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Test Item Measurement in Bridging-
Key Steps to Accurately Calculating Achievement Measures

Introduction:
An important component of the Bridging study involves the collection of achievement data using
sets of NAEP derived test items, as well as new items which reflect state and national standards in
science. From these test data, student achievement measures are computed, and these measures
are then in turn used for subsequent analyses which qtilize a varied array of data types (e.g.,
attitude; race; gender; social economic status).-hrthirpresentation7a -number -of-important- issues
involving test items will be discussed- 1) the monitoring of test items, 2) the targeting of test
items, and 3) the use of statistical methods which do not penalize students and allow flexibility
with tests. All of these issues are critical for the evaluation of students over a period of time.

The Issue:
A variety of studies investigating equity issues have utilized achievement data collected over a
period of time. This is often done to monitor the expansion and closing of achievement gaps
among groups of students. For instance, the gap in achievement between African American males
and white males, or the gap in achievement of Hispanics and African Americans. The techniques
used to document and understand these gaps have been outlined in a range of studies and
presented in a variety of published papers. Analysis steps within science education seem to follow
a set pattern. First- an argument is presented which outlines a rationale for the set of items
presented in achievement tests to subjects. This argument is commonly built around the use of
expert judges, the calculation of reliability values, and some discussion of validity. The second
common step involves the use of raw scores to calculate the performance of student abilities. The
third step is the use of a statical procedures to compare students throughout the course of an
investigation. Commonly the same test is used as a function of time.

The testing issues considered in Bridging present an improved technique of test data collection.
For instance, instruments need not be viewed as static once a project begins, but rather
instruments must be flexible (instruments can be improved over the course of a project). This and
other issues are of particular importance when one considers that in studies such as Bridging, new
information and guidance results from each year of data collection.

Selection, Development and Targeting of Test Items:
In many equity studies, achievement tests need to be developed and administered to students.
Often those test item banks are developed through the use of expert judges, teachers,
administrators, and national data. This technique, used in Bridging (and used in other studies) is a
realistic first step. However, many projects overlook two critical issues when developing and
using an item bank. First- items are often not carefully selected to measure the traits which are to
be monitored. Secondly, following the first round of data collection, many projects do not review
the test as a whole, and specific test items are not reviewed in terms of how well students'
achievement is being gauged. Third-projects often do not attempt to improve the test through the
development of new items, or the selection of added test questions using existing well piloted
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items.

In the Bridging study a number of steps were taken to optimize the development and use of the
test item bank.

Step I:
First- the initial Bridging item bank was developed using NAEP items. Only items that were
classified as being of "above" the knowledge (or factual level) were utilized. The reason for
excluding "knowledge" level questions was simply related to"tbe goal of/he stateSSI and the
goal of measurement with the test items namely the achievement test was not one which
sought an assessment of factual science knowledge, but rather was to be one which would
evaluate inquiry. The advantage of using NAEP items is that the items had been piloted, and
nationwide "p" values for each item exist. Although "p" values may not always be
generalizable to a state, the values do provide some broad guidance with respect to the ease or
difficulty of items. It does make sense to utilize experts for the development of test items,
however, it seems prudent to make use of well piloted items. Although techniques of spotting
and investigating items which may be biased racially and/or biased with respect to gender have
been improved in recent years, bias detection techniques used to improve the initial NAEP
item drafts, and develop final NAEP items certainly serve as a good starting point for item
selection.

Step
A critical issue in any evaluation effort is to measure at a variety of time points. However, it is
simply not enough to design a measurement device and collect data (without fail) using the
identical instrument from time point to time point. It is of great importance to evaluate how
well test items selected for the calculation of mean measures are working with the sample of
students. In our analysis of the initial 28 item science test developed for Ohio's SSI, and used
as a base for this study, we discovered that "difficult" and "easy" items needed to be added to
the test. There were a large number of poorly performing students, but not many items
targeted at their ability level. For instance, a large number of poorly performing students
typically correctly answered a very small number of items (e.g. 0-4 of 28). This meant, for
instance, among this group of students, it was difficult to differentiate performance. Likewise
many of the best perforriiing students correctly answered the same number of items correctly
(e.g. 25-28 of 28). This meant it was difficult to differentiate performance within this group as
well. As a result of this issue, items which were quite difficult and quite easy for year 2 testing
were added to the science test. When evaluating groups of students, which traditionally have
been poorly performing, this step in terms of test item bank maintenance is particularly
important- for one must work toward the most accurate gauging of student ability using a
reasonable and well targeted set of test items.

Step III:
Removing items from tests which appear to add little to the measurement of students is another
key step. To understand this issue, one must consider what an optimal test will look like in
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terms of item difficulty. Each item of a test should be uniquely difficult for the tested students.
A 30 item test should involve 30 items, each of which has a specific difficulty level. Items
should not be at approximately the same level of difficulty. When that is the case, the two
items on the test really operate as one, and do not add to what is revealed when evaluating the
test data. This step, one in which items are removed if they do not add to the precision of
student measures, is of particular importance when one wishes to collect authentic and useful
data from students who may not be motivated with respect to test taking, and may not be test
savvy. By shortening a test as much as possible through the removal of items which do not
differentiate students, a more supportive testing environment is created, and data provides
student ability measures of greater precision.

Step IV:
Monitoring Test Items
Monitoring test items in terms of difficulty and ease for students, and the distribution of those
items in terms of overlapping measurement, can add greatly to the precision of student
measurement. In addition to using the above mentioned techniques, differential item functioning
can be used to investigate the operation and interplay of test items. This technique, called DIF (for
differential item functioning) can be used to monitor items in terms of students as a function of
race and gender. In fact DIF can be used to evaluate the functioning of items in terms of any
subgroup. In terms of the Bridging study DIF has been used to specifically evaluate and monitor
items as a function of race and gender.

What is DIF and what does it tell you? To understand the issue of differential item functioning,
one must first consider what is assumed when a student's test score is used to compare groups of
test takers. On a 20 item test, one commonly assumes that the 20 items sample the tested latent
trait (e.g. inquiry science) in the same manner (more or less) for all the tested students. This does
not mean that all items are of the same difficulty for all students, but what it does mean is that the
way in which the items define inquiry science for a student (e.g. Billy) is the same as the way in
which the items define inquiry science for any other student (e.g. Mary Jo). The ordering of items
from most difficult to most easy is the same for both students. Another way to explain this, is to
consider the markings on a yardstick. Although the measure of Billy's total height may be
different from the measure of Mary Jo's total height with the yardstick, the ordering of the inch
marks on the yardstick is the same no matter who is being measured.

What does this really have to do with achievement measures of students in the Bridging study? In
Bridging we are particularly interested the performance of students as a function of gender and
race. If items within a test item bank do not function in the same manner among subgroups, then
this means that those test items define the latent-trait (the tested variable) in a different manner as
a function of subgroups. This can then influence the .calculation of students' ability measures, and
mean group ability measures.

In order to improve the Bridging item bank, so that potential bias could be monitored and
evaluated, a DIF analysis was conducted using the 1995, 1996 and 1997 test data. Plots which
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summarize this analysis are attached. The key aspect of these plots are to consider those items
which fall outside the 99% confidence interval bands. Those items are ones which may be
answered in a slightly different manner by boys and girls or African-Americans and whites.
However, if an item does differ as a function of gender one particular year--it does not mean that
particular item was easier or harder for boys than girls--rather it simply means the way in which
that item defined the trait of science measured by the set of test items may have differed as a
function of gender.

DIF AnalysislCompatison 'of the 1995;1996 -and 1997 science-tests)
Items that fall outside the 99% confidence interval bands are items that may define a slightly
different scale for the two compared groups. Figures 1-3 present the D1F analysis as a function of
gender, while figures 4-6 present the analysis as a function of race.

In general, item 4 of the science test in 1995 and 1996 seemed to measure males and females in a
different manner. But in 1997 this difference was not observed. This item involved the issue of
inertia.

Item 26 of the 1995 science test (numbered 17 in 1996 and 1997) was built around graph reading
and the issue of dinosaurs. Of all the science items evaluated in terms of gender and race, this item
exhibited the most consistent DIF, for it was present all 3 years.

Implications for the Observed DIF in Terms of Equity and Racial Issues

Differential item functioning is but one tool by which researchers can carefully monitor the
functioning of a test item bank and insure that a measurement device is being used which does not
favor one group or another. There can be, as one might expect, differences from year to year in
the way in which items define a latent-trait. Due to this issue, it seems most prudent to monitor
items before they are removed as the result of DIF analysis. In the case of this study, the dinosaur
science item was removed from the calculations of student performance, since DIF analysis
revealed questionable functioning of this item for three years.

Step V:
Linear Metrics, Missing Data

Commonly, evaluation efforts use raw scores of student performance on tests to measure
students. However, the difficulty with the use of raw scores is that often a non-linear metric is
provided. This in turn can greatly effect subsequent calculations. Another problem with the
use of raw scores, is that there can be a problem with the issue of missing data. Raw score
calculations often force the counting of "items not attempted" as wrong. However, if the goal
of a study is to not penalize less savvy test takers (often minority students), then it is critical to
use analysis techniques that do not penalize students when a test is not completed. By this we
mean, not to count missing data against students. In this study we have utilized IRT techniques
(e.g. TIMSS, CTB/McGraw Hill Terra Nova) to calculate student measures on a linear scale.
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This has enabled us to utilize parametric equations, and to not penalize students who did not
complete the test.

Step VI:
Finally, in terms of carefully measuring students it is important to be able to monitor tests,
alter tests, and link tests together. By altering tests, students can be measured with greater
precision, and by linking tests one is able to monitor students' growth on one single metric. By
utilizing common items across each year (1995 to 1996, 1996 to 1997) students' performance
can be expressed on one metric. This is the same technique which is now used by
CTB/McGraw Hill to equate differing forms of their newly developed Terra Nova exam.

Conclusion:
Achievement measure are, and should be, an important component of equity studies. However, it
is critical to consider some of the steps followed in the Bridging study. By considering the
targeting of test items, revising items, monitoring differential item functioning, and linking test
item banks- careful measures of students can be made and then utilized in subsequent calculations.

c: \u \discover\narst.98

7

5



2

1

Lo
0)
a)
ct
E 0
a)

LL
I

-05
Cl')

1

-2
-2 1

Figure 1

0

Sci-Male 95

8

1 2



1

CD
0)
CD

cz5

E 0
a)

11_

C.50

1

-2
-2 1

Figure 2

0

Sci-Male 96

9

1 2



0)

E
a)
LL

cr

-3

Figure 3

0

S-Male 97

10

1 2



1

1

1

Figure 4

0

Sci-Afr.Am 95

11

1 2



2

1

1

-2
-2 1

Figure 5

0

Sci-Afr.Am 96

1 2



-2 -1 0 1

Figure 6

S- Afr.Am 97

13

3



U.S. Department of Education
Office of Educational Research and Improvement (OERI)

National Library of Education (NLE)
Educational Resources Information Center (ERIC)

REPRODUCTION RELEASE
(Specific Document)

I. DOCUMENT IDENTIFICATION:

IC

Title:
Ppm IleAAure,0,0,-; i N pr,15)/A- Sekdedi

1404 Ppir /Az PP419vrP/ntiv11 I nit/41(1/14.
Auttior(s): LAPT4P-1 fur Sy 4 emr Pe ray,"
Corporate Source:

II. REPRODUCTION RELEASE:

Publication Date:

Arj 60 19q g

In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents announced in the
monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced paper copy,
and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit is given to the source of each document, and. if
reproduction release is granted, one of the following notices is affixed to the document.

If permission is granted to reproduce and disseminate the identified document please CHECK ONE of the following three options and sign at the bottom
of the page.

The semis stidter shown below will be
affixed to ell Level 1 documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS

BEEN GRANTED BY

so
TO THE EDUCATIONAL RESOURCES

INFORMATION CENTER (ERIC)

Lent 1

Check here for Level 1 release. emitting reproduction
and dissemination In microfiche or other ERIC archival

media (e.g. electronic.) and MP! copy.

Sign
here,-)
please

The ample sticker shown below will be
affixed to all Level 2A documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE. AND IN ELECTRONIC MEDIA
FOR ERIC COLLECTION SUBSCRIBERS ONLY.

HAS BEEN GRANTED BY

2A

\e

Sadc

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 2A

Check here for Level 2A .1..... permitting reproduction
and dissemination in microfiche and In efectroft media

for ERIC archival collection subscribers only

The sample sticker shown below wit be
affixed to all Level 28 docurnimb

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE ONLY HAS BEEN GRANTED BY

2B

\e

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 28

Cheek Mre for Level 28 Meese. WNW,*
reproduction and dissemination in microliche only

Documents wIll be processed as indicated provided reproduction quality permits.
permission to reproduce is granted. but no box is checed. doom ents will be processed at Level 1.

IP

I hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate this document
as indicated above. Reproducticin from the ERIC microfiche or electronic media by persons other than ERIC employees and its system
contractors requires permission from the copyright holder. Exception is made for non-profit reproduction by libraries and other service agencies
to satisfy information needs of educators in response to discrete inquiries.

S Omani :

1/0 MA. A^. &11"..k-
CWStaruzationi :

-5.(2041( 1"441k/t4 ,/Pri/41/
ft0Gi3 / I I/0

T
;11i ji aid; e ? famtt [11,,

Mot- t;_54- Mid,
FAX I).- 651-8 ft

,,,,,koom. etpg g
E44.1 Adas:

e fewer)



Share your ideas With Colleagues
Around the World

Submit your conference papers or other documents to the world's
largest education-related database, and let ER9C work for you.

The Educational Resources Information Center (ERIC) is an international resource funded by the U.S.
Department of Education. The ERIC database contains over 850,000 records of conference papers, journal
articles, books, reports, and non-print materials of interest to educators at all levels. Your manuscripts can
be among those indexed and described in the database.

Why submit materials to ERUCT

Visibility. Items included in the ERIC database are announced to educators around the world through
over 2,000 organizations receiving the abstract journal, Resources in Education (RIE); through access to
ERIC on CD-ROM at most academic libraries and many local libraries; and through online searches of
the database via the Internet or through commercial vendors.

Dissemination. If a reproduction release is provided to the ERIC system, documents included in the
database are reproduced on microfiche and distributed to over 900 information centers worldwide. This
allows users to preview materials on microfiche readers before purchasing paper copies or originals.

Retrievability. This is probably the most important service ERIC can provide to authors in education.
The bibliographic descriptions developed by the ERIC system are retrievable by electronic searching of
the database. Thousands of users worldwide regularly search the ERIC database to find materials
specifically suitable to a particular research agenda, topic, grade level, curriculum, or educational setting.
Users who find materials by searching the ERIC database have particular needs and will likely consider
obtaining and using items described in the output obtained from a structured search of the database.

Always "In Print." ERIC maintains a master microfiche from which copies can be made on an "on-
demand" basis. This means that documents archived by the ERIC system are constantly available and
never go "out of print." Persons requesting material from the original source can always be referred to
ERIC, relieving the original producer of an ongoing distribution burden when the stocks of printed copies
are exhausted.

So, how do 9 submit materials?

Complete and submit the Reproduction Release form printed on the reverse side of this page. You have
two options when completing this form: If you wish to allow ERIC to make microfiche and paper copies
of print materials, check the box on the left side of the page and provide the signature and contact
information requested. If you want ERIC to provide only microfiche or digitized copies of print
materials, check the box on the right side of the page and provide the requested signature and contact
information. If you are submitting non-print items or wish ERIC to only describe and announce your
materials, without providing reproductions of any type, please contact ERICJCSMEE as indicated below
and request the complete reproduction release form.

Submit the completed release form along with two copies of the conference paper or other document
being submitted. There must be a separate release form for each item submitted. Mail all materials to
the attention of Niqui Beckrum at the address indicated.

3or further information, contact...

Dr. William John Boone, Ph.D.
Psychometrician, Science Educator

3068 W.W. Wright Education Building
Indiana University

Bloomington, IN 47405-1006

(812) 856-8132 (0) wboone@ucs.indiana.edu
(812) 856-8440 (fax) wboone@IUBACS

Niqui Beckrum
Database Coordinator
ERIC/CSMEE
1929 Kenny Road
Columbus, OH 43210-1080

1-800-276-0462
(614) 292-6717
(614) 292-0263 (Fax)
ericse@osu.edu (e-mail)


