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Chapter 1. OVERVIEW

1.1 Purpose of the New England Common Assessment Program

The New England Common Assessment Program (NECAP) is the result of collaboration among New
Hampshire, Rhode Island, and Vermont to build a set of tests for grades 3 through 8 and 11 to meet the
requirements of the No Child Left Behind Act (NCLB). The specific purposes of the NECAP Science tests
are (1) to provide data on student achievement in science at grades 4, 8, and 11 to meet NCLB requirements;
(2) to provide information to support program evaluation and improvement; and (3) to provide information to
parents and the public on the performance of students and schools. The tests are constructed to meet rigorous
technical criteria, to include universal design elements and accommodations so that students can access test
content, and to gather reliable student demographic information for accurate reporting. School improvement is

supported by

= providing a transparent test design through the NECAP Science Assessment Targets, distributions
of emphasis, and practice tests;
= reporting results by science domain, released items, and subgroups; and

= hosting test interpretation workshops to foster understanding of results.

Student level results are provided to schools and families to be used as one piece among all collected
evidence about progress and learning that occurred on the assessment targets for the respective grade span
(K—4, 5-8, 9—11). The results are a status report of a student’s performance against the assessment targets, and

they should be used cautiously in concert with local data.

1.2 Purpose of This Report

The purpose of this report is to document the technical aspects of the 2008—09 NECAP Science tests.
Students in grades 4, 8, and 11 participated in the second operational administration of NECAP Science in
May 2009. This report provides evidence on the technical quality of those tests, including descriptions of the
processes used to develop, administer, and score the tests and of those used to analyze the results. This report
is intended to serve as a guide for replicating and/or improving the procedures in subsequent years.

Though some parts of this technical report may be used by educated laypeople, it is intended for
experts in psychometrics and educational research. The report assumes a working knowledge of measurement
concepts such as reliability and validity and statistical concepts such as correlation and central tendency. In
some chapters, the reader is presumed also to have basic familiarity with advanced topics in measurement and

statistics.
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1.3 Organization of This Report

The organization of this report is based on the conceptual flow of a test’s life span. The report begins
with the initial test specifications and addresses all intermediate steps that lead to final score reporting.
Chapters 1 through 4 give a description of NECAP Science by covering the test design and development
process, the administration of the tests, and scoring. Chapters 5 through 7 provide statistical and psychometric
information, including chapters on scaling and equating, item analysis, and reliability. Chapter 8 is devoted to
NECAP Science score reporting and Chapter 9 is devoted to discussions on validity. Finally, the references

cited throughout the report are provided, followed by the report appendices.
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Chapter 2. TEST DESIGN AND DEVELOPMENT

2.1 Test Design and Blueprints

211 Overview of Test Design

The 2008—09 NECAP Science test consisted of four forms per grade. Each form included common
items, equating items, and embedded field test items. Common items are items that appear on every form of
the test and are used to determine a student’s test score. Each equating item appears on one form only, and
because these items have been on previous tests, they are used by psychometricians to keep the test scores on
the same scale from year to year. This design provides reliable and valid results at the student level (the
common items) and breadth of science coverage for school results (the common plus equating items) while
minimizing testing time.

The NECAP Science test includes an embedded field test. Because the field test is taken by all
students, it provides the sample needed to produce reliable data with which to inform the process of selecting
items for future tests. Each embedded field test item appears on one form only. The field test items are
distributed equally among the forms. Embedding field test items into the operational test ensures that students
take the items seriously, since the students do not know which items count for their test score and which items
are being field tested. The embedded field test yields a pool of replacement items, which are needed due to the
release of approximately 25% of the common items every year.

Each form of the test has three sessions. Physical Science, Earth Space Science, and Life Science are
assessed in Sessions 1 and 2 of the test by standalone items. The equating and field test items are distributed
among the common items in a way that is not evident to test takers. Scientific Inquiry is assessed in Session 3
by an inquiry task. Session 3 contains only common items, as the inquiry task goes through a separate (not

embedded) field test.

2.1.2 ltem Types

Since the beginning of the program, the goal of NECAP has been to measure what students know and
are able to do by using a variety of test item types. The item types used and the functions of each are

described below.

= Multiple-choice items were administered to provide breadth of coverage of the assessment
targets. Because they require approximately one minute for most students to answer, these items
make efficient use of limited testing time and allow coverage of a wide range of knowledge and
skills. Multiple-choice items were administered in Sessions 1 and 2 of the test in the Physical
Science, Earth Space Science, and Life Science domains.

= Short-answer items were administered in the inquiry task (Session 3) to assess students’ skills

and their abilities to work with brief, well structured problems that had one solution or a very
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limited number of solutions. Short-answer items require approximately two to five minutes for
most students to answer. The advantage of this item type is that it requires students to
demonstrate knowledge and skills by generating, rather than merely selecting, an answer.

= Constructed-response items typically require students to use higher order thinking skills—
evaluation, analysis, and summarization—in constructing a satisfactory response. Constructed-
response items should take most students approximately 5 to 10 minutes to complete. Four-point
constructed-response items were administered in Sessions 1 and 2 of the test in the Physical
Science, Earth Space Science, and Life Science domains. Three-point constructed-response items

were administered in the Session 3 inquiry task.

2.1.3 Science Test Design

Table 2-1 summarizes the numbers and types of items that were used in the NECAP Science
assessment for 2008—09. In Sessions 1 and 2, each multiple-choice item was worth 1 point, and each
constructed-response item was worth 4 points. In Session 3, each short-answer item was worth 2 points, and

each constructed-response item was worth 3 points.

Table 2-1. 2008—09 NECAP Science: Numbers of Items per ltem Type

MC SA CR CR
1 pt 2 pt 3 pt 4 pt

Common 33 6 2 3
Equating 36 6
Embedded field test 36 6
Total per form 51 6 2 6

MC = multiple-choice; SA = short-answer; CR = constructed-response

214 Science Blueprint

As indicated earlier, the assessment framework for science was based on the NECAP Science
Assessment Targets, and all items on the test were designed to measure a specific assessment target. NECAP
Science items can be broken down into the following science domains: Physical Science, Earth Space
Science, Life Science, and Scientific Inquiry.

The distribution of emphasis for science is shown in Table 2-2.

Table 2-2. 2008-09 NECAP Science:
Distribution of Common Items Across Domains

Domain MC SA CR CR
1 pt 2 pt 3 pt 4 pt
Physical Science 11 1
Earth Space Science 11 1
Life Science 11 1
Scientific Inquiry 6 2
Total 33 6 2 3

MC = multiple-choice; SA = short-answer; CR = constructed-response
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Table 2-3 displays the total raw score points that students could earn.

Table 2-3. 2008-09 NECAP Science:
Total Raw Score Points

Domain Points Emphasis
Physical Science 15 24%
Earth Space Science 15 24%
Life Science 15 24%
Scientific Inquiry 18 28%
Total 63 100%

Table 2-4 lists the percentage of total score points assigned to each depth of knowledge (DOK) level.

Table 2-4. 2008-09 NECAP Science:
DOK Percentages

Grade 4 Grade 8 Grade 11

DOK 1 19% 14% 22%
DOK 2 70% 70% 68%
DOK 3 11% 16% 10%

2.15 Calculator Use

Science specialists from the New Hampshire, Rhode Island, and Vermont Departments of Education
acknowledge that the use of calculators is a necessary and important skill. Calculators can save time and
allow students to solve more sophisticated and intricate problems by reducing errors in calculations. For these
reasons, it was decided that calculators should be permitted in all three sessions of the NECAP Science
assessment. The state science specialists chose to prohibit scientific and graphing calculators in Session 3

because the inquiry task includes a graphing item.

2.1.6 Test Sessions

The NECAP Science tests were administered to grades 4, 8, and 11 from May 11 to 28, 2009. Schools
were able to schedule testing sessions at any time during the three week period, provided they followed the
sequence in the scheduling guidelines detailed in test administration manuals and that all testing classes
within a school were on the same schedule. Schools were asked to provide makeup testing sessions for
students who were absent from initial testing sessions.

The timing and scheduling guidelines for the NECAP tests were based on estimates of the time it

would take an average student to respond to each type of item making up the test:

*  Multiple-choice—1 minute
= Short-answer (2 point)}—2 minutes

= Constructed-response—10 minutes
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Table 2-5 shows the distribution of items across the test sessions for all three grades.

Table 2-5. 2008—09 NECAP Science:
Number of Iltems per Session

Item type Session 1 Session 2 Session 3
MC 25 26 0
SA2 0 0 6
CR3 0 0 2
CR4 3 3 0

MC = multiple-choice; SA = short-answer; CR = constructed-
response; number beside item type indicates point value

Though the guidelines for scheduling are based on the assumption that most students will complete
the test within the time estimated, each test session was scheduled so that additional time was provided for
students who needed it. For Sessions 1 and 2, up to 100% additional time was allocated for each session (e.g.,
a 45 minute session could have up to an additional 45 minutes). For Session 3, additional time was allocated,
though times varied by grade. For grade 4, the test session was designed to be completed in 75 minutes, but
students were allowed extra time, if needed, in each part of the session; therefore, administrators were asked
to schedule 120 minutes for Session 3. This decision was made because Session 3 at grade 4 included a
hands-on experiment. For grades 8 and 11, Session 3 had a time limit of 60 minutes, which included
additional allocated time because, based on field test data, most students were expected to complete the
session in 45 to 50 minutes.

If classroom space was not available for students who required additional time to complete the tests,
schools were allowed to consider using another space for this purpose. Detailed instructions on test

administration and scheduling were provided in the NECAP Test Administrator and Principal/Test

Coordinator Manuals.
2.2 Operational Development Process
22.1 Assessment Targets

NECAP Science items are directly aligned to the assessment targets and statements of enduring
knowledge for each science domain, as described in the NECAP Science Assessment Targets. The assessment
targets and statements of enduring knowledge were used by content specialists to help guide the development
of test items. Each item addresses one assessment target. The NECAP Science Assessment Targets fall into

four domains: Physical Science, Earth Space Science, Life Science, and Scientific Inquiry.

2.2.2 Inquiry Tasks

The assessment targets for the Scientific Inquiry domain are known as inquiry constructs. The 13
inquiry constructs are spread across four broad areas of inquiry: formulating questions and hypothesizing;

planning and critiquing investigations; conducting investigations; and developing and evaluating
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explanations. The state science specialists from the departments of education developed a document to aid
inquiry task development, Guidelines for the Development of Science Inquiry Tasks, which is Appendix A of
this report.

The state departments of education wanted Scientific Inquiry on the NECAP science test so that
students could conduct an experiment, analyze data, and draw conclusions based on that data, all of which
require scientific thinking skills. The Partnership for the Assessment of Standards-Based Science (PASS at
WestEd) was contracted to work with the state science specialists and Measured Progress to develop the
inquiry tasks.

For the 2008—09 operational tests, PASS at WestEd developed three inquiry tasks at grade 4, two
inquiry tasks at grade 8, and three inquiry tasks at grade 11. The original plan was to put two fully developed
tasks per grade through the external item review process by collecting feedback from the item review
committees and then field testing all the inquiry tasks in non-NECAP states. However, in 2007 PASS at
WestEd worked with the state science specialists to develop and field test one inquiry task at grade 4, two
inquiry tasks at grade 8, and one inquiry task at grade 11. Therefore, in 2008—09 PASS at WestEd developed
and field tested an additional inquiry task at grades 4 and 11 to fulfill contractual requirements. PASS at
WestEd conducted the field testing of the eight inquiry tasks in the fall of 2008 in classrooms throughout
northern California and a high school in Maine. The selected schools had varying demographics and
population sizes, and each of the eight inquiry tasks was administered to approximately 100 students. PASS at
WestEd submitted its Inquiry Task Field Test Report to the state science specialists and Measured Progress in
December 2008. Based on their review of the Inquiry Task Field Test Report, the state science specialists
selected one inquiry task at each grade for the May 2009 operational test, and the other inquiry tasks were
banked for use on future NECAP Science tests.

The Inquiry Task Field Test Report is not included as an appendix due to space limitations, but it can

be obtained from any of the three NECAP states as a standalone document.

2.2.3 Iltem Reviews by Measured Progress

Measured Progress conducted two reviews of the multiple-choice and constructed-response items as
well as a review of the inquiry tasks. These reviews, performed by science test developers, focused on three

major areas.

» [tem alignment to the assessment target: The reviewers considered whether the item measured the
content as outlined in the assessment target and whether the content was grade appropriate. The
reviewers also checked the DOK level of the item.

= Correctness of science content: The reviewers considered whether the information in the item was
scientifically correct. For multiple-choice items, the keyed answer had to be the only correct
answer. For constructed-response items, the scoring guide had to reflect correct science content
and grade level appropriate responses.

»  Universal design: The reviewers considered item structure, clarity, possible ambiguity, and the
appropriateness and relevance of graphics. For constructed-response items, the reviewers
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considered whether the item adequately prompted an examinee to give a response similar to the
one in the scoring guide.

224 Iltem Reviews by the States

The state science specialists reviewed the items. Measured Progress revised the items based on edits
requested by the specialists.

Item review committees (IRCs), composed of state teachers and curriculum supervisors, were formed
in order to conduct another evaluation of the items. A list of the 2008—09 NECAP IRC participants for
science in grades 4, 8, and 11 and their affiliations is included as Appendix B. The IRCs met in Providence,
Rhode Island, in August 2008. Their primary role was to evaluate and provide feedback on potential field test
items. For each grade level, the committee members reviewed potential multiple-choice and constructed-
response field test items as well as potential inquiry tasks. During the meeting, committee members were

asked to evaluate the items for the following criteria:

*  Assessment target alignment
- Is the test item aligned to the identified assessment target?

= Depth of knowledge
- Are the items coded to the appropriate DOK level?

=  Scientific correctness
- Are the items and distracters correct with respect to content and grade level
appropriateness?
- Are the scoring guides consistent with the item and do they provide grade level
appropriate responses?

»  Universal design
- Is the item language clear and grade appropriate?
- Is the item language accurate (syntax, grammar, conventions)?
- Is there an appropriate use of simplified language (is language that interferes with the
assessment target avoided)?
- Are charts, tables, and diagrams easy to read and understandable?
- Are charts, tables, and diagrams necessary to the item?
- Are instructions easy to follow?
- Is the item amenable to accommodations—tead aloud, signed, or Braille?

225 Bias and Sensitivity Review

Bias review is an essential component of the development process. During the bias review process,
NECAP Science items were reviewed by a committee of general education teachers, English language learner
(ELL) specialists, special education teachers, and other educators and members of major constituency groups
who represent the interests of legally protected and/or educationally disadvantaged groups. A list of bias and
sensitivity review committee participants and affiliations is included in Appendix B. Items were examined for

issues that might offend or dismay students, teachers, or parents. Including such groups in the development of
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assessment items and materials can avoid many unduly controversial issues, and unfounded concerns can be

allayed before the test forms are produced.

2.2.6 Reviewing and Refining

After the IRC and bias and sensitivity review committee meetings, Measured Progress and the state
science specialists met to review the committees’ feedback. The specialists decided what edits should be

made to the items.

2.2.7 Item Editing

Measured Progress editors then reviewed and edited the items to ensure uniform style (based on The
Chicago Manual of Style, 15th edition) and adherence to sound testing principles. These principles included

the stipulation that items were

= correct with regard to grammar, punctuation, usage, and spelling;

= written in a clear, concise style;

= written at a reading level that allows the student to demonstrate his or her knowledge of science,
regardless of reading ability;

= written in a way that did not cue the correct answer (for multiple-choice options); and

» free of potentially sensitive content.

2.2.8 Item Selection and Test Assembly

In preparation for the face to face meeting with the state science specialists for item selection, test
developers and psychometricians at Measured Progress considered the following when selecting sets of items

to propose for the common (including items for release) and the embedded field tests:

= Content coverage/match to test design. The test design stipulates a specific number of multiple-
choice and constructed-response items from each content area. Item selection for the embedded
field test was based on the number of items in the existing pool of items eligible for the common.

= |tem difficulty and complexity. Item statistics drawn from the data analysis of previously tested
items were used to ensure similar levels of difficulty and complexity from year to year as well as
quality psychometric characteristics.

=  “Cueing’ items. Items were reviewed for any information that might “cue,” or provide

information that would help to answer, another item.

At the face to face meeting, the state specialists reviewed the proposed sets of items and made the

final selection of items for the common, including which items would be released after the test was
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administered. The state specialists also made the final selection of items for the embedded field test and

approved the final wording of these items.

2.2.9

During assembly of the test forms, the following criteria were considered:

Option balance. Items were balanced among the forms so that each form contained a fairly equal
distribution of keys (correct answers).

Key patterns. The sequence of keys was reviewed to ensure that their order appeared random.
Pagefit. Item placement was modified to ensure the best fit and arrangement of items on any
given page.

Facing pageissues. For multiple items associated with a single stimulus (inquiry task) and
multiple-choice items with large graphics, consideration was given to whether those items needed
to begin on a left or right hand page and to the nature and amount of material that needed to be
placed on facing pages. These considerations serve to minimize the amount of page flipping
required of students.

Relationship between forms. Although equating and field test items differ across forms, these
items must take up the same number of pages in each form so that sessions begin on the same
page in every form. Therefore, the number of pages needed for the longest form often determines
the layout of each form.

Visual appeal. The visual accessibility of each page of the form was always taken into
consideration, including such aspects as the amount of white space, the density of the text, and

the number of graphics.

Review of Operational Test Forms

After the forms were laid out as they would appear in the final test booklets, they were again

thoroughly reviewed by Measured Progress editors and test developers to ensure that the items appeared

exactly as the state science specialists had requested. Finally, all the forms were reviewed by the state science

specialists for their final approval.

2.2.10

Braille and Large-Print Translation

Common items for grades 4, 8, and 11 were translated into Braille by a subcontractor that specializes

in test materials for students who are blind or visually impaired. In addition, Form 1 for each grade was also

adapted into a large-print version.
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2.2.11 Released Items

Approximately 25% of the common NECAP items in Sessions 1 and 2, as well as the entire inquiry
task at each grade, were released to the public in September, 2009. The released NECAP items are posted on
a Web site hosted by Measured Progress and on the state departments of education Web sites. Schools are
encouraged to incorporate the use of released items in their instructional activities so that students will be

familiar with them.
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Chapter 3.  TEST ADMINISTRATION

3.1 Responsibility for Administration

The 2008—09 NECAP Science Principal/Test Coordinator Manual indicated that principals and/or
their designated NECAP test coordinators were responsible for the proper administration of NECAP Science.
The Test Administrator Manual, which contained explicit directions and read-aloud scripts, was used in order

to ensure the uniformity of administration procedures from school to school.

3.2 Administration Procedures

Principals and/or their schools’ designated NECAP coordinators were instructed to read the
Principal/Test Coordinator Manual before testing and to be familiar with the instructions provided in the Test
Administrator Manual. The Principal/Test Coordinator Manual provided each school with checklists to help
them to prepare for testing. The checklists outlined tasks to be performed by school staff before, during, and
after test administration. Besides these checklists, the Principal/Test Coordinator Manual described the
testing material being sent to each school and how to inventory the material, track it during administration,
and return it after testing was complete. The Test Administrator Manual included checklists for the
administrators to ready themselves, their classrooms, and the students for the administration of the test. It also
contained sections detailing the procedures to be followed for each test session and instructions for preparing

the material before its return to Measured Progress.

3.3 Participation Requirements and Documentation

The intent of NCLB legislation is for al/l students in grades 4, 8, and 11 to participate in the NECAP
Science test through standard administration, administration with accommodations, or alternate assessment.
Furthermore, any student who is absent during any session of the NECAP Science test is expected to make up
the missed sessions within the three week testing window.

Schools were required to return a student answer booklet for every enrolled student in the grade level.
On those occasions when it was deemed impossible to test a particular student, school personnel were
required to inform their state department of education. The states included a grid on the student answer
booklets that listed the approved reasons why a student answer booklet could be returned blank for one or

more sessions of the science test.

»  Student withdrew from school after May 11, 2009
- Ifastudent withdrew after May 11, 2009, but before completing all of the test

sessions, school personnel were instructed to code this reason on the student’s answer
booklet.
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= Student enrolled in school after May 11, 2009
- Ifastudent enrolled after May 11, 2009, and was unable to complete all of the test
sessions before the end of the testing administration window, school personnel were
instructed to code this reason on the student’s answer booklet.

= State approved special consideration
- Each state department of education had a process for documenting and approving
circumstances that made it impossible or not advisable for a student to participate in
testing. Schools were required to obtain state approval before beginning testing.

= Student was enrolled on May 11, 2009, and did not complete test for reasons other than those
listed above
- Ifastudent was not tested for a different reason, school personnel were instructed to
code this reason on the student’s answer booklet. These “other” categories were
considered not state approved.

Table 3-1 lists the science participation rates of the three states combined.

Table 3-1. 2008—09 NECAP Science: Participation Rates

e Not tested Not tested ~ Number %
Category Description Enroliment state approved other tested Tested
All students 98,897 860 1,226 96,811 98
Male 50,786 551 715 49,520 98
Gender Female 48,098 309 511 47,278 98
Not reported 13 0 0 13 100
American Indian or
Alaskan Native 422 8 14 400 95
Asian 2,294 13 35 2,246 98
Black or African
American 4,035 53 84 3,898 97
Ethnicity ~ Hispanic or Latino 7,086 80 164 6,842 97
Native Hawaiian or
Pacific Islander 46 0 0 46 100
White (non-Hispanic) 84,619 699 917 83,003 98
No primary
race/ethnicity reported 395 7 12 376 95
Currently receiving LEP
services 2,211 12 50 2,149 97
Former LEP student—
LEP monitoring year 1 284 0 1 283 100
Former LEP student—
monitoring year 2 341 2 2 337 99
All other students 96,061 846 1,173 94,042 98
IEP Students with an IEP 15,424 734 438 14,252 92
All other students 83,473 126 788 82,559 99
Economically
SES disadvantaged students 27,574 341 537 26,696 97
All other students 71,323 519 689 70,115 98
Migrant Migrant students 18 0 0 18 100
All other students 98,879 860 1,226 96,793 98
Students receiving Title
Title 1 1 services 9,240 93 157 8,990 97
All other students 89,657 767 1,069 87,821 98
Plan 504 Plan 504 971 7 6 958 99
All other students 97,926 853 1,220 95,853 98
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3.4 Administrator Training

In addition to distributing the Principal/Test Coordinator and Test Administrator Manuals, the New
Hampshire, Rhode Island, and Vermont Departments of Education, along with Measured Progress, conducted
test administration workshops in multiple locations in each state to inform school personnel about the NECAP

Science test and to provide training on the policies and procedures regarding administration.

35 Documentation of Accommodations

Though every effort was made to provide a test that would be as accessible as possible, a need still
remained to allow some students to take the test with accommodations. An operating principle employed
during the development of the accommodations protocols and policy development was to allow only
accommodations that would not change the construct of what was being measured by the item.

The Principal/Test Coordinator and Test Administrator Manuals provided directions for coding the
information related to accommodations and modifications on page 2 of the student answer booklet. All
accommodations used during any test session were required to be coded by authorized school personnel—not
students—after testing was completed.

The training guide Accommodations, Guidelines, and Procedures also provides detailed information
on planning and implementing accommodations. This guide can be located on each state’s department of
education Web site. The states collectively made the decision that accommodations be made available to all
students based on individual need, regardless of disability status. Decisions regarding accommodations were
to be made by the students’ educational teams on an individual basis and were to be consistent with those
used during the students’ regular classroom instruction. Making accommodations decisions on an entire group
basis rather than on an individual basis was not permitted. If the decision made by a student’s educational
team required an accommodation not listed in the state approved Table of Standard Test Accommodations,
schools were instructed to contact their department of education in advance of testing for specific instructions
for coding the “Other Accommodations (E)” and/or “Modifications (F)” sections.

Table 3-2 shows the accommodations observed for the May 2009 NECAP Science administration.
The accommodation codes are defined in the Table of Standard Test Accommodations, found in Appendix C.

The appropriateness and impact of accommodations are discussed in Appendix D.
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Table 3-2. 2008—09 NECAP Science: Accommodation Frequencies

. Grade Grade Grade , Grade Grade Grade
Accommodation Accommodation
4 8 11 4 8 11

AO01 800 394 304 C12 44 94 34
AO2 4,077 3,393 2,483 C13 0 0 0
AO03 1,339 507 362 D01 37 111 59
AO4 225 203 59 D02 68 36 17
AO05 24 5 1 D03 3 3 3
A06 11 11 2 D04 155 32 31
AO07 1,395 1,246 1,002 D05 1,297 216 68
A08 1,302 465 295 D06 55 11 5
A09 9 3 193 D07 1 0 524
BO1 214 131 43 EO1 0 4 3
B02 2,166 1,317 539 EO2 0 0 0
BO3 2,713 1,739b 1,001 FOo1 16 42 79
co1 4 0 6 F02 0 0 0
Cco02 38 25 11 FO03 0 2 1
Co03 19 14 12 NO1 0 0 437
Cco4 3,693 1,402 567 NO2 0 0 653
CO05 483 74 10 NO3 0 0 70
CO06 53 26 44 NO4 0 0 277
Cco7 555 272 86 NO5 0 0 132
Cco8 13 4 0 NO6 0 0 79
CO09 124 12 7 NO7 0 0 100
C10 4 1 0 NO8 0 0 237
Cl1 34 17 2

3.6 Test Security

Maintaining test security is critical to the success of NECAP and the continued partnership among the
three states. The Principal/Test Coordinator and Test Administrator Manuals explain in detail all test security
measures and test administration procedures. School personnel were informed that any concerns about
breaches in test security were to be reported to the test coordinator and principal immediately. The test
coordinator and/or principal were responsible for immediately reporting the concern to the district
superintendent and the state director of testing at the department of education. Test security was strongly
emphasized at the test administration workshops conducted in all three states. The states required the principal
of each school that participated in testing to log on to a secure Web site to complete the Principal’s
Certification of Proper Test Administration form for each grade level tested. The principal was required to
provide the number of secure tests received from Measured Progress, the number of tests administered to
students, and the number of secure test materials being returned to Measured Progress. The principal was then
required to enter his or her name in the online form as an electronic signature. By signing the form, the
principal was certifying that the tests were administered according to the procedures outlined in the
Principal/Test Coordinator and Test Administrator Manuals, that he or she maintained the security of the test
materials, that no secure material was duplicated or in any way retained in the school, and that all test

materials had been accounted for and scheduled for return to Measured Progress.
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3.7 Test and Administration Irregularities

Several irregularities in the test forms and ancillary materials necessitated changes in scoring
procedures. At grade 4, the Session 3 test items did not appear in the Braille version of the test. The 18 raw
score points in Session 3 were removed from scaling and scoring calculations for the two grade 4 students
who took the test with a Braille version.

The grade 11 Braille reference sheets were mislabeled by the vendor as grade 8, and the grade 8
Braille reference sheets were mislabeled by the vendor as grade 11. Four grade 11 students took the test with
a Braille test booklet and reference sheet. There were five grade 11 common items that asked the student to
use the reference sheet to answer the item. These five items (composing 8 raw score points) were removed
from scaling and scoring calculations for the four affected students. No grade 8 students took the test with a
Braille version.

At grade 11, Session 3 contained a data table with incorrect data. In one of the Session 3 test items,
students were asked to graph the data from that data table. It was determined that the incorrect data in the
table did not affect students’ ability to construct an appropriate graph and earn full credit on the item. This 3
point item was scored with a modified rubric so that students who either identified the error in the data table
or worked around it would still receive full credit for identifying the trend in the data the item was attempting

to elicit.

3.8 Test Administration Window

The test administration window was May 11 to 28, 2009.
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3.9 NECAP Service Center

To provide additional support to schools before, during, and after testing, Measured Progress
established the NECAP Service Center. The additional support that the service center provided was an
essential element to the successful administration of any statewide test program. Individuals in the field could
call the centralized location using a toll free number and ask questions or report any problems they were
experiencing.

The service center was staffed based on call volume and was available from 8:00 a.m. to 4:00 p.m.
beginning two weeks before the start of testing and ending two weeks after testing. The representatives were
responsible for receiving, responding to, and tracking calls and then routing issues to the appropriate

person(s) for resolution.
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Chapter 4. SCORING

Upon receipt of used NECAP Science answer booklets following testing, Measured Progress scanned
all student responses, along with student identification and demographic information. Imaged data for
multiple-choice items were machine scored. Images of constructed-response items were processed and
organized by iScore, a secure server-to-server electronic scoring software designed by Measured Progress, for
hand scoring.

Student responses that could not be physically scanned (e.g., answer documents damaged during
shipping) were physically reviewed and scored on an individual basis by trained, qualified readers. These
scores were linked to the student’s demographic data and merged with the student’s scoring file by Measured

Progress’s data processing department.

4.1 Machine Scored Items

Multiple-choice responses were compared to scoring keys using item analysis software. Correct
answers were assigned a score of 1 point; incorrect answers were assigned a score of 0 points. Student
responses with multiple marks or blank responses were also assigned 0 points.

The hardware elements of the scanners monitored themselves continuously for correct read, and the
software driving these scanners monitored the correct data reads. Standard checks included recognition of a
sheet that did not belong, was upside down, or was backward; identification of missing critical data, including
a student ID number or test form that was out of range or missing; and identification of page/document
sequence errors. When a problem was detected, the scanner stopped and displayed an error message directing

the operator to investigate and correct the situation.

4.2 Hand Scored Items

The images of student responses to constructed-response items were hand scored through the iScore
system. Using iScore minimized the need for readers to physically handle actual answer booklets and related
scoring materials. Student confidentiality was easily maintained, as all NECAP Science scoring was “blind”
(i.e., district, school, and student names were not visible to readers). The iScore system maintained the link
between the student response images and their associated test booklet numbers.

Through iScore, qualified readers accessed electronically scanned images of student responses at
computer terminals. The readers evaluated each response and recorded each student’s score via keypad or
mouse entry through the iScore system. When a reader finished one response, the next response immediately
appeared on the computer screen.

Imaged responses from all answer booklets were sorted into item specific groups for scoring

purposes. Readers reviewed responses from only one item at a time; however, when necessary, imaged
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responses from a student’s entire booklet were available for viewing, and the physical booklet was also
available to the onsite chief reader.
The use of iScore also helped ensure that access to student response images was limited to only those

who were scoring or who were working for Measured Progress in a scoring management capacity.

4.3 Inquiry Task Scoring

Of special interest during this cycle of scoring 2008—09 NECAP Science was implementing the
scoring requirements associated with inquiry task items. These items were unique in that students conducted a
single scientific experiment and then answered approximately eight questions about that experiment. The
questions were designed to stand alone, meaning that each one could be scored separately instead of as part of
a set of eight combined questions. This maximized the number of readers that could be assigned to score

responses for each student.

4.4 Scoring Location and Staff
Scoring Location

The iScore database, its operation, and its administrative controls are all based in Dover, New
Hampshire; in addition, all 2008—09 NECAP Science responses were scored in Dover.

The iScore system monitored accuracy, reliability, and consistency across the scoring site. Constant
daily communication and coordination were accomplished through e-mail, telephone, and secure Web sites, to
ensure that critical information and scoring modifications were shared and implemented throughout the

scoring site.

Staff Positions

The following staff members were involved with scoring the 2008—09 NECAP Science responses:

=  The NECAP Science scoring project manager, an employee of Measured Progress based in
Dover, New Hampshire, oversaw the communication and coordination of scoring constructed-
response items.

= The iScore operational manager and iScore administrators, employees of Measured Progress
based in Dover, New Hampshire, coordinated technical communication pertaining to the scoring
of constructed-response items.

= A chiefreader in science ensured the consistency of scoring across the scoring site for all grades
tested. The chief reader, an employee of Measured Progress, also provided read behind activities
for quality assurance coordinators.

= Numerous quality assurance coordinators (QACs), selected from a pool of experienced senior

readers for their ability to score accurately and their ability to instruct and train readers,
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participated in benchmarking activities for each grade. QACs provided read behind activities for
senior readers. The ratio of QACs and senior readers to readers was approximately 1 to 11.

= Numerous senior readers (SRs), selected from a pool of skilled and experienced readers, provided
read behind activities for the readers at their scoring tables (2 to 12 readers at each table).

= Readers at the scoring site scored the 2008—09 NECAP Science operational and field test student

responses.

4.4.1 Reader Recruitment and Qualifications

For scoring of the 2008—09 NECAP Science test, Measured Progress actively sought a diverse scoring
pool that was representative of the population of the three participating NECAP states. The broad range of
readers included scientists, editors, business professionals, authors, teachers, graduate school students, and
retired educators. Demographic information for readers (e.g., gender, race, educational background) was
electronically captured and reported.

Although a four year college degree or higher was preferred for all readers, readers of the responses
of grade 4, 8, and 11 students were required to have successfully completed at least two years of college and
to have demonstrated knowledge of science. This permitted the recruitment of readers who were currently
enrolled in a college program, a sector of the population that had relatively recent exposure to classroom
practices and current trends in their field of study. In all cases, potential readers submitted documentation
(e.g., resume and/or transcripts) of their qualifications.

Table 4-1 summarizes the qualifications of the 2008—09 NECAP Science scoring leadership (QACs
and SRs) and readers.

Table 4-1. 2008—09 NECAP Science: Qualifications of Scoring Leadership and Readers

Scoring Spring 2009 Administration educational credentials
responsibility Doctorate Master’s Bachelor’s Other Total
Scoring leadership 4.8% 38.1% 57.1% 0.0% 100.0%
Readers 4.4% 25.0% 52.9% 17.6%* 100.0%

*Indicates the 3 readers with associate’s degrees and the 17 readers with at least 48 college credits

Readers were either temporary Measured Progress employees or were secured through the services of

one or more temporary employment agencies. All readers signed a nondisclosure/confidentiality agreement.

4.4.2 Reader Training

Reader training began with an introduction of onsite scoring staff and an overview of the NECAP
Science program’s purpose and goals, including a discussion about the security, confidentiality, and
proprietary nature of testing, scoring materials, and procedures.

Next, readers thoroughly reviewed and discussed the scoring guide for the item to be scored. Each

item specific scoring guide included the item itself and score point descriptions.
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Following review of the item specific scoring guide for any constructed-response item, readers began

reviewing or scoring response sets organized for specific training purposes:

=  Anchor set
*  Training set

= Qualifying set

During training, readers were able to highlight or mark hard copies of the anchor and training sets,

even if all or part of the sets was also presented online via computer.

4.4.2.1 Anchor Set

Readers first reviewed an anchor set of exemplary responses, approved by the state science specialists
representing the three participating departments of education, for the item to be scored. Responses in anchor
sets were typical, rather than unusual or uncommon; solid, rather than controversial or borderline; and true,
meaning that they had scores that could not be changed by anyone other than the NECAP client and Measured
Progress test development staff.

For constructed-response items, each item specific anchor set contained, for each respective score
point, a client approved sample response that was to be considered a midrange example of its respective score
point. When necessary, a second sample response was included to illustrate an alternate way to achieve that
score point.

Responses were read aloud to the room of readers and presented in descending score order. Trainers
then announced the true score of each anchor response and facilitated a group discussion of the response in
relation to the score point descriptions to allow readers to internalize typical characteristics of each score
point.

This anchor set served as a reference for readers as they continued with calibration, scoring, and

recalibration activities for that item.

4.4.2.2 Training Set

Next, readers practiced applying the scoring guide and anchors to responses in the training set. The
training set typically included 10 to 15 student responses designed to help establish the score point range and
the range of responses within each score point. The training set often represented unusual responses that were
less clear or solid (e.g., were shorter than normal, employed atypical approaches, contained both very low and
very high attributes, or included difficult handwriting). Responses in the training set were presented in
randomized score point order.

After readers had independently read and scored a training set response, trainers polled readers or
used online training system reports to record the initial range of scores. Then they led a group discussion of

one or two responses, directing reader attention to scoring issues that were particularly relevant to the specific
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scoring group, such as the line between two score points. Trainers modeled for readers how to discuss scores

by referring to the anchor set and scoring guides.

4.4.2.3  Qualifying Set

After the training set had been completed, readers were required to measurably demonstrate their
ability to accurately and reliably score all items, according to the appropriate anchor set in concert with its
scoring rubric, by scoring the qualifying set. The qualifying set consisted of 10 responses selected from an
array of responses that clearly illustrated the range of score points for that item. The set was chosen in
accordance with the responses reviewed and approved by the state specialists.

To be eligible to score operational 2008—09 NECAP Science responses, readers were required to
demonstrate scoring accuracy rates of at least 80% exact agreement and at least 90% exact or adjacent
agreement across all items. In other words, exact scores were required on at least eight of the qualifying set
responses and either exact or adjacent scores were required on at least nine. Readers were allowed one

discrepant score as long as they had at least eight exact scores.

4.4.2.4 Retraining

Readers who did not pass the first qualifying set were retrained as a group by reviewing their
performance with scoring leadership and then scored a second qualifying set of responses. If they achieved a
minimum scoring accuracy rate of 80% exact and 90% exact or adjacent agreement on this second set, they
were allowed to score operational responses.

If readers did not achieve the required scoring accuracy rates on the second qualifying set, they were
not allowed to score responses for that item. Instead, they were either trained on a different item or dismissed

from scoring.

4.4.3 QAC and SR Training

QAC:s and select SRs were trained in a separate training session that occurred immediately prior to
reader training. In addition to discussing the items and their responses, QAC and SR training included
emphasis on the states' rationale behind the score points. This rationale was discussed in greater detail with

QACs and SRs then with regular readers to better equip leadership to handle questions from the readers.

4.4.4 Benchmarking Meetings

In preparation for implementing NECAP Science guidelines for the scoring of field test responses,
Measured Progress scoring staff prepared and facilitated benchmarking meetings held with the NECAP state
science specialists. The purpose of the meetings was to establish item specific guidelines for scoring each

NECAP Science item for the current field test scoring session and for future operational scoring sessions.

Chapter 4—Scoring 23 2008-09 NECAP Science Technical Report



Prior to these meetings, scoring staff collected a set of several dozen student responses that chief
readers identified as being illustrative midrange examples of their respective score points. The chief readers
and science specialists worked collaboratively during benchmarking meetings to finalize an authoritative set
of score point exemplars for each field test item. As a matter of practice, each of these authoritative sets is
included as part of the scoring training materials and used to train readers each time that item is scored—both
as a field test item and as part of a future NECAP Science administration.

This repeated use of approved sets of midrange score point exemplars helps ensure that each time a
particular NECAP Science item is scored readers follow the guidelines established by the state science

specialists.

4.5 Methodology for Scoring Constructed-Response ltems

Constructed-response items were scored based on possible score points and scoring procedures, as

shown in Table 4-2.

Table 4-2. 2008-09 NECAP Science: Possible
Score Points for Constructed-Response ltems

Item type Possible score points Possible highest score
Constructed-response 0-4 4
Inquiry task—constructed-response 0-3 3
Inquiry task—short-answer 0-2 2
Nonscorable 0 0

Nonscorable | tems

Readers could designate a response as nonscorable for any of the following reasons:

= Response was blank (no attempt to respond to the question)

= Response was unreadable (illegible, too faint to see, or only partially legible/visible)

= Response was written in the wrong location (seemed to be a legitimate answer to a different
question)'

= Response was written in a language other than English

= Response was completely off task or off topic

= Response included an insufficient amount of material to make scoring possible

= Response was an exact copy of the assignment

» Response was incomprehensible

= Student made a statement refusing to write a response to the question
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» Unreadable and wrong location responses were eventually resolved, whenever possible, by
researching the actual answer document (electronic copy or hard copy, as needed) to identify the

correct location or to more closely examine the response and then assign a score.

Scoring Procedures

Scoring procedures for constructed-response items included both single scoring and double scoring.
Single scored items were scored by one reader. Double scored items were scored independently by two
readers, whose scores were tracked for agreement (known as interrater agreement). For further discussion of
double scoring and interrater agreement, see subsection 4.5.1.3 and Appendix E.

Table 4-3 shows by which method(s) common and equating constructed-response items for each

operational test were scored.

Table 4-3. 2008-09 NECAP Science: Methods of Scoring
Common and Equating Constructed-Response ltems by Grade and Test

Responses Responses
Grade Test/Field test name single scored double scored
(per grade and (per grade and
test/field test) test/field test)
4 Science 100% 2% randomly
8 Science 100% 2% randomly
11 Science 100% 2% randomly
All Unreadable responses 100% 100%
All Blank responses 100% 100%

For each field test item, 1,500 student responses were scored.

45.1 Monitoring of Scoring Quality Control and Consistency

Readers were monitored for continued accuracy rates and scoring consistency throughout the scoring

process, using the following methods and tools:

» Embedded committee reviewed responses (CRRs)
= Read behind procedures
= Double blind scoring

»  Scoring reports

If readers met or exceeded the expected accuracy rate, they continued scoring operational responses.
Any reader who fell below the expected accuracy rate for the particular item and monitoring method was
retrained on that item and, upon approval by the QAC or chief reader as appropriate, was allowed to resume
scoring.

It is important to note the difference between the accuracy rate each reader must have achieved to

qualify for scoring live responses and the accuracy rate each reader must have maintained to continue scoring
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live responses. Specifically, the qualification accuracy rate was stricter than the live scoring accuracy rate.
The reason for this difference is that an “exact score” in double blind statistics requires that two readers both
identify the same score for a response; an exact score during qualification requires that an individual reader
match the score predefined by leadership. Thus, the latter is dependent on matching an expert, not a peer.
During live scoring, reader accuracy rates are monitored using an array of techniques, thereby
providing a more complete picture of a reader’s performance than would be the case by relying on just one

technique. These techniques are described in the next subsections.

4.5.1.1 Embedded CRRs

Previously scored CRRs were selected and loaded into iScore for blind distribution to readers as a
way to monitor accuracy. Embedded CRRs, either chosen before scoring had begun or selected by leadership
during scoring, were inserted into the scoring queue so as to be indistinguishable from all other live student
responses.

Between 5 and 30 embedded CRRs were distributed at random points throughout the first full day of
scoring an item to ensure that readers were sufficiently calibrated at the beginning of the scoring period.
Individual readers often received up to 20 embedded CRRs within the first 100 responses scored, and up to 10
CRRs within the next 100 responses scored on that first day of scoring that item.

If any reader fell below the required live scoring accuracy rate, he or she was retrained before being
allowed by the QAC to continue. Once the reader was allowed to resume scoring, leadership carefully

monitored him or her by increasing the number of read behinds.

4.5.1.2 Read Behind Procedures

Read behind scoring refers to the practice of scoring leadership, usually an SR, scoring a response
after a reader has already scored it.

Responses to be placed into the read behind queue were randomly selected by scoring leadership;
readers were not made aware as to which of their responses would be reviewed by their SR. The iScore
system allowed one, two, or three responses per reader to be placed into the read behind queue at a time.

The SR entered his or her score into iScore before being allowed to see the score assigned by the
reader for whom the read behind was being performed. The SR then compared the two scores, and the

ultimate reported score was determined as follows.

= Ifthere was exact agreement between the scores, no action was taken; the regular reader’s score
remained.
= Ifthe scores were adjacent (i.e., the difference was not greater than 1), the SR’s score became the

score of record. If there were a significant number of adjacent scores for this reader across items,
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an individual scoring consultation was held with the reader, and the QAC determined whether or
when the reader could resume scoring.

= Ifthere was a discrepant difference between the scores (greater than 1 point), the SR’s score
became the score of record. An individual consultation was held with the reader, with the QAC

determining whether or when the reader could resume scoring.
These three scenarios are illustrated in Table 4-4.

Table 4-4. 2008—-09 NECAP Science:
Examples of Read Behind
Scoring Resolutions

Reader QAC/ S.R Final*
resolution
4 4 4
4 3 3
4 2 2

* QAC/SR score is score of record.

Approximately 3.3% of all student responses were reviewed by QACs and SRs as read behinds. In
cases where a reader’s scoring rate fell below the required accuracy percentage, QACs and SRs conducted
additional read behinds for that reader.

In addition to the daily read behinds, scoring leadership could choose to read behind any reader at any

point during the scoring process and thereby take an immediate, real-time “snapshot” of a reader’s accuracy.

4.5.1.3 Double Blind Scoring

Double blind scoring refers to the practice of two readers independently scoring a response, each
without knowing the response had already been or soon would be scored by another reader as well. Table 4-3
provides information about the proportion of responses that were double scored. Appendix E presents the
percentages of double blind agreement for each grade level test.

If there was a discrepancy (a difference greater than 1) between scores, the response was placed in an
arbitration queue. Arbitration responses were reviewed by scoring leadership (SR or QAC) without any
background knowledge of the scores assigned by the two previous readers.

Scoring leadership consulted individually with any reader whose scoring rates on the different
monitoring methods fell below the required accuracy percentage, and the QAC determined whether or when
the reader could resume scoring. Once the reader was allowed to resume scoring, leadership carefully

monitored him or her by increasing the frequency of read behinds.

45.2 Scoring Reports

Measured Progress’s electronic scoring software, iScore, generated multiple reports that were used by

scoring leadership to measure and monitor readers for scoring accuracy, consistency, and productivity.
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Reports Generated During Scoring

Because the 2008—09 NECAP Science administration was complex, computer generated reports were

necessary to ensure all of the following:

= overall group level accuracy, consistency, and reliability of scoring
* immediate, real-time individual reader data availability for early reader intervention when
necessary

= scoring schedule maintenance
The following reports were produced by iScore:

* The Read Behind Summary showed the total number of read behind responses for each reader,
and noted the numbers and percentages of scores that were exact, adjacent, and discrepant
between that reader and the SR or QAC. Scoring leadership could choose to generate this report
by selecting options such as “Today,” “Past Week,” or “Cumulative” from a pull down menu.
The report could also be filtered to display data for a particular item or across all items. This
report was used in conjunction with other reports to determine whether a reader’s scores would be
voided (i.e., sent back out to the floor to be rescored by other readers). The benefit of this report
is that it measures the degree to which individual readers agree with their QAC or SR on how to
best score live responses.

»  The Double-Blind Summary showed the total number of double score responses scored by each
reader, and noted the numbers and percentages of scores that were exact, adjacent, and discrepant
between that reader and the second reader. This report was used in conjunction with other reports
to determine whether a reader’s scores would be voided. The benefit of this report is that it
reveals the degree to which readers are in agreement with each other about how to best score live
responses.

» The Accuracy Summary combined read behind and double score data, showing the total number
of double score and read behind responses scored for each reader, and noting his or her accuracy
percentages and score point distributions.

» The Embedded CRR Summary showed, for each reader and for either a particular item or
across all items, the total number of responses scored, the number of embedded CRRs scored, and
the numbers and percentages of scores that were exact, adjacent, and discrepant between the
reader and the chief reader (by virtue of the chief reader’s approval of the prescored embedded
CRRs). This report was used in conjunction with other reports to determine whether a reader’s
scores would be voided. The benefit of this report is that it measures the degree to which

individual readers agree with their chief reader on how to best score live responses—and since
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embedded responses are administered during the first hours of scoring, this report provides an
early indication of agreement between readers and their chief reader.

» The Qualification Statistics Report listed all readers by name and ID number, identifying which
qualifying set(s) they did and did not take and, for the ones they did take, whether they passed or
failed. The total number of qualifications passed and failed was noted for each reader, as was the
total number of individuals passing or failing a particular qualifying set. The QAC could use this
report to determine how the readers within his or her specific scoring group performed on a
specific qualifying set.

= The Summary Report showed the total number of student responses for an item and identified,
for the time at which the report was generated, (1) the number of single and double scorings that

had been performed, and (2) the number of single and double scorings yet to be performed.
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Chapter 5. CLASSICAL ITEM ANALYSES

As noted in Brown (1983), “A test is only as good as the items it contains.” A complete evaluation of
a test’s quality must include an evaluation of each question. Both Standards for Educational and
Psychological Testing (American Educational Research Association [AERA], American Psychological
Association, & National Council on Measurement in Education, 1999) and Code of Fair Testing Practices in
Education (Joint Committee on Testing Practices, 1988) include standards for identifying quality questions.
Questions should assess only the knowledge or skills identified as part of the domain being measured and
should avoid assessing irrelevant factors. They should also be unambiguous and free of grammatical errors,
potentially insensitive content or language, and other confounding characteristics. Further, questions must not
unfairly disadvantage test takers from particular racial, ethnic, or gender groups.

Both qualitative and quantitative approaches were taken to ensure that NECAP Science questions met
these standards. Qualitative work was discussed in Chapter 2. The following discussion summarizes several
types of quantitative analyses that were carried out on the 2008—09 NECAP Science items: classical statistics,
differential item functioning (subgroup differences in item performance), dimensionality analyses, and item

response theory analyses.

51 Classical Statistics

All 2008—09 NECAP Science items were evaluated in terms of difficulty according to standard
classical test theory (CTT) practice. The expected item difficulty, also known as the p-value, is the main index
of item difficulty under the CTT framework. This index measures an item’s difficulty by averaging the
proportion of points received across all students who took the item. Multiple-choice items were scored
dichotomously (correct versus incorrect), so the difficulty index is simply the proportion of students who
correctly answered the item. To place all item types on the same 0—1 scale, the p-value of a constructed-
response item was computed as the average score on the item divided by its maximum possible score.
Although the p-value is traditionally called a measure of difficulty, it is properly interpreted as an easiness
index, because larger values indicate easier items. An index of 0.0 signifies that no student received credit for
the item. At the opposite extreme, an index of 1.0 signifies that every student received full credit for the item.

Items that are answered correctly by almost all students provide little information about differences in
student ability, but they do indicate knowledge or skills that have been mastered by most students. The
converse is true of items that are incorrectly answered by most students. In general, to provide the most
precise measurement, difficulty indices should range from near chance performance (0.25 for four-option
multiple-choice items, 0.00 for constructed-response items) to 0.90. Experience has indicated that items
conforming to this guideline tend to provide satisfactory statistical information for the bulk of the student
population. However, on a criterion referenced test such as NECAP Science, it may be appropriate to include

some items with difficulty values outside this region in order to measure well, throughout the range, the skills
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present at a given grade. Having a range of item difficulties also helps to ensure that the test does not exhibit
an excess of scores at the floor or ceiling of the distribution.

A desirable feature of an item is that higher ability students should perform better than lower ability
students. A commonly used measure of this characteristic is the correlation between total test score (excluding
the item of interest) and student performance on the item. Within CTT, this item-test correlation is referred to
as the item’s discrimination, because it indicates the extent to which successful performance on an item
discriminates between high and low scores on the test. For polytomous items on the 2008—09 NECAP Science
test, the corrected Pearson product-moment correlation was used as the item discrimination index, and the
corrected point-biserial correlation was used for dichotomous items. The theoretical range of these statistics is
-1.0 to 1.0, with a typical range from 0.2 to 0.6.

One can think of a discrimination index as a measure of how closely an item assesses the same
knowledge and skills as other items that contribute to the criterion total score; in other words, the
discrimination index can be interpreted as a measure of construct consistency. In light of this, it is quite
important that an appropriate total score criterion be selected. For 2008—09 NECAP Science, raw score—the
sum of student scores on the common items—was selected. Item-test correlations were computed for each
common item, and the results are summarized below.

Summary statistics of the difficulty and discrimination indices by grade are provided in Tables 5-1
and 5-2. Means and standard deviations of p-values and discriminations are presented by form in Table 5-1
and by item type in Table 5-2. A comparison of indices across grade levels is complicated because the indices
are population dependent. Direct comparisons would require that either the items or students were common
across groups. As that was not the case, it cannot be determined whether differences in item functioning
across grade levels were due to differences in student cohorts’ abilities or differences in item-set difficulties,
or both. Comparing the difficulty indices between item types is also tricky. Multiple-choice items can be
answered correctly by guessing; thus, it is not surprising that the p-values for multiple-choice items were
higher than those for constructed-response items. Similarly, because of partial-credit scoring, the

discrimination indices of constructed-response items tended to be larger than those of multiple-choice items.
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Table 5-1. 2008—09 NECAP Science: Classical Iltem
Difficulty and Discrimination Indices by Grade and Test Form

N Difficulty Discrimination
Grade Form
Items Mean SD Mean SD
Common 44 0.64 0.16 0.36 0.08
01 10 0.68 0.12 0.32 0.06
4 02 10 0.65 0.18 0.30 0.12
03 10 0.72 0.13 0.34 0.11
04 9 0.68 0.13 0.31 0.06
Common 44 0.51 0.15 0.39 0.10
01 10 0.63 0.16 0.38 0.11
8 02 10 0.58 0.13 0.33 0.11
03 10 0.59 0.14 0.38 0.10
04 9 0.63 0.16 0.32 0.07
Common 44 0.52 0.13 0.37 0.13
01 10 0.55 0.19 0.33 0.13
11 02 10 0.54 0.17 0.33 0.12
03 10 0.54 0.11 0.34 0.12
04 9 0.57 0.12 0.34 0.07

SD = standard deviation

Table 5-2. 2008—09 NECAP Science: Classical Item
Difficulty and Discrimination Indices by Item Type Across All Test Forms

5.2

Grade Statistic All MC CR
Difficulty 0.66 (0.15) 0.70 (0.13) 0.49 (0.14)
4 Discrimination 0.34 (0.09) 0.32 (0.07) 0.45 (0.08)
N 83 69 14
Difficulty 0.55 (0.16) 0.59 (0.14)  0.39 (0.12)
8 Discrimination ~ 0.37 (0.10 0.34 (0.07)  0.52(0.09)
N 83 69 14
Difficulty 0.53 (0.14) 0.56 (0.13) 0.39 (0.11)
11 Discrimination 0.35(0.12) 0.31(0.09) 0.55 (0.08)
N 83 69 14

All = MC and CR; MC = multiple-choice; CR = constructed-response

Differential ltem Functioning

Code of Fair Testing Practices in Education (Joint Committee on Testing Practices, 1988) explicitly
states that subgroup differences in performance should be examined when sample sizes permit, and action
should be taken to ensure that differences in performance are due to construct relevant, rather than irrelevant,
factors. Standards for Educational and Psychological Testing (AERA et al., 1999) includes similar
guidelines. As part of the effort to identify such problems, 2008—09 NECAP Science items were evaluated by
means of differential item functioning (DIF) statistics.

DIF procedures are designed to identify items on which the performance by certain subgroups of
interest differs after controlling for construct relevant achievement. For 2008—09 NECAP Science, the

standardization DIF procedure (Dorans & Kulick, 1986) was employed. This procedure calculates the
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difference in item performance for two groups of students (at a time) matched for achievement on the total
test. Specifically, average item performance is calculated for students at every total score. An overall average
is then calculated, weighting the total score distribution so that it is the same for the two groups. The criterion
(matching) score for 2008—09 NECAP Science was computed two ways. For common items, total score was
the sum of scores on common items. The total score criterion for matrix items was the sum of item scores on
both common and matrix items (excluding field test items). Based on experience, this dual definition of
criterion scores has worked well in identifying problematic common and matrix items.

Differential performances between groups may or may not be indicative of bias in the test. Group
differences in course taking patterns, interests, or school curricula can lead to DIF. If subgroup differences are
related to construct relevant factors, items should be considered for inclusion on a test.

Computed DIF indices have a theoretical range from -1.00 to 1.00 for multiple-choice items; those for
constructed-response items are adjusted to the same scale. For reporting purposes, items were categorized
according to the DIF index range guidelines suggested by Dorans and Holland (1993). Indices between -0.05
and 0.05 (Type A) can be considered negligible. Most items should fall in this range. DIF indices between -
0.10 and -0.05 or between 0.05 and 0.10 (Type B) can be considered low DIF but should be inspected to
ensure that no possible effect is overlooked. Items with DIF indices outside the -0.10 to 0.10 range (Type C)
can be considered high DIF and should trigger careful examination.

Tables 5-3 through 5-5 present the number of 2008—09 NECAP Science items classified into each
DIF category, broken down by grade, form, and item type. Results are given, respectively, for comparisons
between male and female, White and Black, and White and Hispanic students. In addition to the DIF
categories previously defined, “Type D” in the tables indicates not enough students in the grouping to

perform a reliable DIF analysis (i.e., fewer than 200 in at least one of the subgroups).

Table 5-3. 2008—-09 NECAP Science: Iltems Classified Into
DIF Categories by Grade, Test Form, and Item Type—Male Versus Female

Grade Form All All All All MC MC MC MC CR CR CR CR
A B C D A B C D A B C D
Common 37 7 0 0 26 7 0 0 11 0 0 0
01 9 1 0 0 8 1 0 0 1 0 0 0
4 02 10 0 0 0 9 0 0 0 1 0 0 0
03 8 1 1 0 7 1 1 0 1 0 0 0
04 8 1 0 0 8 1 0 0 0 0 0 0
Common 27 14 3 0 22 10 1 0 5 4 2 0
01 6 4 0 0 6 3 0 0 0 1 0 0
8 02 6 4 0 0 5 4 0 0 1 0 0 0
03 8 2 0 0 7 2 0 0 1 0 0 0
04 5 3 1 0 5 3 1 0 0 0 0 0
Common 34 9 1 0 26 6 1 0 8 3 0 0
01 9 1 0 0 8 1 0 0 1 0 0 0
11 02 8 2 0 0 7 2 0 0 1 0 0 0
03 7 2 1 0 6 2 1 0 1 0 0 0
04 7 1 1 0 7 1 1 0 0 0 0 0

All = MC and CR; MC = multiple-choice; CR = constructed-response; A = negligible DIF; B = low DIF; C = high DIF; D = not
enough students to perform reliable DIF analysis
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Table 5-4. 2008—09 NECAP Science: Items Classified Into

DIF Categories by Grade, Test Form, and Item Type—White Versus Black

Grade Form All All All All MC MC MC MC CR CR CR CR
A B C D A B C D A B C D
Common 37 6 1 0 26 6 1 0 11 0 0 0
01 9 1 0 0 8 1 0 0 1 0 0 0
4 02 6 4 0 0 5 4 0 0 1 0 0 0
03 8 2 0 0 7 2 0 0 1 0 0 0
04 6 2 1 0 6 2 1 0 0 0 0 0
Common 38 6 0 0 27 6 0 0 11 0 0 0
01 10 0 0 0 9 0 0 0 1 0 0 0
8 02 9 1 0 0 8 1 0 0 1 0 0 0
03 10 0 0 0 9 0 0 0 1 0 0 0
04 8 1 0 0 8 1 0 0 0 0 0 0
Common 42 2 0 0 31 2 0 0 11 0 0 0
01 6 4 0 0 5 4 0 0 1 0 0 0
11 02 7 3 0 0 6 3 0 0 1 0 0 0
03 8 0 2 0 7 0 2 0 1 0 0 0
04 7 2 0 0 7 2 0 0 0 0 0 0

All = MC and CR; MC = multiple-choice; CR = constructed-response; A = negligible DIF; B = low DIF; C = high DIF; D = not

enough students to perform reliable DIF analysis

Table 5-5. 2008-09 NECAP Science: Number of Items Classified Into

DIF Categories by Grade, Test Form, and ltem Type—White Versus Hispanic

Grade Form All All All All lv[e; lv[e; lv[e; MC CR CR CR CR
A B Cc D A B C D A B C D
Common 38 6 0 0 27 6 0 0 11 0 0 0
01 10 0 0 0 9 0 0 0 1 0 0 0
4 02 6 3 1 0 6 2 1 0 0 1 0 0
03 10 0 0 0 9 0 0 0 1 0 0 0
04 7 2 0 0 7 2 0 0 0 0 0 0
Common 33 11 0 0 23 10 0 0 10 1 0 0
01 8 2 0 0 7 2 0 0 1 0 0 0
8 02 9 0 1 0 8 0 1 0 1 0 0 0
03 9 1 0 0 8 1 0 0 1 0 0 0
04 8 1 0 0 8 1 0 0 0 0 0 0
Common 42 2 0 0 31 2 0 0 11 0 0 0
01 8 2 0 0 7 2 0 0 1 0 0 0
11 02 8 2 0 0 7 2 0 0 1 0 0 0
03 6 4 0 0 5 4 0 0 1 0 0 0
04 7 2 0 0 7 2 0 0 0 0 0 0

All = MC and CR; MC = multiple-choice; CR = constructed-response; A = negligible DIF; B = low DIF; C = high DIF; D = not

enough students to perform reliable DIF analysis

The tables show that the majority of DIF distinctions in the 2008—09 NECAP Science tests were Type

A, or negligible, DIF (Dorans & Holland, 1993). Although there were items with DIF indices in the high

category, this does not necessarily indicate that the items are biased. Both Code of Fair Testing Practices in

Education (Joint Committee on Testing Practices, 1988) and Standards for Educational and Psychological

Testing (AERA et al., 1999) assert that test items must be free from construct irrelevant sources of differential

difficulty. If subgroup differences in performance can be plausibly attributed to construct relevant factors, the
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items may be included on a test. Thus, it is important to determine whether the cause of this differential
performance is construct relevant.

Table 5-6 presents the number of items classified into each DIF category by direction, comparing
males and females. For example, the F/A column denotes the total number of items classified as negligible
DIF on which females performed better than males, relative to performance on the test as a whole. The
adjacent M/A column gives the total number of negligible DIF items on which males performed better than
females, relative to performance on the test as a whole. The N/A and P/A columns display the aggregate
number and proportion of negligible DIF items, respectively. To provide a complete summary across items,
both common and matrix items are included in the tally that falls into each category. Results are broken down

by grade and item type.

Table 5-6. 2008—09 NECAP Science: Number and Proportion of ltems
Classified Into Each DIF Category and Direction by Item Type—Male Versus Female

Grade g/epn; F/A  MA NA P/A F/B M/B N/B P/B F/C M/C NC P/C
4 MC 29 29 58 0.84 2 8 10 0.14 0 1 1 0.01
CR 14 0 14 1.00 0 0 0 0.00 0 0 0 0.00

8 MC 17 28 45 0.65 4 18 22 0.32 0 2 2 0.03
CR 6 1 7 0.50 5 0 5 0.36 2 0 2 0.14

11 MC 25 29 54 0.78 1 11 12 0.17 0 3 3 0.04
CR 9 2 11 0.79 3 0 3 0.21 0 0 0 0.00

F = items on which females performed better than males (controlling for total test score); M = items on which males
performed better than females (controlling for total test score); N = number of items; P = proportion of items; A =
negligible DIF; B = low DIF; C = high DIF; D = not enough students to perform a reliable DIF analysis; MC = multiple-
choice; CR = constructed-response

5.3 Dimensionality Analyses

Because tests are constructed with multiple content area subcategories and their associated knowledge
and skills, the potential exists for a large number of dimensions being invoked beyond the common primary
dimension. Generally, the subcategories are highly correlated with each other; therefore, the primary
dimension they share typically explains an overwhelming majority of variance in test scores. In fact, the
presence of just such a dominant primary dimension is the psychometric assumption that provides the
foundation for the unidimensional item response theory (IRT) models that are used for calibrating, linking,
and scaling the NECAP Science test forms for grades 4, 8, and 11.

The purpose of dimensionality analysis is to investigate whether violation of the assumption of test
unidimensionality is statistically detectable and, if so, (1) the degree to which unidimensionality is violated
and (2) the nature of the multidimensionality. Findings from dimensionality analyses performed on the spring
2009 NECAP Science common items for grades 4, 8, and 11 are reported below. (Note: Only common items
were analyzed since they are used for score reporting.)

The dimensionality analyses were conducted using the nonparametric IRT-based methods DIMTEST

(Stout, 1987; Stout, Froelich, & Gao, 2001) and DETECT (Zhang & Stout, 1999). Both use as their basic

Chapter 5—Classical Item Analyses 36 2008-09 NECAP Science Technical Report



statistical building block the estimated average conditional covariances for item pairs. A conditional
covariance is the covariance between two items conditioned on total score for the rest of the test, and the
average conditional covariance is obtained by averaging over all possible conditioning scores. When a test is
strictly unidimensional, all conditional covariances are expected to take on values within random noise of
zero, indicating statistically independent item responses for examinees with equal expected scores. Nonzero
conditional covariances are essentially violations of the principle of local independence, and such local
dependence implies multidimensionality. Thus, nonrandom patterns of positive and negative conditional
covariances are indicative of multidimensionality.

DIMTEST is a hypothesis testing procedure for detecting violations of local independence. The data
are first randomly divided into a training sample and a crossvalidation sample. An exploratory analysis of the
conditional covariances is conducted on the training sample data to find the cluster of items that displays the
greatest evidence of local dependence. The crossvalidation sample is then used to test whether the conditional
covariances of the selected cluster of items displays local dependence, conditioning on total score on the
nonclustered items. The DIMTEST statistic follows a standard normal distribution under the null hypothesis
of unidimensionality.

DETECT is an effect size measure of multidimensionality. As with DIMTEST, the data are first
randomly divided into a training sample and a crossvalidation sample (these samples are drawn independent
of those used with DIMTEST). The training sample is used to find a set of mutually exclusive and
collectively exhaustive clusters of items that best fit a systematic pattern of positive conditional covariances
for pairs of items from the same cluster and negative conditional covariances from different clusters. Next, the
clusters from the training sample are used with the crossvalidation sample data to average the conditional
covariances. The within cluster conditional covariances are summed, and from this sum the between cluster
conditional covariances are subtracted. The resulting difference is divided by the total number of item pairs,
and this average is multiplied by 100 to yield an index of the average violation of local independence for an
item pair. DETECT values less than 0.2 indicate very weak multidimensionality (or near unidimensionality);
values of 0.2 to 0.4, weak to moderate multidimensionality; values of 0.4 to 1.0, moderate to strong
multidimensionality; and values greater than 1.0, very strong multidimensionality.

DIMTEST and DETECT were applied to the spring 2009 NECAP Science tests for grades 4, 8, and
11. The data for each grade were split into a training sample and a crossvalidation sample. Each grade had at
least 30,000 student examinees. Because DIMTEST was limited to 24,000 students, the training and
crossvalidation samples for the DIMTEST analyses used 12,000 each, randomly sampled from the total
sample. DETECT, on the other hand, had an upper limit of 50,000 students, so every training and
crossvalidation sample used with DETECT had at least 15,000 students. DIMTEST was then applied to each
grade. DETECT was applied to each data set for which the DIMTEST null hypothesis was rejected in order to

estimate the effect size of the multidimensionality.
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The results of DIMTEST were that the null hypothesis was strongly rejected for every data set
(»<0.00005 in all three cases). Because strict unidimensionality is an idealization that almost never holds
exactly for a given data set, these DIMTEST results were not surprising. Indeed, because of the very large
sample sizes of NECAP Science, DIMTEST would be expected to be sensitive to even quite small violations
of unidimensionality. Thus, it was important to use DETECT to estimate the effect size of the violations of
local independence found by DIMTEST. Table 5-7 displays the multidimensional effect size estimates f