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The research design for the development of TerraNova, The Second Edition had two
phases: tryout and national standardization.

■ The tryout phase involved large samples of students across the country and provided
empirical information about the quality of the tryout items. On the basis of these
data, the best items were selected to appear in the final forms of the TerraNova CAT
Multiple Assessments, Complete Battery, Survey, Plus tests, and the new TerraNova
Algebra test.

■ The standardization phase involved administration of these final forms to large,
nationally representative samples of students and provided the normative data. 
These studies are described in the following sections.

For a more complete explanation of the research design,
see the Technical Bulletins for TerraNova, The Second
Edition.

Item Tryout
All of the items developed for the TerraNova CAT
assessments were administered to samples of students in
public and private schools across the country in the spring
and fall of 1998. More than 100,000 students were
involved in the tryout. In addition to the new items being
tried out, each tryout book included anchor items selected
from the corresponding test and level of TerraNova
CTBS. These anchor items were used to link the
TerraNova CAT tryout items to the TerraNova scale
and to obtain estimates of national performance. 

Tryout items were administered at several different grades. For example, items thought
to be appropriate for Grade 5 students were tried out at Grades 4, 5, and 6. Gender
and ethnicity of the participating students were also considered during this tryout
phase to identify any potentially biased items. Empirical information about the quality
of the items obtained in the tryout studies was used to select the best items for the
final tests. Data obtained in the tryout studies were analyzed as described below.

Parameter Estimation
Assessments in the TerraNova family include both selected-response and constructed-
response items. Because these types of items have different characteristics, two
different Item Response Theory (IRT) models were used in analysis of the tryout data. 

Research Design for 
TerraNova, The Second Edition
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A three-parameter logistic (3PL) model was used for
selected-response items. A two-parameter partial
credit (2PPC) model was used for constructed-
response items.

■ The 3PL model defines each selected-response
item in terms of three parameters: item difficulty
or location, item discrimination, and the
probability of a correct response by a very low-
scoring student.

■ The 2PPC model defines each constructed-
response item in terms of two parameters: item
discrimination, and a difficulty or location
parameter for each score point assigned to the
item.

For introductory discussions of IRT, see Bock (1977) or Chapter 11 in Allen & Yen
(1979). For more advanced discussions of partial credit models, see Muraki (1990,
1992), Yen (1993), and Patz and Junker (1999).

CTB uses the 3PL and 2PPC models instead of the one-parameter, or Rasch model.
Our extensive research has found systematic differences in the item discriminations of
selected-response and constructed-response items. (See Fitzpatrick, Link, Yen, Burket,
Ito, & Sykes, 1996.) The Rasch model, which assumes that all items are equally
discriminating, cannot accommodate these differences. In contrast to the Rasch
model, the IRT models that CTB uses are more flexible and more accurately represent
student performance on items of different types.

The IRT models used in analysis of the tryout data were implemented using
PARDUX, a PC-based parameter estimation software application developed at CTB
(Burket, 1991). PARDUX estimates parameters simultaneously for right/wrong
(dichotomous) and multipoint (polytomous) items using marginal maximum
likelihood procedures implemented with the Expectation-Maximization (EM)
algorithm (Bock & Aitkin, 1981; Thissen, 1982). Extensive simulation studies and
comparisons have shown that PARDUX provides as precise or more precise parameter
and ability estimates when compared with the results of other programs.

Differential Item Functioning Analysis
To minimize item bias, the tryout items were analyzed for differential item functioning
(DIF). The degree to which items seemed to be functioning differently from the
reference group was assessed for each focal group, using the Linn & Harnisch (1981)
procedure implemented by PARDUX. Based on our analysis, each item was assigned a
DIF rating. Item DIF ratings were used in the test construction process to produce
final tests with average DIF ratings that were better than the average DIF rating for
the entire pool of available items.

Item Selection
Item selection for this new edition of TerraNova was performed by content experts and
reviewed by the psychometric staff at CTB. TerraNova CAT was designed to be an 
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alternate form in the TerraNova family. That is, TerraNova CAT measures the same
constructs in the same way that TerraNova CTBS does. As a result, what is learned
about a student’s knowledge, skills, and abilities would be the same if either TerraNova
CAT or TerraNova CTBS were administered. Consequently, an important criterion of
item selection was to meet the content specifications of TerraNova CTBS.

Developers selected items with statistical characteristics that were most similar to those
of the items in TerraNova CTBS. To assist this process, the test developers used
ITEMSYS, a PC-based software application developed at CTB (Burket, 1988), to
select the final test items for our new TerraNova series.

ITEMSYS creates an interactive connection between the CTB developer and the test
item database. The program monitors the impact of each decision made during the
item selection process and offers a variety of options for grouping, classifying, sorting,
and ranking items by highlighting key information as it is needed. (See Green, Yen, &
Burket, 1989.)

ITEMSYS-based item selection consists of four tasks:

■ Initial screening. The test developer selects a working item pool of manageable size
from the larger tryout pool of items. ITEMSYS allows the test developer to track a
variety of detailed information about each item, including the content objective to
which the item is assigned, a descriptive phrase about the item, the association of the
item with a passage or stimulus, a DIF rating, the item parameters, and a fit rating
that indicates how well the data for this item fit the IRT model. The developer
screens this pool for appropriateness to the target grade range and eliminates items
that are clearly inappropriate.

■ Test selection. Once this initial screening is complete,
the developer uses the working pool to select the items
for the test. Typically, the developer begins by
specifying the number of items to be included in the
test and the required number of items for each
content objective. Based on these specifications,
ITEMSYS automatically selects the best possible
statistical combination of items for the test. These
automatic selections can then be used as a reference
set to which subsequent selections can be compared.

■ Statistical analysis. Next, the developer examines
the selected test to identify problems, including
whether the test is too easy or too difficult for the
target grade, contains DIF items, or does not
match a parallel test form. To facilitate this
process, ITEMSYS provides detailed graphic and statistical
summaries on DIF, model data fit, standard error of measurement (SEM), 
and other test characteristics.

■ Iterative review. A test developer works in collaboration with the research staff to
ensure that the best items are selected. The flexibility and utility of the ITEMSYS
program encourage multiple reviews to fine-tune the selection.
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