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"THE CHALLENGES OF TEST DEVELOPMENT"

Imagine that you must create a test of science knowledge and skills to be administered
to all fifth-grade students in your state or province. Based on the test results, reports of
individual students' mastery of the curriculum will be sent to parents and teachers.
Summary reports will also be sent to schools and school districts to help them evaluate
how well they are teaching the curriculum. You and your staff review relevant curriculum
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documents and compile a list of the things fifth-grade students should know and be able
to do. Your team begins to develop test items about the parts of the human circulatory
system, what happens when water freezes, why a pulley system works, how clouds
form, and so on. Most of the items you develop require the students to construct and
justify their responses. Only a few items are multiple-choice.

After developing and pilot testing a large number of items, you begin to assemble the
test. The pilot test showed that each constructed-response item takes about 10 minutes
to complete. The multiple-choice items take an average of 2 minutes. You and your staff
create a test that samples all areas of the science curriculum. It has 32
constructed-response items and 16 multiple-choice items. If your time estimates are
correct, the test will require almost 6 hours, plus time for the instructions, warm-up, and
breaks. The fifth-grade students will also be taking tests in other subject areas, so the
total testing time will be several times that.

You must decide what to do. You are being pressured to reduce the testing time to 2
hours, including instruction time and breaks. Your item writers, however, argue that a
test with fewer items will not adequately cover the curriculum. With fewer items, whole
sections of the curriculum might be omitted. Teachers and students might conclude that,
because they are not on the test, those parts of the curriculum are less important.

You consider replacing some of the constructed-response items with more
multiple-choice items. A mostly multiple-choice test could cover more content in less
time. However, you worry that multiple-choice items may fail to test the students' depth
of understanding and skill in applying knowledge. Such a test might cover more of the
curriculum, but superficially.

Each of the alternatives you consider requires a compromise. Adequate content
coverage, but too much testing time. Less testing time, but inadequate content
coverage. Faster items, but a lower quality assessment. You reason that your testing
program cannot be the only one facing these choices. What are other programs doing?
Are there other alternatives?

"THE CONCEPT OF MATRIX SAMPLING"

One approach to achieving broad curriculum coverage while minimizing testing time per
student is matrix sampling of items. Matrix sampling involves developing a complete set
of items judged to cover the curriculum, then dividing the items into subsets and
administering each student one of the subsets of the items. Matrix sampling, by limiting
the number of items administered to each student, limits the amount of testing time
required, while still providing, across students, coverage of a broad range of content.
A word about terminology: Popham (1993) labels the type of matrix sampling just
described item sampling. It is also possible to sample students, so that only some of the
students at a grade level take any test at all. This approach is used for the National
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Center for Education Statistics' National Assessment of Educational Progress in the
United States. And, of course, both items and students can be sampled an approach
that Popham calls genuine matrix sampling. Sampling of students may be possible in
some testing programs, but many require testing of all students. The recently enacted
No Child Left Behind legislation, for example, requires that all U.S. students in grades
three through eight be tested annually in reading and mathematics.

For the science test just described, the 32 constructed-response items and 16
multiple-choice items could be divided into four sets of items, each with eight
constructed-response items and four multiple-choice items. Each student could be
randomly assigned to take only one of the four sets of items. In this way, testing time
could be held to less than two hours and, across the four sets of items, the curriculum
would be adequately covered. Of course, the compromise would be that comparing
results across students would require extra work and might be difficult to explain to the
public. However, aggregated results at the school, district, and state/provincial levels
would be based on the full set of items that covered the curriculum.

A variation of matrix sampling helps with the problem of comparing results across
students. This variation is sometimes called partial matrix sampling. After a set of items
has been developed to provide adequate coverage of a content framework, a subset of
those items is selected to form the "common" items administered to all the students.
The remaining items are then matrix-sampled. Each student receives a form that
combines the common items with some matrix-sampled items. The common items help
to improve the comparability of student results, while the matrix-sampled items increase
content coverage per testing time (Dings, Childs, & Kingston, 2002). For the science
test, for example, four common constructed-response items could be chosen and the
remaining 28 constructed-response items divided into seven sets of four items each.
Similarly, the multiple-choice items might be divided into two common items and seven
sets of two items each.

"COSTS OF MATRIX SAMPLING"

Two issues that must be considered when deciding what design to use in a testing
program are content coverage and testing time. Additional considerations include such
issues as printing and scoring costs and the precision of student- and group-level
scores. These considerations can be thought of as different types of costs. The
companion Digest, Costs of Matrix Sampling of Test Items, presents nine categories of
costs more fully: development costs, materials costs, administration costs, educational
costs, scoring costs, reliability costs, comparability costs, validity costs, and reporting
costs.
With unlimited resources, all costs could be met and an optimal plan could be
implemented. However, resources are not unlimited. Every test design we consider,
therefore, involves a compromise. The various types of costs must be considered jointly
for two reasons. First, the costs are different in both kind and extent, but are
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interrelated. Limiting spending in one area may lead to costs in another area. For
example, developing fewer items may reduce development costs, but also reduce
validity a cost that should not be ignored. Second, the costs may not be equally
important. Some expenses may be more tolerable than others. For example, if the
stakes of a test are very high, then the reliability of the test will be very important and
other costs may be determined relative to a target reliability. If we need to derive both
student- and school-level scores, then that must be considered in selecting a test
design. The categories of costs should be considered with their inter-relatedness and
relative importance in mind.

"EXPLORING THE VIABILITY OF MATRIX
SAMPLING OF ITEMS"

How should state or provincial testing officials proceed if they are considering using
matrix sampling of items? As outlined in the previous section, every test design,
whether or not it involves a matrixed component, carries with it certain costs. The
various costs will be of differing levels of importance for different testing programs
depending on their circumstances. A testing program would want to examine the costs
in light of its mandate(s), the content of the tests, and the financial resources available,
among other considerations when choosing a design.
Clearly, a state's or province's choice of test design requires careful consideration of the
various costs associated with each possible design in relation to the testing program's
goals and constraints. Ideally, estimates of the reliability, comparability, and validity
costs could be based on pilot studies within the state or province or on data from similar
jurisdictions. Because every design represents a compromise in terms of one or more
costs, only by considering the various costs together can we hope to make the best
decisions.
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