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FOREWORD

The NCDPI Division of Accountability Services/Research, in cooperation with the NCDP!
Division.of Curriculum and Instruction Services, has developed diagnostic achievement tests
of basic skills for public school students in Grade§ 3, 6, and 8; survey achievement tests of
Science and Social Studies for students in Grades 3, 6, and 8; and high-school course
achievement tests for students taldng Algebra I, Algebra II, Biology, Chemistry, English I,
Geometry, Physics, and U.S. History. Physical Science and EconOmic, Legal, and Political
Systems will be added in 1991, and other tests are being planned.a

To facilitate the proper technical use of the test scores obtained from the administration of the
tests, the curricular and psychometric characteristics of the tests are described in a series of
technical manuals. This manual, the seventh in the series, contains a description of the
characteristics of the North Carolina Test of Chemistry.

'Readers who have an interest 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 Education Program, the North Carolina

Standard Course of Study, and the Teacher Handbook.
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Description

The No! thCarolinaTestofChemistry(NCT-Chemistry) Was developed for use as an achieVeMent
test follOwing the cotyledon AI -the; Chet*try:diukso:of study Its CleSign .serves a-dual
purpose that of a norinative ineaSurethent of student achievement land-ofari obWctive,baSed-
measurement of curriculum.coverage.

The Measurement of student achievement iS attained by administeringa basic core of 60 items,
to all students. The measurement of currituluin isinef.by an additional 40 items that- vary
across the four forms of the test. All four, forms oftheteSt, each form containing the same 60
core items and 40 variable items,.are adadnistered ineach'classroOmione forni-,per student.
Under this system, a fourth Of the studentS in a ClassrOOm will takeForms1 of the.test, a fourth
will take Form Z and so on (see Table 1).

Table 1
Organization of the North Carolina Test of Chemistry

60 Core Items

40 Variable Items 40 Variable Items 40 Variable Items 40 Variable Items

100 Items
Form 1

100 Items
Form 2

100 Items
Form 3

100'Items
Form 4

The normative student scores are based on the 60 core items that all forms have in common.Curriculum assessment is achieved by combining the results from all four forms, which
provides an assessment based on the 60 core items + 4(40 variable items), or 220 items in all.

Technical Manual
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Validity .

The development of, a Chemistry achieveinent test has two purposes. The first is to obtain
scores from which inferences may be drawn concerning_the. degree- of success a particular
student, classroom, school, or school distriahas had in mastering the Cherdistry curriculum.
The second is to assessihe degree taWhich-the curriculum:hasl?een mastered by students in
the aggregate To the extent this can be done meaningfully,,test scores may be said to 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 Willemploy the cOnvenient shorthand of
sealdng about-"test validity" rather than "inferences aboutachievement drawn from scores
obtained from tests."

Test validity 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. For convenience, the
various components of test validity will be destribed as if they were unique; independent
components rather than interrelated parts. The first coMponent of test validity to be described
will be curricular validity.

Curricular validity

Ifa 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. Ir the case of Chemistry, that 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 a list of nine goals encompassing 37 objectives (see the Appendix)..
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 Chemistry.
Curricular validity, the first step in establishing construct validity, was established by this
method.

Instructional validity

A basic course of study may not include all of the objectives taught under various circumstances
in Chemistry. For example, some advanced classes may cover material that would be beyond
the reach of 95% of all Chemistry students. For this reason and several others, it becomes
important to know just what is being taught in the majority of Chemistry classes in.the state.
To determine this, all Chemistry teachers in North Carolinawere surveyed in September 1987
(N = 498). The analysis of results was based on 289 responses, or 58% of all possible responses.

The Chemistry teachers examined the 37 objectives and noted whether they taught each
objective every year and whether each objectivewas basic to instruction. 30 of the objectives
were rated as basic to instruction by at least 55% of the responding teachers. After deliberation
by curriculum specialists, it was determined that the 9 goals and 30 objectives formed the basic
curriculum for Chemistry and the remaining seven objectives would only be used for

Page 2 ,NCT-Chemistry
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curriculum assessment, not for students' scores. The objectives are given* in the Appendix
together with the proportion of teachers judging each one as basic.

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

In summary, it was concluded that curricular End instructional validity depended jointly on
the nine goals and 37 objectives under which they were collected, and' that the Chemistry test
should be built on that foundation.

Content validity

Content validitythe degree to which test items reflect the basic instructionalprcgramis a
quality commonly referenced in evaluating achievement tests. ,Content validity is built into a
test from the beginning, and the procedures relating to the content validation of the North
Carolina Test of Chemistry are described below.

Content validity of the item pool (Phase One). The content valiciliy of the item pool was
defined through a number of operations:

First, the item pool for the Chemistry test was created in 1987. It was specified that the pool
would have 1,221 items, with 33 items per objective. The items were developed by 14 North
Carolina Chemistry teachers trained in the t2chnical 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, 1,185
items were actually written for the Chemisty item pool.

Second, the item pool was edited for grammar, syntax, psydtometric form, linguistic bias, and
subject area content. Nine items were deleted from the Chemistry item pool at this time.

Third, the item pool 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 teachersone from each of the eight-educational
regions across the state. The criteria for evaluating each item included the following:

conceptualobjective match, fair representation, lack of culturalbias, clear statement,
single problem, one best answer, common context in foils, each foil credible .
languageappropriate for age; correct punctuation, spelling, and grammar; lack of
excess words; no stem/foil dues; no negatives in foils
formatlogical order of foils; familiar presentation style, print size, and type; correct
mechanics and appearance; equal length foils
diagramnecessary, clean, relevant, unbiased

164 items were deleted from the Chemistry item pool at this time.

Technical Manual Page 3



Fourth, the items were collected into 12 test forms forfield testing. Although the forms were
not the final forms of the North Carolina Test of Chemistry, they were organized in such a way
that the objectives were represented equitably acria&-i all formS. Each form contained 92 to 96
items, 10 of which were coramonacross all forms for the purpose of ability equating should that
become necessary.

Fifth, test administration instructions Were written, distribution procedures were organized,
and administrators were trained to conduct thetest administration. The test administration
organization used to administer statewide tests in NorthCarolina was employed to do the field
testing. The administration of the field test forms followed the routine eventually expected to
be used when the test of record was given.

Sixth, a sample of 8,654 students was selected to take the 12 field test forms containing a total
of 1,012 items. To insure broad representation, schoolsmere selected from each of the eight
North Carolina educational regions andwere representative of the state based on criteria sthat
were judged to be related at least partially to Chemistry ability levelsschool performance on
the 1987 NCTAlgebra II and the 1987NCTBiology. The 12 field tests were interleaved in all
students samples, and this produced an even spread of ability across all of the tests.
Consequently, each item was answered by approximately 721 students (the number of
students per field test form ranged from 666 to 761).

Seventh, the field test data were analyzed using both the classical psychometric model 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-
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 the
statistics for an item and print out an appropriate psychometric notation based on the criteria
that had been built into theprogram specifically for Chemistry. An item was classified as "too
hard" if the p-value was less than .27 or as "too 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 .13. An
item was said to have an "entrapment choice," a "ma:ginal top group," or an "inverted ICC"
if the item characteristic curve groupings displayed certain irregularities. An item was said to
exhibit "gender" bias if the partial correlation with gender was more extreme than ± .145, and
to exhibit "ethnic" bias if the partial correlation with ethnicitywas more extreme than ± .1375.

The content of Chemisty cannot be represented by a single factor. Therefore, maximization
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 (.13 or greater) and was
judged to measure an objective, itwas included in the item pool. While this may have reduced
the potential internal reliability as measured by coefficient alpha, it increaoed the validity of the
test by allowing for an objective factor structure that was not expected to be unitary.

Page 4 NCT-Chernistry
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This information was placed on an item record, which became the basic document to which all
other records are referred. The item record contains the goal,objective, higorical information,
a copy of the item itself, the item field-test statistics, and the psychometricnotations. Each item
has a separate item record.

The psychometric notatic.,swere reviewed and decisions were made about-the adequacy of
the items. The decisions were then conveyed to curriculuth specialists, who also reviewed the
items and reached a decision about their curricular adequacy. The psychometric and
curricular decisions concerning the item'sadequacy for use in test developmentwere included
on the item record.

Of the 1,012 items field-tested in 1988,324 (32%) were deleted from the item pool. This left 688
items (68%) in the Chemistry item pool for future test development.

Content validity of the item pool (Phase Two). Due to the large number of items that were
deleted from the item pool in 1988, it became necessary to develop adeltional items for the item
pool. The greatest need was for items in the higher range of p's.

First, the number of items needed per objective was determined from the existing item pool.
The number needed per objective ranged from 19 to 22 for a total of 770 items. 769new items
were written by 11 previously ti ained North Carolina Chemistry teachers.

Second, the additional item pool was edited for grammar, syntax, psychometric form,
linguistic bias, and subject area content. 51 items were deleted from the additional item pool
at this time.

Third, the addifional itart poolwas analyzed by curriculum specialists and classroom teachers
to insure that the items were valid representations of the objectives for which theywere writtzn
using the procedures previously described. 68 items were deleted from thc additional item
pool at this time.

Fourth; the items were collected into 16 sets with 40 items each set (the exception was set #16
which had 24 new items and 16 repeated items from set #1) for a total of 624 items. These sets
were used as variable items during the 1990 statewide administration, and the field-test forms
were interleaved iith the statewide forms to insure an even spread of ability levels. The data
from these field tests will be analyzed in 1990 and used in constructing the 1991 NCT-
Chemistry and future tests. Of the new items in the item pool, 26 were held for later field testing
because they were similar to items contained in the core being used for statewide assessment
(Core 2).

TenIcal Manual
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Content validity of the test. After a consideration of the logistics involved, it was decided
to prepare one complete test (60 coreitems and four sets of40 variable items) for administration
in May 1989, and to develop four additional core tests of 60 items each for use in succeeding
years. The initial core and the future core tests were based on a random selection of the 30
objectives rated as basic to instruction in Chemistry, for a total of 60 items (2 per objective)
randomly chosen from the approved item pool. The four variablesets consisted offoutitems
per objective for the 30 basic objectives and six items per objective for the seven remaining
objectives randomly chosen from the approved item pool. Thus, the content of the test c3res
and the test forms directly reflected all of the decisions that had been made earlier.

This method of item selection is a modified domain sampling model, with the various forms
and cores randomly equivalent. The domain sampling model in its pure form is highly
inefficient because it allows the entry of items that are grossly inappropriate for normative
measurementitems that no one can answer or that everyone can answer, or items that have
psychometric deficiencies of a more complex form-In the modification.used here1the domain
of items was limited to those items that had satisfactory psychometric and curricular
characteristics. This was determinedby the analyses of the item field-test data, which was used
to verify the psychometric and curricular adequacy of the item pool and to direct where item
revisions should be made.

After the test was assembled into forms (60-item coreplusa 40-item variable set), the four forms
were reviewed by one curriculum supervisor and two teachers in each of the eight educational
regions. The criteria for evaluating each form of the test included the following:

that the content of the test should reflect the goals and objectives taught
that the items should be clearly and concisely written, and the vocabulary appropriate
to the target age level
that the content should be balanced in relation to ethnicity, sex, socioeconomic status,
and geographic district of the state
that each item should have one and only one answer that is right; however, the
distractors should appear plausible forsomeone who has not achieved mastery of the
represented objective

The ratings for the 1989 North Carolina Test of Chemistry were average to 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 the statistics obtained at the time th, !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 measurement from onr year to another.



Table 2
Core Development of the North Carolina Test of Chemistiy

Mean of SD of Sum of
Core Process P-values for P-values of P-values of

All Items All Items All Items

1 Designa 0.592 0.151 35.50

Administerb 0.625 0.158 37.47 :

2 Design* 0.589 0.160 35.34

Field Tested" 0.584 0.170 35.06

Equate 0.623 0.139 37.38

3 Des: na 0.592 0.160 35.50

Field Tested" 0.565 0.174 33.88

4 Designa 0.591 0.157 35.45

Field Tested" 0.580 0.171 34.82

5 Designa 0.591 0.144 35.43

Field Tested" 0.584 0.152 35.04

'Based on the 1988 Field Test item p-values
bAdministered in May 1989

`Equated to Core 1

Standardization sample. The first North Carolina Test of Chemistry consisted of four forms
(Core 1 /AD), each form containing the same 60 core items and a unique set of 40 variable
items. This test was administered to 33,352 North Carolina Chemistry students in May 1989.
The state norm population comprises these 33,352 student:.

The four additional cores (Cores 2-5) that were developed were interleaved in all student
samples. A sample of 3,194 students was selected to take the four field core tests. To insure
broad representation, schools were selected from each of the eight North Carolina educational
regions and were representative of the state based on a criterion that was judged to be at least

Technical Manual Page 7



partially related to Chemistry ability levelsschool, performance on the 1988 NCT-Biology. A
total of 2,370 students actually participated in the core field testing (each core was administered
to an average of 593 students). This produced aneven spread of ability across all four samples
(as determined by the results of the statewide test administrationCore 1 /Forms A-D. The
results are as follows: Sample 2, mean = 36.86, s = 8.32; Sample 3, mean = 36.87,s = 8.43; Sample
4, mean = 36.73, s = 8.04; Sample 5, mean =36.80, s = 8.29). The four field core means were not
equivalent and this is due to random differences in item difficulty that generally occurs
between field testing and statewide testing. These random differences .:-n be eliminated by
redeveloping the tests slightly, and this procedure will be desaibed in the Reliability and Other
Statistics section.

'lhe lack of agreement between the mean core test scores (Cores 2-5) and the state norm mean
(Core 1) indicated that the field test samples were not representative of the North Carolina
Chemistry student population. Upon further examination it was determined that this unusual
finding occurred because not all schools selected to participate in the field testing had actually
participated. The resulting score difference based on work with other North Carolina Tests
and the differences in the Core 1 means for the matched samples compared with the Core 1
statewide mean was approximately 1.5 items (see Table 3 and the discussion above). After
adjusting for the relative ability of the students in the field core samples, the agreement of the
mean core test scores supported the view that the initial equating process was successful.

Page 8
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Concurrent validity of the test

Wnen the 1989 North Carolina Test of Chemistiy was administered, Chemistry teachers were
asked to indicate the expected final letter grade for each student in their classes. Figure 1
displays a comparison of letter grades in Chemistry and the mean NCT-Chemistry core score
corresponding to each letter grade for the overall student population. The figure corresponds
closely to expectation arid adds to the evidence concerning the validity of the test.

60

55

50

49. 45

(2.)

40

0
4.) 35

0
V)

al 30

25

20

15

Anticipated Chemistry Course Grade

Figure 1. Comparison of letter grades teachers expected students to
receive and scores subsequently earned on the 60-item 1989
North Carolina Test of Chemistry (N = 32,924).
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Method for Deriving Test Scores

Item information was available to support the classical scoring model and the Rasch scoring
model. The classical scoring model gives a unitary weight to each item; a correct choice adds
one to the total score; an incorrect choice adds zero. The one-parameter Rasch modelalso uses
unitary weighting. (The two- and three-parameter item response models give more credit for
answering some items correctly and less credit for answering other items correctly. These
models assume that each item has a fundamental, -mchanging difficulty level.)

The classical scoring model was utilized to score the North Carolina Test of Chemistry because
it is fundamentally sound, simple to use, and easy to interpret. Each student's total core score
consists of the sum of right answers to the 60 core items.

Page 10 NCT-ChemIstry
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Reliability and Other Statistics

The descriptive statistics, the standard errors of measurement, the alternate form reliability
estimates (correlation between Core 1 and the other foul' cores field-tested in May 1989), and

the alpha reliability coefficients for the first statewide administration of the North Carolina
Test of Chemistry in May 1989 (Core 1/Forms A-D) and the-cores field-tested in May 1989

(Cores 2-5) are given in Table 3.

Table 3
Descriptive Statistics of the North Carolina Test of Chemistry

Reliability
Core N Mean SD Median se Alternate Coefficient

Form Alpha

1 /A-D 33,352 37.47 8.37 38 3.45 .75, .77, .72, .78
83b

2 589 35.07 8.41 35
580a 35.10 8.37 3.45 .75 .83

3 597 33.82 8.74 34
578a 33.86 8.66 3.35 .77 .85

4 600 34.70 7.95 35

586a 34.90 7.81 3.40 .72 .81

5 584 35.03 8.42 36
569a 35.13 8.39 3.46 .78 .83

Watched samples of students that took statewide core 1 and one of the field cores (2-5).
bAverage of reliability coefficients obtained from the four matched samples of students (Core 1
with Cores 2-5). Core 2, Coefficient Alpha = .82; Core 3, Coefficient Alpha = .84; Core 4,
Coefficient Alpha = .82; and Core 5, Coefficient Alpha-= .83.

Technical Manual Page 11



The alternate form reliability estimates have a mean value of .76; and the alpha reliability
estimates have a mean of.83. While,these reliability estimates are lower than those found on
other tests (Na-Algebra I, NCT-Biology, and NCT-US Fristory), they are acceptable. The
lower estimates can be attributed to the restricted range of ability of the students taking the
North Carolina Test of Chemistry. Chemistry is not a required course for high school
graduation and, therefore, students taking Chemistry are a select group of students when
compared to the general population of high school students taking other North Carolina Tests.
The 1989 core scores are symmetrically distaibuted about a mean of 37.47, or 62% correct (see
Figure 2).

2

1.5 -

1.4 -

1.3 -

1.2 -

1.1 -

1 -
0.9 -
0.8 -
0.7 -

0.6

0.5

.4 -
0.3 -
0.2 -
0.1 -

Score on 60-item NCT-Chemistry Core

Figure 2. Frequency distribution of scores on the 60-item 1989 North
Carolina Test of ChemistryCore 1/Forms A-D (N = 33,352.
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For practical purposes, the proper measure of reliability is the alternate form reliability. The
calculation of this statistic requires that two or more equivalent forms be developed. The Older
alternate form reliability procedure required the development of one form, whiokWas 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 to its
alternate form. But the possibility remained that errors of selection in the first form would be
duplicated in the second form. Anewer procedure requires that the tests be truly equivalent
that is, that two or more tests be developed in exactly the same way, but independent of one
another. This permits the reliability coefficient to reflect any random errors in section made
in the development of either of the test forms.

The alternate forms developed for the North Carolina Test of Chemistry 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:

trait instability not following from maturation or instruction
instrument instability resulting from fOlible 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 administration of the
North Carolina Test of Chemistry (r2 = .832 = .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.

Of special significance to the comparison of students scores across time is the equivalence of
the four future core tests (Cores 2-5) to the first core test of record (Core 1 administered May
1989). An equipercentile analysis was made of the relationship of the four future core tests to
Core 1 (core test of record). Matchedsamples of student scores were obtained for each of the
four future cores that consisted of student's scores on the statewide core and one of the four
future cores (580 students were administered Core 1 and Core 2; 578 students were administered
Core 1 and Core 3; 586 students were administered Core 1 and Core 4; and 569 students were
administered Core 1 and Core 5see Tables 2 and 3). To make the equipercentile comparison,
the mean of a block of scores on Core 1 within groups of five successive percentile points was
taken to compare with the mean of a block of scores on Core 2 within the same five percentile
points. This procedure yielded twenty reasonably reliable points of comparison. This
procedure was repeated for thematched samples from Cores 3-5. Eachof the semidecile scores
was adjusted for differences in relative ability of the four field core samples by adding 1.5
points. The results of the equipercentile comparisons of Core 1 with Cores 2-5 are presented
in Figures 3, 5, 6, and 7.

Technical Manual
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In Figures 3, 5, 6, and 7, the differences of the data points from perfect agreement (a slope of
1.00) are small. These differences could be adjusted stalistically by providing a separate set of
norms for each test. A simple and efficient alternative is to redevelop the coie tests slightly so
that even the small differences disappear. With this technique, a single norms table cah be used
for all five core tests (20 test forms). To accomplish this transformation, the test developer had
statistical information available un the 60 items in Core 1 plus the 160 variable itemsa total
of 220 items for which comparable psychometric data were available across all four future core
tests.

50

20

10

Raw Scores in Semi-decile Classes

Perfect Agreement + Field Core 2

Figure 3. Equipercentile comparison of the 1989 North Carolina Test of
ChemistryCore 1 /Forms AD and Field Core 2 (adjusted for
unrepresentativeness of the sample).
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The results of the equating for Core 2, employed in 1990,are presented in Table 2 and Figure
4. The required_changes were minimal (the substitution of 4 items).

30

10

Raw Scores in Semi-decile sses

Perfect Agreement + Field Core 2 - Adj

Figure 4. Equipercentile comparison of the 1989North Carolina Test of
Chemistry--Core 1/Forms A-D and Field Core 2 Equated
(adjusted for unrepresentativeness of the sample).

Similar adjustments basedon the 1989 administration of Core 1 and the field test administration
of Cores 3-5 will be made to the third, fourth, and fifth core tests as needed in the future. The
adjustments to the core tests will assure continuity of the norms table for future years while
providing new test items eachyear. The new test items prevent the loss of confidentiality, and
therefore validity, that occurs with the continucci tze of the same items. Student scores have
a common reference point from 1989 onward, barring changes in the definition of the basic
instzuctional program.
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60

50

fR
20

10

Raw Scores in Semi-decile Classes

Perfect Agreement + Held Core 3

Figure 5. Equipercentile comparison of the 1989 North Carolina Test of
Chemistry--Core 1/Forms A-0 and Field Core 3 (adjusted for
unrepresentativeness of the sample).
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50

1 4O

I
1
a 30

g
c2

A
20

10 I 3

Raw Scores in Semi-decile Classes

Perfect Agreement + Field Core 4

5

Figure 6. Equipercentile comparison of the 1989 North Carolina Test of
ChemistryCore 1/Forms AD and Field Core 4 (adjusted for
unrepresentativeness of the sample).

_
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50

40

30

20

10

Raw Scores in Semi-decile Clams

Perfect Agreement + Field Core 5

Figure 7. Equipercentile comparison of !the 1989 North Carolina Test of
ChemistryCore 1/Forms AD and Field Core 5 (adjusted for
unrepresentativeness of the sample).
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Curricular Assessment
t _Thus farin this manual the 60-item core test has been discussed as if it Made Upthe eritire iest.

In actuality,The four te0foitis of the 1989 North CarolinaTest of ChemiStry consisted of. af. 60-
item core arid 40 additidnal itedisthat varied across the four fOrms-(see Tabjel): `The'Variable
items-were not intended, ti) Cohtribute to individual frciident stores,' bUfra*:et tO Currittilum

--(assessment. Eacivtiatiabie it:ail:was-answered-by one-fotirtlt of the .StUderitS.

At the classrobni-level;220'items are answered during each test adSfartaverage
of five studeitts: ThIS piticedure provides a database of six.iteriis per,OtieCtiveaCrOgs. five
students. Froin, this,,databate of inforMation, eVidence of low '41194 portions Okthe
curriculum are being mastered in:the classrooni may be drawri. 'At theScicoOl; 'School district,
and state level, the 220 items are answered byainuchlarger number of students;:Over 8,000
students per Item. This aSsures- a more stable Measurerrient, 'but does nOt ipelude'a-iarger
number Of objectiveS or iteMS. 'The accurnulation ofitemand objective infOrMationdepends
upon measUrementackoss Suctessive years.

The measurement affoIzled by the 160variableitems is critical to assessingcurriculum mastery
at the classroom, school, sChool district, and state levels. Each year of test adthiilistration adds
to the database and gives d,incire detailed andccompreher sive picture of curriculum success.

Technical Manual

26
Page 1§



,

Content of The Test

The North Carolina Test of Chemistry !..s objective-referenced; that is, its reference is to a
doinain of objectives. This domain is mapped over a domain of items,where the items reflect
the objectives, equal in kind and number except for random fluctuations. The Chemistry tests
were designed to achieve an even assessment across all objectives; in short; each objective was
to be represented by the same number of items. This design is consistent with the concept of
a domain of objectives mapped over by a domain of items. Although the objectives have unit
weighting, the goals are weighted by the number-of objectives assigned ff. them. From
empirical analyses, this is a traditional aspect of curriculum developmentthe more important
a goal is considered to be, the greater number of objectives thatwill be developed for it. Thus,
an underlying system of weights exists for the curricular goals.

The Appendix lists each goal and objective aad the numerical item representation for each
objective as it appears on the 1989 North Carolina Test of Chemistry (FormsAD). IL addition,
the proportion of teachers rating each objective as basic to instruction in the Chemistry
curriculum is listed.

Tables 4-1 through 8 list the difficulty level for all items on the 1989 North Carolina Test Of
Chemistry (Core 1/Forms A-D) and for all items on the four future core tests (Cores 2-5) in
terms of p-values (proportion of all students answering the item correctly).

Page 20
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Table 41
Item Difficulty by Item Number for the NCT-Chemistry-Core 1

Item * P-value Item # P-value Item # P-value

1 .59 21 .79 41 .55
2 .62 22 .71 42 .59
3 .68 23 .72 43 .85
4 .70 24 .74 44 .48
5 .32 25 .61 45 .81
6 .71 26 .61 46 .55
7 .77 27 .65 47 .54
8 .68 28 .63 48 .39
9 .86 29 .57 49 .38

10 .61 30 .75 50 .55
11 .86 31 .57 51 .66
12 .68 32 .36 52 .32
13 .57 33 .34 53 .51
14 .61 34 .39 54 .32
15 .56 35 .47 55 .59
16 .62 36 .42 56 .35
17 .54 37 .46 57 .79
18 .50 38 .32 58 .46
19 .75 39 .31 59 .85
20 .67 40 .67 60 .77

Technical Manual
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Table 4-2
Item Difficulty by Item Number for the 1989 NCT-Chemistry-Variables A-D

Item # P-value Item # P-value -ttem # P-value Item # P-vcilae

Al .90 B1 .92 Cl .95 DI .95
A2 .46 B2 .70 C2 .33 D2 .38
A3 :69 B3 .39 C3 .46 D3 .73
A4 .71 B4 .47 C4 .80 D4 95
A5 .43 B5 .94 C5 .56 D5 77
A6 .79 B6 .59 C6 .60 P6 .74
A7 .54 B7 .80 C7 .65 D7 .64A8 .52 138 .73 C..8 .43 D8 .49
A9 .63 B9 .82 C9 .83 D9 :58
A10 .69 B10 .43 C10 .80 D10 .45All .59 B11 .55 C11 .91 Dll .48
Al2 .51 B1 .86 C12 .74 D12 .39.
A13 .71 B13 .70 C13 .7; D13 .66
A14 .74 B14 .36 C14 .57 D14 .44
A15 .73 B15 .48 C15 .64 D15 .63
A16 .47 B16 .80 C16 .48 D16 74
A17 .67 B17 .58 C17 .57 D17 .37
A18 .57 B18 .32 Cla .35 D18 .67
A19 .67 B19 .3, C19 .50 D19 .72
A20 .69 B20 .52 C20 .30 D20 .30
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Table 4-2 (continued)
Item Difficulty by Item Number for the 1989 NCT-Chemistry-Variables A-D

Item # ixvalue Item # P-value Item #

A21 .49 B21 .35 ci.21
A22 .39 B22 .40, C22'
A23 .48 B23 .42 C23
A24 .42 B24 .42 C24
A25 .47 1325 .38 £25
A26 .49 B26 .34 C26
A27 .41 B27 .41 C27
A28 .40 B28 .65 C28
A29 .56 B29 .42 C29
A30 .61 B30 .84 C30
A31 .4b B31 .64 C31
A32 .41 B32 .91 C32
A33 .55 B33 .62 C33
A34 .49 B34 .43 C34
A35 .40 B35 .47 C35
A36 .40 B36 .34 C36
A37 .42 B37 .39 C37
A38 . 47 B38 .37 08
A39 .46 B39 .40 C39
A40 .65 B40 .62 C40

P-val0e Itetn #

.59, 021 .43

.45 :b97' .51

.48 D23 , .7.

.49 D24 .52

.33 05 .45

.43 D26 .3'1

.43 027 .41

.31 D28 .46

.44 .D29 :32

.51 D3J .74

.42 D31 .47

.54 D32 .52.

.79 ' D33 .51
.66 D34 .42
.38 D35 .38
.40 D36 .38
.45 D37 .44
.64 D38
.61 D39
.63 D40

.46

.87
.71

32
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Table 5
Item Difficulty by Item Number for the NCT-Chernistry Core 2

Item # P-value Item # P-Value Item # .0-value

1 .49 21 44 41 .35
2 .59 .45 42 .72
3 .83 23 .$6 43- 49
4 .53 24 :63 44- .36

5 .90 25 .82 45 .46
6 .62 26 .46 46. .70

7 .52 27 60 47 .39

8 .64 28 .0 48 50
9 .71 29 .77 49 .32.

10 .80 30 .8 50 ,88
11 .70 31 71 51 .42
12 .73 32 46 52 .49

13 .84 33 .30 53 .41

14 .40 34 .53 54' .34
15 .74 35 .56 55 59
16 .67 36 .44 56 :53'

17 .56 37 .60 57 .82
18 .46 38 .41 58 .51

19 .36 39 .79 59 .85
20 .77 40 .67 60 .88
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Table 6
Item Difficulty by item Number for the NCT-Chemistry-Core 3

Item # P-value Item # P-value Item # P-value

1 .45 21 .52 41 .64

2 .66 22 .84 42 .40

3 .44 23 .84 43 .:',7-

4 .81 24 .67 44 .63

5 .53 25 .61 45 .52

6 .56 26 .43 46 .78

7 .57 27 .83 47 .72

8 .57 28 .59 48 .50

9 .44 29 .72 49 .38

10 .64 30 .52 50 .55

11 .79 31 .41 51 ..32

12 .72 32 .84 52 .38

13 .84 33 .59 53 .51

14 .53 34 .31 54 .33

15 .66 35 .42 55 .43

16 .53 36 .45 56 .74

17 .77 37 .42 57 .88

18 .53 38 .56 58 .88

19 .68 39 .33 59 .73

20 .66 40 .57 60 .86
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Table 7
!tern Difficulty by Item Number for the.NCT-Chemistry--Core 4

Item # P-value Item #
..

1 .45 21

2 .61 22
3 .41 28
4 .69 24
5 .45 25
6 .78' 26
7 .51 27
8 .81 28
9 .69 29

10 .90 30:
11 .86 31
12 .70 32
13 .73 33
14 .55 34
15 .60 35
16 .72 36
17 .87 37
16 .53 38
19 .67 39
20 .54 40

P-value iteit # 'P-value
. .

.70 41, .54

.71 42 s:59

.75 43 .62

.87 44 .06,_

.40; 45 .57

.74 46 59 :

.7.7 .47 ao
:s& 48 .54

44 49 .50
Ao 50 -.5

.59 51 .45,

.40 52 .85

.62 53 .48,

,3 54' .32

.41. 55 6

.56 56 .'42

.65 57 :81-

.30 58 .44
;84 59 .74

.67 .60 .73
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Table 8
Item Difficulty by Item Number for the NCT-Chemistry-Corö 5

Item # P-value Item # P-value Item # P-value

1 .44 21 .74 41 .36

2 .63 22 .40 42 .45

3 .76 23 .87 43 .55

4 .71 24 .73 44 .35

5 .51 25 .62' 45 39
6 .53 26 .74 46 .91

7 .63 27 .67 47 .75

8 .70 28 .85 48 .59

9 .51 29 .55 49 .47

10 .88 39 .41 50 .55

11 .78 31 .47 51 .39

12 .64 32 .80 52 .68

13 .54 33 .40 53 .48

14 .62 34 .49 54 .63

15 .67 35 .64 55 .50-

16 .80 36 .49 56 .37

17 .48 37 .41 57 .59

18 .53 38 41 58 .69

19 .56 39 .58 59 .64

20 .58 40 .76 60 .56
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Test Norms

Students who answer all 60 of the Chemistry core items correctly could be ass,,Imed to be
excellent Chemistry students; If everyone answered all of the items ,correctlyrhowever, a
different interpretation would haVe to be placedon the scores. At soine point, scoreS must have
a reference group grounded in the experience of all students. In some respect, at least,
everything is good nr bad by comparison. Norms table* provide that reference. Given a norms
table, a student's score cart be compared with Other stUdents' score:S.

Norms iables commonly have two points of reference: a scale, -of percentiles and a scale of
standard scores. The former permits the location-Dia- score within percentile ranks; thuS a
student is said to have exceeded the perforMance of 80% of the students in the norm group (in
this case, Chemistry students taking the North Carolina:Test of Chemistry in May 1989). The
latteri Standard scores, permits the location of a score Within normally-distributed standard
score;. This reference is appropriate if the student abilities: are believed to be normally
distr. ibuted. In a normal distribution,raw scores are given greater and greater weight as they
-diverge from the mean in either direcdon.

The choice of a metric for the standard score is arbitrary. To avoid inappropriate and confusing
comparisons with some of the more common metrics, such as those employed in IQ scorcs-o-r
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 statistic of choice.

The norms table for student scores on the North Carolina Test of Chemistry is given in Table
9. These somas set a baseline of comparison for present and future achievement in Chemistry.
Thus, a student score in 1990, 1991, and futureyears can be referenced to the scores of al11989
Chemistry students in North Carolina.

In summary, the utility of a test is its statistical equivalence ofcore tests from year to year, its
broad sampling of the curriculum across time, and its initial norms table.
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Table 9
Norms for Student Scores on the North Carolina Test of Chemistry

Raw Score Peramtlie Standard Score°

60 99 76.8
59 99 75.6
58 99 74.4
57 99 73.2
56 99 72.0
55 99 70.8
54 98 69.6
53 97 68.5
52 96 67.3
51 95 66.1
50 94 64.9
49 92 63.7
48 89 62.5
47 87 61.3
46 84 60.1
45 81 58.9
44 77 57.7
43 73 56.5
42 69 55.4'
41 65 54.2
40 60 53.0
39 56 51.8
38 51 50.6
37 47 49.4
36 42 48.2
35 38 47.0
34 34 45.8
33 30 44.6
32 26 43.5
31 22 42.3
30 19 41.1
29 16 39.9
28 13 38.7
27 11 37.5
26 9 36.3
25 8 35.1
24 6 33.9
23 5 32.7
22 4 31.5
21 3 30.4
20 2 29.2
19 2 28.0

Less Than 19 1

'Adjusted to a mean of 50 and a standard deviation 10.0.
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Test ContentItem Representafion by Goal and Objective

Goal/Obj Description

-% Teachers
No. Items Reporting

1989 as Basic°

Goal 1 The learner will have an understand' s of the
history, scope, basic concepts, and techniques
related to the study of chemistry.

1.1 Know and apply accepted methods, processes,
and procedures for conducting scientific study.

1.2 Know the properties of matter and energy.
1.3 Know the concept of conservation of matter and

energy.

Goal 2 The Earner will understand systems of
classification of matter, nuclear, physical, and
chemical changes.

2.1 Know various descriptive classifications of
matter.

2.2 Know the basic chemical concepts of atoms and
molecules.

2.3 Know the concepts of elements, compound.", and
mixtures.

2.4 Know varions types of nuclear changes.
2.5 Know about physica: changes such as phase

changes and the characteristics of these changes.
2.6 Have knowledge of the nature and evidence of

chemical changes.

Goal 3 The learner will have an understanding of
descriptive chemistry and periodic properties of
elements.

3.1 Know descriptive terminology pertaining to
atomic mod.'s and configurations of electrons.

3.2 Know thc rt and nature of the periodic
properties or the elements, and the utility of the
periodic table.

6 97.18

7 97.54
6 99.30

7 97.16

6 99.65

6 99.30

6 44.60
6 97.89

6 98.59

6 95.74

7 95.74

'Perc9ntage of North Carolina Chemistry teachers rating the objective as basic to instruction in Chemistry.
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Goal/Obj Description

% Teachers
No. Items Reporting

1989 as Basic°

Goal 4 The learner will understand concepts and
techniques of measurement and computation as
they relate to chemistry.

4.1 Know how to measure accurately length, area, 7 97.52
volume, mass, weight, temperature, and time,
and record the measurement as pre&e.ly as the
measuring devices permit.

4.2 Know how to use scientific notation. 6 97.51
4.3 Have a knowledge of mathematical operations 6 97.87

involving manipulation of units and unit
conversions.

Goal 5 The learner will have an understanding of
stoichiometry and kinetic molecular theory.

5.1 Know how to construct and use chemical 7 99.65
formulas and equations.

5.2 Know how to use the mole concept. 6 96.47
5.3 Know how to make calculations involving 6 95.41

stoichiometry given a periodic table and a
calculator.

5.4 Know how to make alculations for the 6 84.04
prediction of the beha nior of gases.

Goal 6 The learner will understand fundamental
principles related to chemical reactions, kinetics,
and thermodynamics.

6.1 Know the concept of oxidation-reduction. 5 63.96
6.2 Have knowledge of basic principles in 7 29.43

electrochemistry.
6.3 Have knowledge of various energy effects in 6 57.65

chemical reactions.
6.4 Know factors that affect the rate of a reaction.
6.5 Know the concept of dynamic equilibrium.

5
6

74.20
55.87

'Percentage of North Carolina Chemistry teachers rating the objectiveas basic to instruction in Chemistry.
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Goai/Obj Description

Goal 7 The learner will have an understanding of the
properties of electrolyte solutions.

7.1 Know the importance of adds, bases, and salts in
industry and in the home.

7.2 Know the names and formulas of selected acids,
bases, and salts.

7.3 Know physical characteristics and chemical
properties of solutions of acids, bases, and salts.

7.4 Know selected expzessions of concentration of
solutions.

7.5 Have a knowledge of the phenomenon of
ionization.

7.6 Have a knowledge of add-base equilibria and
pH.

7.7 Have a knowledge of solubility equilibria.

Goal 8 The learner will have an understanding of the
principles, reactions, and related compounds
stithied in organic chemistry.

% Teachers
No. items Reporting

1989 as Basic°

3

7

6

3

5

6

7

81.21

96.47

90.11

84.10

77.94

64.29

37.99

8.1 Have knowledge of chemical properties, physical 6 67.62
forms, and atomic structure of carbon.

8.2 Have knowledge of hybridization and its 5 33.09
relationship to bonding and molecular geometry.

8.3 Have knowledge of hydrocarbons. 6 49.82
8.4 Have knowledge of major hydrocarbon 6 28.42

substitution products.
8.5 Know that activities of living things involve 6 51.07

chemical reactions.

Goal 9 The learner will have an understanding of the
relevance of current topics in chemistry.

9.1 Have knowledge of the relevance ofcurrent 6 58.57
topics in chemistry.

9.2 Be aware of careers available inchemistry. 7 58.87

'Percentage of North Carolina Chemistry teachers rating the objective as basic to instruction in Chemistry.
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Appendix 16

END
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