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FOREWORD | -

The NCDPI Division of Avtountability Services/Research; in cooperation with the NCDPI
Division of Ciitficiihim and Instruction Sel'wces,has ‘developed diagniostic achievemerit lests
of basic skills for publi¢ school students in Grades 3,6, and 8; survey-achievement tests.of
Science and Social Studies for students if ‘Grades ?; 6, and '8; and high-school course
achieveinent tests fot students taking Algebra I, Aigebra T onlogy, ‘Chemisiry, English I,
Geomnétry, Physics, and U.S. History. Physical Sciénce and Economic, Legal -and Political
Systems will be added in 1991, aid othet tests ate: being planned *

To facilitate the proper technical use of the test scoris obtained from theadministration of the
tests, the cuiricular and psychometric characteristics of the tests are described in aseries of
technical thanvals. This thanual, the é-eighith in the series, contains a description of the
charatteristics of the North Carolina Test of Geometry:.

*Readers who have an intetest in the origins of the test development program are referred to the North Carolina
Elementary and Secondary Reform Act of 1984, the North Carolina Basic Educatioh Program, the North Carolina
Standard Course of Study, and the Teacher Handbook

*Page i ] | ‘NCT<Geometry
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Description

TheNorth Carolina Testof Geometry NCT-Geometry) was developed for useas anachievement
test following the completior: of the Geometry course of study. Its design serves a dual
purpose: that of a normative measurement of student achievement and that of an objective-
based measurement of curriculum coverage. - ~

The measurement of student achievement is attained by administering a set of items based on
a basic core of 55 objectives and a set of five objectives selected randomly from 10 variable
objectives (one item per objective tested). This test design was necessitated because of a large
number of objectives to be covered in a limited administration time. The measurement of
curriculum is met by the same set of items that cover the basic set of objectives taught in the
Geometry course of instruction. Four forms of the testare administered in each classroom, one
form per student. Under this system, a fourth of the students in the classroom will take Form
1 of the test, a fourth will take Form 2, and so on (see Table 1).

Table 1
Organization of the North Carolina Test of Geometry

55 Basic Objectives
5 Variable 5 Variable 5 Variable 5 Variable
Objectives Objectives Objectives Objectives
60 Items 60 Items 60 Items 60 Items
Form 1 Form 2 Form 3 Form 4

The normative student scores are based on the 60-item total score. Curriculum assessment is
achieved by combining the results from all four forms of the test administered at one time for
a total of 240 items.

Technlcal Manual Page 1




Validity

The development of a Geometry achievemer:t test has two' purposes. The first.is-to.obtain.

scores from which inferences may be drawn concerriing. the degree-of.success a particular
student, classroom, school, or school district has-hadiin:mastering the.Geometry. curriculum.
The second is to assess the degree to whichi the cutriculunv hasibeen'mastered by studentsin
the aggregate: To the extent this can be done meanihgfully, testscores may be saidito be valid.
Thus, one inference drawn from a test-score may be valid, while-another may not.

Theoreticians state that only inferences concerning test scores may be said: to-have: validity.
Generally, readers understand this, and this manual.will employ the convenient shorthand of
speaking about “test validity” rather than “inferences:about achievement drawn fromscores
obtained from tests.”

Tustvalidity is a predominant theme in test development, from the-time the idea for a test is
conceived until the final test scores have been analyzed and interpreted. The validity of a test
concerns what the test measures and how well it does so. For convenience, the various
components of test valicity will be described as if they were unique, independent components
rather than interrelated parts. The first component of test validity to be described will be
curricuiar validity.

Curricular validity

If a test is to be used to measure the degree to which a course of study has been mastered, the
first step is to define the curriculum, In the case of Geometry, this was done through a
cooperative effort, led by NCDPI Program Services/Division of Curriculum and Instruction
Services, involving curriculum specialists, teachers, administrators, university professors, and
others. The result was alist of 14 goals encompassing 97 objectives (see Appendices A and B).
Supported by expert opinion and a statewide consensus, these goals and objectives were
approved by the State Board of Education in 1985 as the basis for instruction in Geometry.
Curricular validity, the first step in establishing test validity, was established by this method.

Instructional validity

Abasiccourseof study may notinclude all of the objectives taught under various circumstances
in Geometry. For example, some advanced classes may.cover material that would be beyond
the reach of 95% of all Geomnetry students. For this reason, it becomes importan to know just
what is being taught in the majority of Geometry classes in the state. To determine this, all
Geometry teachers in North Catolina were surveyed in May 1986 (N = 915). The analysis of
results was based on 749 responses, or 82% of all possible responses.

o ‘Pogez , NCT-Geometry




The Geometry teachers examined the 97 objectives anid noted whether they taught each
objective every year and whether each objective *vas basic to instruction. Of the objectives, 86
were rated asbasic to instruction by atleast 50% of theresponding teachers. After deliberation
by curriculum specialists, 22 of the Geometry objectives wereremoved from further assessment
for various, reasons (for example, they involved geometric constructions or they concerned
advanced topics in coordinate geometry). During the item writing process it was determined
that one goal encompassing seven objectives (geometric constructions) and three-other
objectives (two-column format proofs, indirect proofs, and trigonometric relationships) should
not be assessed by a multiple-choice achievement test. It was determined that the remaining
13 goals and 65 objectives formed the basic curriculum for Geometry.

The objéctives used in test development are listed in Appendix A and the objéctives that wete
rejected for use arelisted in Appendix B, together with th:= proportion of teachers judging each
one as basic.

Instructional validity, the second step in defining test validity, was established by these
procedures. It defines the inferences that can be drawn from the Geometry scores.

In summary, it was concluded that curricular and instructional validity depended jointly on
the 13 goals and 65 objectives under which they were collected and that the Geometry test
should be built on that foundation.

Content validity

Content validity—the degree to which test items reflect the basic instructional program—is a
quality commonly referenced in‘evaluating achievement tests. Content validity is builtinto a
test from the beginning, and the procedures relating to the content validation of the North
Carolina Test of Geometry are described below.

Content validity of the item pool. The content validity of theitem pool was defined through
a number of operations:

First, the item pool for the Geometry test was created in 1987. It was specified that the pool
would have 750 items, with 10items per objective. For four objectives, the items to be written
were specified to be in proof format (3.5 and 3.6—10 out of 10 items; 8.2—4 out of 10 items; and
9.6—5 out of 10 items). The items were developed by ten North Carolina Geometry teachers
trained in the technical aspects of item-writing. The use of classroom teachers from across the
state helped to insure that instructional validity was maintained, since the items would be
drawn from their classroom experiences. All total, 721 multiple choiceitems and 29 proofitems
were written for the Geometry item pool.

Second, theitem pool was edited for grammar, synta., psychometric form, linguistic bias, and
subject area content. Four multiple choice and nine proof items were deleted from the
Geumetry item pool at this time.

Technical Manual . i0 Page 3




Third, the item poo! was analyzed by curriculum specialists and classroom teachers to assure
that the items were valid representations of the objectives for which they were written. Each.
item was reviewed by eight classroom teachers—one fiom each-of the educational regions
across the state. The criteria for evaluating each item included the following: |

* conceptual—objectivematch, fair representation,lack of cultural bias, clear statement,
- single problem, one best answer, commen context infoils; eachi foil credible -
* language—appropriate for age; correct punctuation, spelling, and grammar; lack of
excess words; no stem/foil clues; no negatives.in foils
e format—logical crder of foils; familiar presentation style, print size, and type; correct !
mechanics and appearance; equal foil lengths
* diagram—necessary, clean, relevant, unbiased

Four multiple choiceitems were deleted from the Geometry item pool at this time. The 80 items
written for objectives 10.4and 13.8-13.14 dealing with trigonomefry and geometricconstructions
were held for development at a later time. ‘

Fourth, the items were collected into ten test forms for field testing. Although the forms were .
not the final forms of the North Carolina Test of Geometry, they were organized in such a way ¥
that the objectives were represented equitably across.all forms. Each form contained 72 or 73
multiple choice items and two proof items. Ten of the multiple choice items were common
across all forms of the test for the purpose of ability equating should that become necessary.
Dueto the procedure and time involved in scoring the two proof items, the decision was made
that proofs would be assessed by a separate five-item test administered in the early spring.
These items will not be discussed further in this manual.

Fifth, test administration instructions were written, distribution procedures were organized,

and administrators were trainsd to conduct the test administration. Thetest admiristration )
organization used to administer statewide testsin North Cerolina was employed to do the field E
testing. The administration of the field test forms followed the routine eventually expected to

be used when the test of record was given.
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Sixth, a sample of 7,973 students was selected to take the ten field test forms containing a total

of 623 items. To irsure broad representation, schools were selected from each of the eight

North Carolina educational regions and were representative of the state based'on criteria that

were judged to be at least partially related to Geometry ability levels—school performance on

the 1987 NCT-Algebraland NCT-Algebral. The ten field tests wereinterleaved in all student

samples, producing an even spread of ability across all of the tests. Consequently, each item .
was answered by approximately 707 students (the number of students pe field test form }
ranged from 655 to 744).
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Seventh, the field test data were analyzed using both the classical psychometricmodel and the
one-parameter Rasch model (results were generated from the BICAL computer program).
Eighteen statistics were assembled for each item, i.e., p-value, Rasch difficulty index, adjusted
Rasch difficulty index, standard error of the mean, fit mean-square, item validity (point-
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biserial correlation), and the item characteristic curve groupings. Item bias due to gender or
ethnicity was examined by computing the partial correlation between the item score and
gender/ethnicity while controlling for total score. :

The item statistics were submitted to computer analysis using a program designed to scan a
range of statistics for an item and print out an appropriate psychometric notationbased on the
criteria that had been built into the program specifically for Geometry. Anitem was classified
as “too hard” if the p-value was less than .30 or as “to0 easy” if the p-value was greater than
93. An item was said to have “weak prediction” if the point-biserial correlation was less than
.18. Anitem wassaid to havear “entrapment choice,” a “marginal top group,” oran “inverted
ICC” if the item characteristic curve groupings displayed certain irregularities. An item was
said to exhibit potential “gender” bias if the partial correlation with gender was more extreme
than + .133, and to exhibit potential “ethnic” bias if the partial correlation with ethnicity was
more extreme than +.1375.

Tie content of Geometry cannot be represented by a single factor. Therefore, naximization of
item-total (point-biserial) correlations was not a goal of item development. Once an item was
shown to have at least modest correlation with a corrected total score (.18 or greater) and was
judged tomeasurean objective, it was included in the item pool. While this may havereduced
thepotential internal reliability as measured by coefficientalph-, itincreased the validity of the
test by allawing for an objective factor structure that was npt expected to be unitary.

This information was placed on the item record, which became the basic document to which
allotherrecordsarereferred. Theitemrecord contains the goal, objective, historical information,
a copy of the item itself, the item fizld-test statistics, and the psychometric notations. Eachitem
has a separate item record.

The psychometric notations were reviewed and decisions were made about the adequacy of
theitems. Thedecisions were then conveyed to curriculum specialists, who also reviewed the
items and reached a decision about their curricular adequacy. The psychometric and
curricular decisions concerning the item’s adequacy for usein test development were included
on the item record.

Of the 623 items field-tested in 1988, 74 (12%) were deleted from the item pool. Incontent areas,
these items are usually cuscarded. In Geometry, it was felt that an analysis of defective items
was possible, and that the curriculun specialist could revise or rewrite the items to bring them
within a usablerange of values. Of the 74 deleted items, 68 were revised or rewritten for future
use. Therevised items were employed randomly throughout the selection of items for testsin
order toassure that their effects would fall equally across all forms. The revised Geometry item
pool contained 617 items for future test development.

Content validity of the tesi. After a consideration of the logistics involved, it was decided
to prepare eight complete core tests (60 items) for administration in May 1989. Each core test
was based on a random selection of items fre m the 55 Geometry core objectives, for a total of
55 items randomly chosen fiom the approved item pool (one item per objective). The five
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additional items were randomly chosen fromr: the: ten: variable: objectives (one: item per
objective): Thus, thecontentof the test.coresdirectiy reflectedall of thie decisions thathad been:
made earlier. ‘

This method:of itemi:selection is.a:modified! domairesamplitig model with: the various.cores:
randomly equivalent. The>domairn: samplirng: model ift. its: pure: form is: highily inefficient
becauseitallows theenuyﬁfi"tems‘tﬁat'are‘grosslyih;pﬁmpgﬁtéfbnhmmativemeasmjement—'-
items that no orie can ariswer or that everyone-can: arewer, oritemstat have:psychometric
deficiencies of a more coniplex form. In thie modificationused Fere; the domain of items. was:
limited-to those itentis that Had satisfactory psychometricand curricular cRaracteristics:. This:
was deterntined' by the analyses of. the iten field: test: diata,, which: was: used: to: verify the:
psychometric and' curticular adequacy of the-itens pool and to- direct where item revisions:
should be'made.

After the 60-itemi core tests were assembled, they werereviewed by one curriculum supervisor:
and two teachersin each of the eight educational regions.. Thecriteriaforevaluating each core
test included the following:

¢ that the content of the test should reflect the:goals and: cbjectives.taught

. thattheitems‘shoul'd-bedéarIyandoon‘ciSelywx-i'tﬁen;and’tﬁevocabuIanyappropriate‘
to the farget age level “ : o

* that thecontentshouild be balanced inrelation toethnicity, sex, socioeconomicstatus,
and geographic district of the'state: :

* that each item should have one and only one answer that is: right;: however, the
distracters should appear plausible forsomeone whohasnotachieved masteryof".e
represe..ted objective

The ratings of the 1989 North Caroliria Test of Geometry (Cores 1-8) were highito superior on.
all of the criteria. '

Although the initial equating of the core tests depended upon the random: selection of items.
from the item pool, the final equating was based on thestatistics obtained:at the time the first
test of record was administered (see Table 2). This second psychometric analysis, described
next, was used to eliminate random differences among the cores and thus facilitate the
precision of measurertient from one year fo another and from one form fo.another:

Standardization sample. The first North Carolina Test of Geometry consisted of eight forms
(Cores 1-8) administered sitnultaneously, eactt form cortfaining 60 uniqueitems. This test was
administered to 43,325 North Carolina Geometry students in May 1989. The state norm
population comprises these 43,375 studerits.

The eight forms of the test (Cores 1-8) were interleaved in all classrooms, and this prodiced
an even spread of ability actoss all of the forms. The agreement of the mean core tests
supported the view that theinitial equating process deséribed above was successful (see Tables
2and 3). '
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Table 2

Core Development of the North Carolina Test of Ceome’rry

Core

Process

Mean of
P-values for
All trems

SD of
P-vaiues of
- All tems

Sum of
P-values of
All ltems®

Design
Field Test
Statewide Test
Equate

" Design.

. BtatewideTest

Equate
besign.
Statewide Test
Equate

. ‘Statewide Test .-

Equate
Design.
Statewide Test
Equate

- Design. © .
Statewide Test -

Equate
Design
Statewide Test

Equate

M . - .
.
L o S )
851 .
,
rafartete? & o

‘StatewideTest
Egrate .

602
630
622
627
o2

)
i -

627
601
624
627

- . =
a . .
-\
" .
5 .
v

. '.. v \‘
022

:
B2

&

601
604
627
XS
@8
6
601
622
627

) '.6”2'7’ P

3 :
[PV PSR
! A <
S .
e .
A £ N
.

;
A

’ /'. .
T, D AP
R ,
Py . il o
TS
. . ,
s b e Zaedd
oA ks
L. M

199
155
198
196
173
172
170
175
171
173
185
191
188 -
179
177
183
152
152
152
168
169
171
a7
182

32.52
37.77
37.29
37,60
32:50
38.49
37.60
33.03
37.46
37.60
32.97
37.33
37.60
33.63
36.24
37.60
33.64
37.69
37.61
33.04
37.34
37.60
3298
38.70
37.60

'Sum of p-values for Design Process based on all non-revised items. The number of revised or new items per
form ranged from four to six.
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Concurrent validity. of the-test

When the 1989 North:.Carolina Test 6ﬁGebmemy.wasadhﬁhiStexed;,.Géomem}g teachers:were
askedtoindicate theexpected final letter Zradeforeacl studentinteirclass: Figurelidisplays.
a comparison. of: letter: grades: it Geometry: and: the: mean: NCT-Geometry: core: score-
corresponding to each fetter gradefor the.overail'student pepulation:. Thefigurecorresponds
closely to:expettationand adds to the evidence concerning, the:validity of the:test..

ol ) t
55
507 48:90
o |
&
g a5
E 4
G
O 4
il
=
S
v o
§ 35
wn
g
§ 301
25
20-
15 L 1  § L L4
A B: c D: F
Anticipated:Gecmetry Course:Grade:
Figure 1. Comparison:of:létten‘gradés.beacherstexpected‘istud’entszto
receive-andiscores'subsequently earnedion: the:60:item
1989North Carolina: Test of Geometry—Cores. 1-8'
(N = 43;067).
o aged NCT-Geomet:y
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Method for Deriving Test Scores

Item informaation was available to support t the classical scoring model and the Rasch sconng
model. The classical scoring model gives unitary weightto eachitem;a correctchioiceaddsone
to the total score; an incorrect choice adds:zero. The one-parameter Rasch miodel also uses
unitary weighting, (The two- anid three-parameter item response se models give more credit for
ancwering some iterns correctly and less credit for-answering other items correctly. These
models assume that each item has a fundamental, unchanging difficulty level.)

¢

The classical scoring model was utilized to'score theNorth Carolina Testof Geometry because
itis fundamentally sound, simple to use, and easy to interpret. Each student’s score consists
of tl.e sum of the right answers to the 60 items.
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Rehabxh’ry cmd Other S’fahshcs

The descnptwe statistxcs, the standard érrors of. msﬂmma\t,»ﬂ\e Alternate form:reliability
estittiates, and the alpha reliability eoefficients for the first statewide administration of the
North Carolina Test of Geometry in-May-1989-(Cores ’l‘-ﬁ) aregivenin Table 3.

To détéfrhine the alteFhate form rehabxhty, a mdom samplke of: 827 students-was sefected to
parncnpatemtheﬁeldteshng 'romsme‘broad epresentatiun, sciools were selected fromeach
of the cight North Carolina educational regmhs andm npmenhhve of thestaté basedon

critefia that was ;udged 1o be at Jeast px akd: to y-ability levels-—-—echool-
perforifiance on the 1988 NCT-Algebra: Im&NCl". Algebra I A ‘tokal of 713 studentsin 13
schools actually participated if the core fdld testing and wmxdmimumd(:m 1 wuMay

1989. The agre¢ment between the miean core’ field vest {Core' 1) of the sample Rroup (mean =
37.77 -and s = 9.32) and the state norm inean {agpregated-actoss Cores 1:8-see Table 3)
indicates that thefield coresam kw&m&&w&%%&mﬁmﬁm@qs&d&t
population. Sample students’ scores on Core 1 and the eight cores administered statewide
were rhatthed-and cor!related?p obtam ‘estitnates of the alternatcform. nehablhty of theNorth
Carolina Test of Ge@meﬁy

The alternate form reliabilii - estimaies Obtained from the small matched samples ‘were
averaged through z-scote transformations to obtain amore stableestimate of the reli: sbility.
The average weighted alternate form teliability of the NC'{‘~Geomeu'y is i83. The alpha
reliability estimates have a ‘mean value 'of 90. The 1989 ¢ore scores are symmetrically
distributed about a mean of 37.5, or62:5% correct (see Figife 2).
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Table 3 N .
Descriptive Statistics of the 1989 North Carolina Test of Gecmetry

\ Reliability
Core N Mean SO  Medioan se° Altemate Coefficient
Form® “Alpha
89/1-8 43325 37.5 10.3 37 4.25 83
1 5,630 37.4 9.85 37 3.27 89
2 5,588 38.5 10.06 39 3.18 90
3 5,552 37.5 10.36 37 3.28 90
4 5,446 37.3 10.03 37" 3.17 90
5 5,403 362  11.08 36 3.32 91
6 5,315 377 1052 38 3.33 90
7 5,243 37.3 10.17 37 3.22 90
8 5,148 38.7 9.76 38 3.24 89

*Based on the internal consistency estimate of reliability where available.

®Matched samples of students administered Field Core 1 and one of the eight cores statewide
(n=713). Form 1, n =90; Form 2, n = 87; Form 3, n = 88; Form 4, n=82; Form ., n = 89;
Form 6, n = 83; Form 7, n = 85; and Form 8, n =77.
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For practical purposes, the proper measure of reliability is the alternate form reliability. The
caiculation of this statistic requires that two or more equivalent forms of the test be developed.
The older alternate forin reliability procedure required the development of one form, which
was then “cloned” to obtain a second, alternate form of the test. A judicious selection of
alternate items was recommended to prevent direct memory transfer from the administration
of one test toits alternate form. But the possibility remained that errors of selection in the first
form would be duplicated in the second form. A newer procedure requires that the tests be
truly equivalent—that is, that two or more tests be developed in exactly the same way, but
independentofoneanother. This permits the reliability coefficient toreflectany random errors
in selection made in the development of either of the test forms.

The alternate forms developed for the North Carolina Test of Geometry reflect this newer
procedure. That is, each test form is developed from the domain of items in exactly the same
manner. Any failure of the alternate form reliability to be 1.00 reflects the following:

e ‘rait instability not following from maturation or instruction
* instrument instability resulting from fallible test development procedures
» administrative instability reflecting different testing occasions

The square of the alternate form reliability coefficient accurately reflects the maximum
proportion of variance one can legitimately expect to predict from the actninistration of the
North Carolina Test of Geometry (r* = .83? = .69) when test scores are compared across time or
with other measures of student abilities or personality traits that have similar reliabilities. In
brief, the alternate form reliability coefficient is the-statistic to use when correcting for
attenuation.

Technical Manual ' . 20 Page 13
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Of special significance to the comparison of students scores across time is the equivalence of
the core tests (Cores 1-8). While the initial equating process was successful, the eight cores
were not exactly equivalent. Small random differences in item difficulty that generally occur
between field testing and statewide testing were exhibited. These differences could be
adjusted statistically by previding a separate set of norms for each test. A simpleand efficient
alternativeis toredevelop the cores slightly so that even small différences are eliminated. With
this technique, a single norms table can be used with all eight core tests.

The eight North Carolina Test of Geometry cores were administered in May 1989. The item
difficulties for all 480 items based on large random samples (approximately 5,400 students
responded to each item on the eight forms) wereavailable to the test developer. Toaccomplish
the final equating, items were exchanged between core tests to yield total scores that were
equivalent for all eight tests. A total of 24 items were exchanged, while maintaining all of the
decisions concerning the design of the test that had been made previously (see Table 2).

The adjustments to the core tests assure continuity of the norms table for future years while
providing different test items each year. The typical administration procedure for the
NCT-Geometry will be to administer four of the eight forms of the test per year (see Table 1).

The different test items prevent the loss of confidentiality, and therefore validity, that occurs
with the continued use of the same items. Students scores havea common reference point from
1989 onward, barring .hanges in the definition of the basic instructional program.
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Curriculum Assessment

TheNorth Carolina Test of Geometry is composed of items representing the 55 basic objectives
and fiveitems representing the ten variable objectives (as discussed earlier—see Table 1). All
60 items contribute to the individual student scores and to curricular assessment. Items
representing a variable objective were answered by half of the students. )

Atthe classroom level, 240 items are answered during each test administration by an average
of six students. This procedure provides a database of approximately four items per objective
across six students. From this database of information, evidence of how various portions of the
curriculum are being mastered in the classroom may be drawn. At the school, school district,
and state level, the 240 items are answered by a much larger number of students: over 11,000
students per item. This assures a more stable measurement, but does not include a larger
number of objectives or items. The accumnulation of item and cbjective information depends
upon measurement across successive years.

The measurement afforded by the ten variable objectives (five items per form, for a total of 20
items) is critical to assessing curriculum mastery at the classroom, school, school district, and
state levels. Each year of test administration adds tq the database and gives a more detailed
and comprehensive picture of curriculuin success.




Content of The Test

TheNorth Carolina Test of Geometry is objective-referenced; thatis, itsreferenceis toa domain
of objectives. This domain is mapped over a domain of items, where the items reflect the
objectives, equalin kind and number except for random fiuctuations. The Geometry tests were
designed to achieve an even assessment across all objectives considered basic toinstruction in
Geometry; in short, eack: basic objective was represented by the same number of items. This
design is consistent with the concept of a-domain of cbjetives mapped over by a domain of
iterns. Although the objectives have unit weighting, the goals are weighted by the number of
objectives assigned to them. From empmcal analyses, this is a traditional aspect of curriculum
development: the more important a goal is considered to be, the greater number of objectives
that will be developed for it. Thus, an iindérlying §ystem of weights exists for the curricular
goals.

Appendix A lists each goal and objective and the numerical item representation for each
objective as it appeared on the 1989 North Carolina Test of Geometry (Cores 1-8). Inaddition,
the proportion of teachers rating each objective as basic to instruction in the Geometry
curriculum is listed.

Tables 4 through 11 list the difficulty level for all items on the 1989 North Cazulina Test of
Geometry (Cores 1-8) in terms of p-values (proportion cf all students answering the item
correctly).
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Table 4 :
item Difficulty by ttem Number for the 1989 NCT-Geometry—Core 1
item # P-value tem # P-value item # P-value
1 89 21 959 41 58
2 89 22 71 42 42
3 82 23 55 43 53
4 82 24 89 44 35
5 47 25 57 45 77
6 62 26 74 46 36
7 .36 27 67 47 51
8 78 28 86 48 .79
9 87 29 42 49 55
10 .60 30 Sl 50 36
11 36 31 81 51 37
12 .89 32 63 52 66
13 29 33 82 53 44
14 95 34 74 54 42
15 .80 35 56 55 12
16 87 36 .89 56 73
17 90 37 91 57 46
18 5S4 38 71 58 .36
19 73 39 45 59 56
20 52 40 40 60 A5
Technical Manual ’4 ) Page 17




Table §
item Difficulty by item Number for the 1989-NCT-Geometry—Core 2
ltem # P-value ltem # P-valug ‘tem # P-value
1 59 21 44 41 55
2 90 22 75 42 50
3 27 25 o8 43 73
4 76 24 59 44 44
5 65 25 40 45 55
6 52 26 53 46 69
7 44 27 .89 47 .80
8 74 28 86 48 86
9 .76 29 43 49 52
10 62 30 42 50 69
11 52 31 45 51 76
12 82 32 95 52 94
13 94 33 81 53 50
14 74 34 .61 54 60
15 72 35 42 55 78
16 85 36 47 56 24
17 71 37 70 57 62
18 73 38 75 58 71
19 93 39 53 59 47
20 70 40 53 60 42
, Page 18 o5 NCT-Geometry
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: Table 6 . )
: item Difficulty by tem Number for the 1989 NCT-Geometry—Core 3
l
k/ ltem # P-value ftem # P-value ltem # P-value
{ 1 64 21 75 41 51
C 2 85 22 55 42 50
3 77 23 73 43 66
4 81 24 85 44 54
5 45 25 .61 45 50
6 62 26 80 46 44
7 79 27 58 47 72
8 61 28 .59 48 78
9 80 29 45 49 26
10 D1 30 65 50 53
11 36 31 .67 51 49
12 59 32 97 52 71
13 86 33 66 53 40 ;
14 .88 34 57 54 52 :
15 .89 35 56 55 55
16 88 36 38 56 26
17 97 37 58 57 71 :
18 73 38 55 58 A7 N
19 48 3¢ 46 59 86
20 57 40 60 60 37 o

¥~  Technlcal Manual ’6 Page 19

e




o
Lordar. gl 2

27

Table 7
ftem Difficulty by ltem Number for the 1982 NCT-Geometry—Core 4
ltem # P-value ittem # P-value tem # P-value -
1 74 21 73 41 42
2 36 2 .88 42 53
3 26 23 54 43 -
4 90 24 91 44 44
5 B84 25 76 45 77
6 52 26 85 46 50
7 70 27 92 47 83
8 93 28 05 48 50
9 .58 29 68 49 84
10 63 30 43 50 72
11 32 31 44 51 28
12 85 32 81 52 95
13 77 33 38 53 47
14 .70 34 A7 54 57
15 32 35 53 55 35
16 61 36 33 56 41
17 78 37 79 57 55
18 62 38 86 58 73
19 56 39 64 59 52
20 68 40 78 50 34
"age 20 NCT-Geometry
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Table 8
item Difficulty by tem Number for the 1989 NCT-Geometry—Core ]
ftem # P-value ltem # P-value ltem # P-value =
1 52 21 46 41 42
) 2 69 22 44 42 58 K
3 59 23 49 43 39 b
4 85 24 73 44 52
5 63 25 73 45 45
6 92 26 56 46 65 ¥
7 .89 27 .68 47 90 T
8 78 28 62 48 42 =
9 89 29 61 49 .59 3
10 53 30 50 50 - 81 :
11 51 31 42 51 39 *
12 85 32 .68 52 74
13 77 33 .82 53 .39 .
14 75 34 61 54 51 S
15 53 35 89 55 .39 ;
16 75 36 51 56 32 5
17 43 37 .78 57 .51
18 75 38 55 58 38
19 74 39 31 59 48
20 91 40 39 60 14

Technical Manual o 28 Page 21




Table 9
ftem Difficulty by tem Number for the 1489 NCT-Geometry—Core 6
item # P-value itern # P-value ltem # P-value
1 51 21 76 41 51
2 52 22 60 Iy} 58
3 48 23 66 43 53
4 77 24 64 44 44
5 34 25 64 45 .63
6 74 26 62 46 31
7 78 27 69 47 61
8 87 28 59 48 73
9 89 29 57 49 81
10 63 30 65 50 65
11 78 31 52 51 50
1z 57 32 89 52 45
13 92 33 81 53 62
14 80 34 70 54 70
15 50 35 93 55 67
16 . 52 36 52 56 32
17 53 37 86 57 52
18 78 38 41 58 88 .
19 54 39 47 59 50
20 67 40 54 0 46
' Page 22 NCT-Geometry
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Table 10
item Difficulty by item Number for the 1989 NCT-Geometry—Core 7
tem # P-value tem # P-value item # P-value
1 81 21 76 41 58
2 81 22 71 42 83
3 82 23 37 43 43
4 53 24 79 44 46
5 76 25 79 45 50
6 91 26 87 46 .66
7 75 27 57 47 31
8 34 28 .65 48 55
9 91 29 43 49 93
10 o1 30 81 50 75
11 59 31 46 51 .35
12 52 32 55 52 41
13 90 33 .65 53 51
14 77 34 .69 54 53
15 60 35 .39 55 60
16 70 36 .55 56 50
17 90 37 39 57 84
18 71 38 44 58 63
19 .61 39 46 59 48
20 73 40 55 60 43
Technical Manual Page 23




Table 11
. ltém Difficulty by ttem Number for the 1989 NCT-Geometry—Core 8 T
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- ltem # P-value ftem # P-value ltem # P-value | ;

: 1 54 21 71 41 55
2 49 22 81 42 75 .l
¢ 3 .88 23 56- 43 51 < i
g 4 89 24. 84: 4 St
5 82 25 49 45 37 : };1
: 6 33 26 74 46 41
7 40 27 47 47 69" "4
’ 8 87 28, 67 48 51 -]
9 91 29 49 53 :

10 61 30
11 48 31
i2 85 )
= 13 90 33
i4 92 34
15 90 35

] 16 94 36 56 58
17 89 37 57 85
18 70 38 53 58 45
19 83 39 53 59 63
20 82 40 58 60 28

50 50-
51 .55
52 52
53 83
54 54
55 53
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Test Norms

Students who answer all 60 of the Geometry items correctly could be assumed to be excellent
Geometry students. If everyone-answered all of the items correctly, however, a different
interpretation would be placed on the scores. At some point, scores must have a reference
group grounded in the experience of all students. In some respect, everything is good or bad
by comparison. Norms tables provide this reference. Given a norms table, a student’s score
can becompared witi: viher students’ scores.

Norms tables commonly have two points of reference: a scale of percentiles and a scale of
standard scores. The former permits the location of a score within percennle ranks; thus a
student s said to have exceeded the performance of 80% of the students in the norm group (in
this case, Geometry students who took the North Carolina Test of Geometry in May 1989). The
latter, standard scores, permits the location of a score within normally-distributed standard
scores. This reference is appropriate if the student abilities are believed to be normally
distributed. In a normal distribution, raw scores are given greater and greater weight as they
diverge from the mean in eithe: direction.

The choice of ametric for the standard scoreis arbitrary. To avoid inappropriateand confusing
comparisons with some of the more common metrics, such as those employed in IQ scores or
NCE scores, a metric having a mean of 50 and a standard deviation of 10 was chosen. Most
curriculum research studies involving the summation of scores will find the standard score to
be the most useful statistic.

The norms table for student scores on the North Carolina Test of Geometry is given in Table
12. These scores set a baseline of comparison for present and future achievementin Geometry.
Thus, a student score in 1990, 1991, and future years, can be referenced to the scores of all 1989
Geometry students in North Carolina.

In summary, the utility of a test is determined by its statistical equivalence of core tests from
year to year, its broad sampling of the curriculum across time, and its initial norms table.
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Table 12 =
Nomns for Student Scores on the North Carolina Test of Geometry :
Raw Score Percentile Standard Score®

60 99 718

59 99 709

58 99 69.9 .

57 98 689

56 97 68.0

55 96 670 -

54 94 66.0

53 93 65.0

52 91 64.1

51 89 63.1

50 87 62.1

49 85 61.2

48 82 60.2

47 80 59.2

46 77 58.3

45 74 573

4 71 56.3

43 68 55.3

42 65 544

41 62 53.4

40 59 524

39 55 515

38 52 50.5 .

37 49 49.5 . :

36 45 485 ;

35 42 47.6

34 38 46.6

32 35 45.6

32 32 447

31 28 43.7

30 25 427

29 22 417

28 20 408 -

27 17 398

26 15 38.8

25 12 379

24 10 369

23 8 359

22 7 35.0 \

21 5 340

20 4 33.0 -

19 3 320

Less Than 19 2

*Adjusted to a mean of 50 and a standard deviation of 10.0.
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Appendix A

Test Content—Iltem Represenfaﬁon by Gecl dﬁd Objééfve

o %ofTeechefs
e No. et Reparting
Goal/Obj Description 1989 &s.BGsics
Goal 1 The learner will state the chardétéfistics of sets
of points.
1.3 Identify and naine uriioii$ and ifitérsections of 8 91.08
sets of points. ' .
1.5 Find the length of a segrient. 8 99.39
1.7 Idvnhfy the midpoint of a  given seginént. 8 99.09
19 Determine wheh fwo anglés afe congiiiéiit. 8 99.70
1.10 Idennfy interiors afid exteiiors of geometic 8 96:93
figures. ,
1.1 Idéntify the bisector of an angle. 8 95.39
Goal 2 The learnier will use the strictiital properties of
the teal humber.
2.1 State and use the properties of egiiality: - 8 96.04
2.2 State and use the properties of iriequality. 8 86.28
Goal 3 The learner will develop geometric proofs:
3.1 Translate a geometric statément into an “1i- 8 94.31
Then Staternent.” ‘ _ ) o
3.2 State thé converse of a conditional statement. 8 92.38
33 State the hypothesis and cofélusion for a 8 94.80
conditiohal stateitient. i N
34 Usé the process of deductive feasoning in 8 84.31

mathematical and non-mathématiéal sifiiations.

*Percentage of North Carolina Geometry teachers rating the objéctive as basi¢ to instruction i Geoinetry.
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% of Ieachers

No. ltems Reporting
Goal/Obj Description 1989 as Basic®
Goal4 The learner will use scme of the properties of
angles and lines to develop proofs and solve
exercises.
4.2 Classify an angle. 8 100.00
4.3 Identify adjacent and vertical angles. 8 99.59
44 Determine the complement and supplement of 8 99.69
a given angle.
4.5 Apply the Angle Addition Postulate. 8 96.31
4.6 Apply the Segment Addition Postulate. 3 92.28
(Definition of Petweenness)
Goal 5 The learner will recognize perpendicw.r lines
and planes and use this information to
complete proofs and exercises.
5.1 Apply definitions of perpendicular lines and 8 98.78
planes.
Goal 6 The learner will recognize parallel lines ard
planes and use this knowledge to complee
proofs and exercises.
6.1 Identify parallel lines and planes, and skew 8 99.70
lines.
6.2 Identify corresponding angles and alternate 8 99.09
interioz angles which are formed when twe
parallel lines are cut by a transversal.
6.3 State conditions under which lines are parallel. 8 98.17
6.4 State which angles are congruent when two 8 98.78
parallel lines are cut by a transversal.
6.5 Identify which angles ars supplementary when 8 97.57

two parallel lines are cut by a transversal.

*Percentage of North Carolina Geometry teachers rating the objective as basic to instructicn in Geometry.
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% of Teachers

No. ltems Reporting
Goal/Obj Description 1989 as_ Basice
Goal 7 The learner will identify polygons and

complete proofs and exercises related to them.

7.1 Classify a triangle according to its sides. 8 99.39

72 Classify a triangle according to its angles. 8 99.39

7.3 Classify a polygon according to the number of 8 98.47
its sides or angles.

74  Classify a.convex polygon according to the 4 74.77
measure of its angles.

7.5 Apply the fact that the sum of the measures of 8 99.69
the angles of a triangle is 180.

7.6 Find the measures of the exterior-angles of a 8 96.32
triangle.

7.7 Find the measures of the interior and exterior 8 90.21
angles of a convex-polygon.

7.8 Apply the characteristics of various 8 92.00
quadrilaterals.

Goal 8 The learner will identify congruent triangles

and con:plete proofs and exercises related to
them.

8.1 List the corresponding parts of two congruent 8 99.39
triangles.

82 Use various postulates and theorems to prove 8 96.95
two triangles are congruent and their
corresponding parts are congruent.

8.3 Identify the altitudes and medians of triangles. 8 96.94

84 Apply the theorem about the segmerit joining 8 87.16
the midpoints of two sides of a triangle.

8.5 Apply the theorem about the intersection of the 4 57.19

medians of a triangle.

*Percentage of North Carolina Geometry teachers rating the objective as basic to instruction in Geometry.
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% of Teachers

No. ltems Reporting
Goal/Obj Description 1989 as Basic®
4 Goal 9  Thelearner will demonstrate when two
; polygons are similar and develop proofs and
% - solve exercises related to them.
f 9.1 Identify regular polygons and determine the -8 98.78
: measures of the angles.
: 9.2 Solve a proportion. 8 99.03
9.3 Use proportions to solve geometric problems. 8 97.08
: 94 Find the geometric mean of two numbers. 8 93.20
9.5 Determine whether or not two polygons are 8 94.16
; similar.
9.6 Frove two triangles are similar. 8 93.19
; 9.7 Apply properties of similar triangles to find 8 94.89
: corresponding proportional sides.
3 9.8 Apply theorems which involve dividing 8 79.56
: segments proportionally.
‘ Goal 10 The learner will state some of the characteristics
~ of aright triangle and solve excrcises related to
: them.
10.1 State two relationships that exist in a right 8 95.57
triangle.
10.2 Use the Pythagorean Theorem and its converse 8 99.51
to find the lengths of the sides of a right
triangle or a quadrilateral.
10.3  Use the relationships that exist in special right 8 95.63
triangles to solve problems.
Goal 11 Thelearner will list some characteristics of a
circle and develop proofs and solve exercises
related to them.
11.1 Use the definitions of a circle and the lines and 8 98.29
segments related to it.
11.2 Recognize polygons inscribed in or 8 91.50

circumscribed about a circle.

*Percentage of North Carolina Geometry teachers rating the objective as basic to instruction in Geometry.
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‘ % of Teachers -
No.ltems  Reporting .
";

Goal/Obj Description 1989 as Basice
113  Apply the properties involving arcs and angles 8 95.87
of circles. '
114  Apply the theorems about the chords of a circle, 8 94.17 -
115 Apply the theorems that relate to the tangents; 8 91.29 :
secants, and radii of a ~ircle.
Goal 12 The learner will find the perimeter, area, and
volume of geometric figures.
121  Find the perimeter of a geometric figure. 8 99.03
122 Compute the area of a triangle, parallelogram, 8 97.82
trapezoid, and rectangle.
123 Find theratio of both the areas and the 4 66.91
perimeters of similar triangles.
124 Compute the apothem, radius, and area of 4 72.57
special regular polygons,
126 Compute arc lengths and the areas of sectors of 4 74.27
acircle.
12.7  Identify and describe space figures. 4 54.00 ‘
128 Compute the lateral area, total area, and 4 57.87 N
volume of a right prism or pyramid. ' :
129 Compute the lateral area and volume of a right 4 57.42 .
circular cylinder or cone.
Goal 14  The learner will investigate some of the
properties of coordinate geometry.
141 Write the coordinates for a point in the , 8 78.10
coordinate plane.
142 Virite equations.for vertical and horizontal lines 4 71.53
in the coordinate plare. t
143 Use the distance formula to solve problems. 8 75.37 )
144 Use the midpoint formula to find the . 8 75.43 ;
coordinates of the midpoint or endpoint of a N
segment.
14.7 Write an equation for a line which is parallel or 4 56.45
perpendicular to a given line.

*Percentage of North Carolina Geometry teachers rating the objective as basic to instruction in Geometry.
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Appendix B

Goails and Objectives Rejected for Use

% of Téachers
Reporting
Goal/Obj Description as Basice
Goall Thelearner will state the characteristics of sets of
points.
11 Identify and name sets of points, such as line, ray, 99.79
segment, and plane.
1.2 Draw representations of points, lines, and planes. 99.39
14  Find the coordinate of a point on a line. 97.87
1.6 Identify congruent segments. 99.79
1.8 Usea protractor to find the measure of an angle. 87.20
Goal3 The learner will develop geometric proofs.
25 Write a proof using the two-column format. 96.32
3.6 Write an indirect proof. 59.20
Goal4 The learner will use some of the properties of angles
and lines to develop proofs and solve exercises.
4.1 Use three letters, a number, or a single letter to name 100.00
an angle.
4.7 Recognize congruent angles. 99.08
Goal 10 ' The learner will state some of the characterjstics of a
right triangle and solve exercises related to them.
104 Use a table and/or calculator to apply the definitions 76.54

of sine, cosine, and tangent to solve right triangles.

“Percentage of North Carolina Geometry teachers rating the objective us basic to instruction in Geometry.
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% .of Teachers

Gool/Obj Description i -asBasic® ¥
Goal 12 Thelearner will find the perimeter, area, and volume- “
of geometric figures.
125 Compute the circumference and area of a circle. 96.61 T
Goal 13 Thelearner will complete a geometric construction 2
and describe the locus of a point or points.
13.1 Construct a segment congruent to a:given segment. 7494 :
13.2  Construct an angle congriient to a given angle. 73.61 “
13.3  Construct the bisector of an angle. 74.33
134 Construct a line perpendicular to a line througha 73.61
poirton theline. :
13.5 Construct a line perpendicular to a linethrough a 73.54
point not on the line.
13.6 Construct the perpendicular bisector of a segment. 7264
13.7 Construct a line parallél to a line through a given 68.93
point.
13.8 Construct the tangents to a circle from a point outside 48.43
the circle.
13.9  Circumscribe a circle about a friangle. 49.27
13.10 Inscribe a circle inside a triangle. 48.18
13.11 Dividea segment into a gi ‘en number of congruent 45.32
segments.
13.12  Given three segments, construct a fourth segment 26.65
such that the lengths of the four segments are
proportional.
1313 Construct a segment whose length is the geometric 24.02
mean between the lengths of two given segments.
13.14 Construct quadrilaterals which meet certain criteria. 27.21 -
13.15 Construct a circle through three non-collinear points. 23.04
Percentage of North Carolina Geometry teachers rating the cbjective as basic to instruction in Geometry.
. Pogedd NCT-Geometry
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% of Teachers

equation.

Réporting
Goal/Obj Descriptiocn as Basice
Goal 14 The learner will investigate some of the properties of
coordinate geometry.
14.5 Find the slope of the line given two points on the line. 65.94
14.6 Find the slope and y-intercept of a line. 63.26
148 Write the equation and draw the graph of line when 55.96
given either two points on the line, one point and the
Jlope of the line, or the slope and y~intercept of the
line. g
149 Use coordinate geometry to prove some of the 25.37 w
properties of polygons. : E
14.10 Write an equation of a circle given its center and 41.99 g
radius length.
14.11 Find the center and radius length of a circle given an 41.50

#Percentage of North Carolina Geometry teachers {‘ating the objective as basic to instrustion in Geometry.
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