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ABSTRACT
Darin S. Earnest: Calculating item discriminati@ues using samples of examinee scores
around real and anticipated cut scores: Effectseom discrimination, item selection,
examination reliability, and classification decisiconsistency
(Under the direction of Gregory J. Cizek)

This study examined the degree to which limiting talculation of item
discrimination values to groups of examinee scoess real and anticipated cut scores
affected item discrimination, item selection, exaation reliability, and classification
decision consistency. Three examinations usedetbeatial individuals in health-related
professions were used to answer the research gagstio replicate as closely as possible
the context in which many credentialing examinatiare developed, each of the
examinations consisted of small samples of exarsinaed were analyzed using classical test
theory procedures.

Item discrimination values, as expressed by thetgmserial statistic, were
calculated for each examination item. Restrictethidiscrimination values were then
calculated for each item using subsets of exansneees. The restricted values were based
on scores within 0.58D, 0.75SD, and 1.005D of five unique cut score locations.
Differences between unrestricted and restricted déscrimination values were measured.
Two 50-item test variants for each examination veeeated to evaluate the effect restricted

item discrimination values had on item selectio@reination reliability, and classification

decision consistency. Form A variants included3@enost discriminating items using



unrestricted discrimination values. Form B varsaintluded the 50 most discriminating
items using restricted discrimination values.

The results of the study indicated that (a) iteserimination values were lower when
their calculation was limited to groups of scoreamcut scores; (b) using restricted item
discrimination values as the criterion by whichmgewere selected for test variants resulted
in the selection of items that were different thfamse selected when unrestricted values were
used as the selection criterion; (c) differencesxamination reliability between test variants
were found to be statistically significant, withoses of variants based on restricted item
discrimination values producing lower estimatesl &) test variants based on restricted
item discrimination values produced slightly lovedaserved classification decision
consistency estimates than variants based on uotedtitem discrimination values. The
results of the study were tied to several aspddfseaest development process for
credentialing examinations, including issues reldtesample size, cut score location, and

examination validity.
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CHAPTER 1
INTRODUCTION

Examinations, and the roles they play in a vargdtfelds, have been the source of
much debate in recent years. In the educationt@hgefor example, legislation like the 2001
No Child Left Behind Act (NCLB, 2002) shifted sidicant attention to student performance
on mandatory end-of-grade examinations. The resiiltsese examinations, depending on
location, are often taken into consideration whapartant school-related decisions such as
student retention and educator evaluation and cosgpen are made. In some areas, the
results can even affect school and school disiperating budgets.

Increased focus on the use of examinations indshms led to greater scrutiny of
the process by which these tests are developesuriag that examinations are valid and
reliable is in the interest of all who are affecbsdtheir results. To that end, the American
Educational Research Association (AERA), the AngriPsychological Association (APA),
and the National Council on Measurement in EdunaidMCME) jointly developed and
published thestandards for Educational and Psychological Tes{it299; hereafter,
Standardy According to thestandards“The proper use of tests can result in wiser
decisions about individual programs than wouldHeedase without their use and also can
provide a route to broader an more equitable adoesgucation and employment” (p. 1).
The intent of the&Standardss to “promote the sound and ethical use of temtsl to provide a

basis for “evaluating the quality of testing praes” (p. 1).



Education is not the only field, however, in whitle results of examinations can be
significant and consequential. Government ageranesother professional organizations
frequently require applicants for credentials teglicense- or certification-granting
examinations. Lawyers, physicians, electriciansgl, laarbers are all examples of
professionals who are required to receive goveriissoed licenses before being authorized
to practice in their respective fields. Likewisen-governmental entities often use
examinations as part of the process to certifygesso perform tasks or operations that
require specific skill sets. An information techogy company, for instance, may require
technicians to pass an examination before autmgyitiem to work on certain software
programs. Tests that are used to grant certifinator award professional recognitions are
frequently referred to as credentialing examination

Like other types of tests, credentialing examuoragineed to be developed in a
manner that ensures their results produce dediredrolds of validity and reliability.
According to theStandarddAERA, APA, & NCME, 1999), “Tests and testing prags
should be developed on a strong scientific baBest developers and publishers should
compile and document adequate evidence bearingsbaé¢velopment” (p. 43). In addition
to the guidelines listed in ti&tandardscredentialing examinations may also be requioed t
meet additional criteria. Depending on the natfréhe organization using the examination,
compliance with guidelines set forth by nationall amternational standards organizations,
such as the American National Standards InstitiéS(]; 2013) and the International
Organization for Standardization (ISO; 2013) maspdie desired or required.

Standardization organizations such as these etisatrécensure and certification



requirements are consistent among relevant parfidbering to these standards may also
provide legal defensibility for the developers aaiinistrators of these examinations.

The process by which credentialing examinatioesdaveloped is similar to that
which is used for other types of tests. Accordm@owning (2006), the typical test
development process is comprised of 12 steps. el$teps are included in Table 1.1. The
process begins with gaining an understanding opthipose of the examination, the desired
inferences to be made by test scores, as welkagaheral format to be used. Additional
steps include defining the content to be used tiogéest specifications, developing
examination items, designing and assembling tiedad test production. Following these
procedures, items are frequently field-tested,estoand analyzed to judge the
appropriateness of their inclusion in final versi@i examinations. If applicable, a standard
setting process may be used to recommend a minipassing score for the test. This is
followed by the development of a test reportingipeol, the establishment of an
examination item bank, and the creation of techmgorts that document the development
process. Each step in this process is as impaatite next and frequently serves as

evidence for claims of examination validity.



Table 1.1

Test Development Process

Step Examples of development tasks and concerns

1. Overall plan Guidance for test developmettdies
Confirm desired test interpretations
Test format

2. Content definition Sampling plan
Content-related validity evidence

3. Test specifications Content domain sampling
Desired item characteristics

4. Item development Item writer training
Item review, editing

5. Test design and assembly Design/create teasfo
Develop pretesting considerations

6. Test production Publishing/printing activitie
Security/quality control

7. Test administration Standardization issues
Proctoring, security, timing issues

8. Scoring test responses Quality control
Item analysis
9. Passing scores Standard setting

Comparability of standards

10. Reporting test results Accuracy, quality coint
Misuse/retake issues

11. Item banking Security issues
Usefulness, flexibility

12. Test technical report Documentation of valiévidence
Recommendations

Note. Test development steps adapted from Downing (2006).



The development process for credentialing examanatcan be affected by the
unique characteristics these tests frequently éxhiinlike large-scale standardized tests
used in education, credentialing examinations &enaleveloped and administered for
organizations representing occupations or fieldb velatively few potential members. As
such, the resources these groups are able to devietst development and administration
may be relatively limited. Although not wholly wpuie to credentialing examinations,
examinees seeking a license or certification migst tgpically reach a predetermined
minimum score, or cut score, in order to pass danénation and, therefore, be eligible to
receive the desired credential. Tests with cutescare also sometimes referred to as
competency or mastery examinations because obgeangtore at or higher than the cut
score infers examinee mastery or competency ospeaified set of content standards.
These attributes make credentialing examinatioffsrdint than many standardized tests used
in education, such as those used to measure titedspdf prospective first-year college
students. Such examinations are administerectgstinds of examinees each year, creating
large sets of data by which the development prosesignificantly aided.

The focus of this study is on one step in the @ssaised to develop credentialing
examinations. This step, frequently referred taeam analysisis used to assess the degree
to which field-tested items are suitable for inausin final versions of examinations. Item
analysis, which Crocker and Algina (2008) definedthe computation and examination of
any statistical property of examinees’ responsestmdividual test item” is included in Step
6 of Downing’s (2006) development process (p. 31Mhe statistical properties most
commonly used to assess individual examinationgtareitem difficultywhich, in classical

test theory (CTT) terms, is the proportion of exaeeis that respond to an item correctly; and



item discriminationwhich measures the degree to which an item eiffigaites between
examinees who possess more of some charactentgioded to be measured by a test (e.g.,
subject area mastery) and those who possess ldss dfiaracteristic. This differentiation is
typically operationalized as the difference betwg®se examinees who perform relatively
well on an examination and those who perform neddyipoorly.

The procedures used to calculate item discrinonatalues for credentialing
examinations with relatively small samples of figddt data are the focus of this study. A
number of statistics are currently used to gauga discrimination. A common
characteristic among these methods, however, isrtltalculating the discrimination values
they consider scores from all examinees. In tludys discrimination values calculated
using these traditional methods are referred tnasstricted because they incorporate data
from all examinees. This research studies theesfief limiting the data used to calculate
item discrimination to that of examinees who s@mend the test cut score. These values
are referred to a®strictedbecause they consider only a limited subset ofnéxee scores.

In addition to examining how restricting scoresdisethe calculation of discrimination
values affects the values themselves, the studdstigates the effects of restricted
discrimination values on certain aspects of tegeigpment, including item selection,

examination reliability, and classification decrsiconsistency.



Research Questions
The following research questions are address#usrstudy:

1. What are the effects on item discriminatiorueal when the values are calculated using
restricted samples of examinee test scores witnypinvg ability ranges around real or
anticipated cut scores?

2. What are the effects of calculating item dis@niation values based on varying ranges of
examinees around cut scores on item selection, iegsion reliability, and classification

decision consistency?

Need for the Study

The current study represents a unique contributdhe field of test development for
credentialing examinations. Current proceduresd tisealculate item discrimination values,
although appropriate and effective for many typleests, may not be ideal for competency
examinations. In addition, the study’s emphasisests with small samples of examinees
represents the realistic—and under-studied—conditad many testing programs,
particularly those used by credential-granting argations. Using small sample sizes also
necessitates the use of classical test theory guoes, which, despite the emergence of more
sophisticated measurement models, remain populanguaevelopers of credentialing
examinations. Some of the important potential bénef this study are described in the
following paragraphs.

First, although a variety of procedures may belusecalculate item discrimination
values, a common characteristic of these procedsitesat they each use the entire

population of previous examinees as the criterimug when calculating the discrimination



values. In this manner, they treat scores of enags at both the extreme upper and lower
ends of a distribution of test scores as they doescfrom examinees near the examination
cut score. The focus of competency examinatioowglver, is on candidates near the cut
score. By limiting the basis for calculating disgination values to scores of examinees near
the actual or estimated cut score, greater emphesyde applied to items that discriminate
more effectively amongst examinees with abilitydisvclosest to those for which the test was
designed to distinguish.

If the sample of examinees on which discriminatrafues are calculated is restricted,
the restriction is likely to affect the selectiohitems for competency examinations. It is
expected that discrimination indices based onraoitegroups having a narrower range of
ability or performance would produce uniformly attated discrimination indices.

However, if discrimination values based on respsngéhin a restricted sample of
examinees are significantly different than thodeuwated using all examinees, the items
selected for an examination will be dependent emtiethod employed. In other words,
restricting the range of test scores used to cateuliscrimination values permits items that
discriminate among examinees with ability levetsselst to those the cut score
operationalizes to be selected over those thatigis@ate in other areas within the range of
test scores.

The degree to which limiting the calculation @t discrimination values to scores
of examinees around cut scores affects other aspétest development also warrants
further research. This study specifically examinew calculating discrimination values in

this manner affects examination reliability andsslfication decision consistency.



Second, an important aspect of this research istthas conducted within the
context of competency examinations with relativatyall numbers of examinees. Limiting
the research to small-sample examinations is diqodar benefit to developers of tests used
to credential individuals. Unlike many large-scatkicational achievement examinations for
which item analysis may rely on large numbers ofleht responses and test scores,
credentialing tests, due to their very nature often limited to smaller pools of examinees.
Much of the research related to item analysis basded on tests with large numbers of
examinees. Fewer, however, have examined thasesiss they specifically relate to
examinations with smaller samples of available $estes. Focusing the study in this
manner represents a significant contribution tolssample examination development.

Finally, whereas the research presented hereddaus examinations with small
samples of response data, classical test theocgguoes were appropriate and were used
throughout. These procedures, though less conguigdly complex than more recent
measurement theories, are still widely used byeahesponsible for developing credentialing
examinations. The results of classical test thé@sed procedures are also frequently
viewed as being easier to interpret by individwathout backgrounds in measurement
theory or statistics than the more complex modals such, the results of this study are

generalizable to a large segment of the test dpuedat field.



CHAPTER 2
LITERATURE REVIEW
The subjects addressed in this study draw upe@vaat literature from three major
areas of research: (a) analyses regarding itemmis@tion and its role in the test
development process, (b) studies pertaining taéwelopment of mastery or competency
examinations used to credential individuals, anddsearch related to test development
when relatively small samples of examinee scoreswaailable. Significant research from

each of these three areas is described in the@redtat follow.

Item Discrimination and the Test Development Preces

Assessing the degree to which items discriminateséen examinees who possess
more of some knowledge, skill, or ability and thed® exhibit less is an important element
in the process by which items are selected fousioh in all types of examinations. This
process, commonly referred to as item analysissésl to compute the statistical properties
of examinee responses to individual test itemsdkan& Algina, 2008). The goal of item
analysis is to ensure that items selected for exatmoins yield levels of reliability and
validity that sufficiently support the test’s intéed purpose. Items that discriminate between
high- and low-performing examinees are typicallgwed as being desirable and, as such,
worthy of being included in an examination; iterhattdo not are frequently removed from

consideration for inclusion in an examination.
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Many item discrimination methods have been dewaldp assess the relationship
between examinee responses to individual test iterdgest performance. Although the
approaches used to calculate discrimination vadgesrding to these indices vary, they share
a common purpose: to identify test items to whighfscoring examinees have a high
probability of responding correctly, and to whidwiscoring examinees have a low
probability of responding correctly. A descriptiohcommonly used item discrimination
indices is included in the sections that follow.

Theindex of discriminationcommonly referred to as tieindex, was one of the
earliest methods developed to calculate item drgoation (Crocker & Algina, 2008)D is
calculated by dividing examinees into upper- anvagelescoring groups of equal size. The
criterion used to identify an examinee as belongmeither group is his or her observed test
score. The proportion of examinees respondingectyrto a particular item in the lower-
scoring groupower) IS subtracted from the proportion of examinespoading correctly in

the upper-scoring groupope):

D = pupper - Prower (2.1)

Scores for this index range between -1.00 and WiB,negative values indicating negative
discrimination, an undesirable situation in whictnaaller proportion of higher-scoring
examinees than lower-scoring examinees respondattyrto an item. For tests with
dichotomously scored items, the proportion of atirresponses to a particular item for a

group of examinees also represents that item’sageescore for the group. Therefdpe,

11



values also represent the difference in average stere between the high- and low-scoring
groups (Ebel, 1967).

AlthoughD-values are mathematically simple to compute, aberrof drawbacks
have limited their widespread use. With no knoampling distribution, it is not possible to
test for statistical significance betweBrvalues or to identify whether a particu+value is
significantly greater than zero (Crocker & AlgirZ908). In addition, the index of
discrimination can only be used for items thatso@red dichotomously. The selection of the
upper- and lower-scoring groups can also signiflgampact the calculated values, which
may be particularly problematic for examinationshna restricted range of scores or where
only small numbers of candidates are available.

When item analysis is conducted, D-values maydeel tio help determine the
appropriateness of including individual items ie final version of an examination. Ebel

(1965) developed a guideline for interpretbgyalues:

1. If Dis .40 or greater, the item is performing satifaly and no revision is required.
2. If D is between .30 and .39, little or no revisioneguired.
3. If D is between .20 and .29, the item needs revision.

4. If Dis .19 or lower, the item should not be used.

Items with large positiv®-values, which represent large differences in tlopgrtion of
correct responses between the two groups, are giawsuitable, while items with small or
negativeD-values are not. According to Ebel, items with Brdavalues, indicating small

differences in scores between the lower- and uppering groups, should be revised before
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being considered for inclusion in an examinatia,,canong other reasons, a IDavalue
may simply indicate that the item contains probleenaording.

Several studies have examined the use of vargatmthe index of discrimination. A
classic study by Kelley (1939), for example, exptbwarying the size of the groups upon
which D-values are calculated. Instead of using allgestes to establish upper- and lower-
scoring groups, Kelley found that utilizing the ep@and lower 27% of test scores produced
more sensitive and stable results. Beuchert anablea (1979), however, found that when
sample sizes were large enough, using the uppéeoami 30% or 50% of test scores
produced nearly identical results to those produmethe 27% recommended by Kelley.
Although Kelley, as well as Beuchert and Mendoddrassed issues related to the current
study, neither focused the calculation of item dilsmation values on contiguous groups of
varying sizes around examination cut scores. thtiath, the researchers emphasized using
groups at the extreme ends of test score distabsitia position at odds with the research
presented here.

In another important study, Brennan (1972) sugggkstat using groups of equal size
was not necessary when calculatihg Creating groups of equal size, as was doneain th
research described previously, was a result, acwptd Brennan, of “the preoccupation of
test theory with the normal distribution” (p. 2914ctual score distributions for most
examinations, however, are not normal. Brennalead#br the creation of a new index,
referred to a8, to measure item discrimination. The index igegpnted by the following

formula:

B=—-— (2.2)
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whereU represents the number of examinees in the uppeingagroup responding

correctly;

L represents the number of examinees in the lowatrgcgroup responding

correctly; and

n; andn, represent the total number of examinees in themu@md lower-scoring

groups, respectively.

According to BrennarB allows for an estimate of discrimination that doesrequire using
groups of equal size. An important aspedBgbarticularly as it relates to this research, is
that it also allows evaluators to select the palahg the distribution of test scores that most
appropriately divides the upper and lower scoriraugs:

Furthermore, regardless of the shape of the didgtab of test scores, it seems

reasonable to allow the test evaluator the freetioamoose the cut-off points

between the upper and lower groups. Only he cterdee the cut-off points that
yield meaningful and interpretable upper and logrewups based upon his
consideration of the test content, student popratnd overall expectations for
student performance on the test. When the testieartor is free to choose the cut-
off points, there is, clearly, no reason to expleat the resulting groups will be of

equal size. (p. 292)

Although the calculation of discrimination valuesed in this research does not
utilize any adaptation dd or B, Brennan’s claim that the most appropriate metnset to
calculate item discrimination values may be exationadependent is relevant. A major
consideration in this study is that the focus ostasy examinations is the test cut score. It
appears reasonable, therefore, to use the cut asahe central point in the distribution of
test scores upon which discrimination values atienased.

In addition to the index of discrimination, sevemathods utilizing variations of the

Pearson product-moment correlation coefficient Haeen developed to measure item
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discrimination. These methods are used to caletlet degree to which item performance
and overall test performance are correlated. Titbemore commonly used correlational
indices are the point-biserial correlation andlifeerial correlation. Although both of these
indices utilize correlation statistics to descriti&criminating power, the results they produce
are different. A brief description of each indexncluded in the paragraphs that follow.

The point-biserial correlation is the observedekation between examinee
performance on a dichotomously scored item andadiviesst score (Livingston, 2006). For
dichotomously scored items, correct responsescared 1 and incorrect responses are
scored 0. The observed correlation between iteporese and test performance forms the
basis for the point-biserial correlation. Like edlrrelation coefficient values, the point-
biserial values range between -1.00 and 1.00. tNegaalues represent items that
discriminate negatively, while positive values egent those that discriminate positively.
Larger values represent items with greater levet8szriminating power.

The point-biserial statisticyis, may be calculated using the following formula:

rpbis:@«/p/q (2.3)

whereu. is the mean total score for those who respontdeatém correctly;
Ux IS the mean total score for the entire group @ingxees;

oy is the standard deviation for the entire groupxainginees;

p is item difficulty; and

gis equal to (1 p) (Crocker & Algina, 2008).
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A common criticism of the point-biserial statisigcthat it may sometimes be spurious
because the item score contributes to the totaédoo each examinee. This can result in
inflated discrimination values. The effect is ges for examinations with relatively few
items, resulting in a curious situation in whiclogbr examinations, which typically produce
lower levels of reliability, exhibit higher itemstirimination values (Burton, 2001). For
examinations with more than 25 items, such as theed in this study, however, the effect is
rarely problematic and does not significantly afffidiscrimination values (Crocker & Algina,
2008).

The biserial correlation index produces resultslaimto the point-biserial index, but
is calculated in a slightly different manner. Thgerial, which was first derived by Pearson
(1909), treats scores on dichotomously scored isradicators of an unobservable
underlying proficiency. The biserial estimates tberelation between this latent underlying
proficiency and total test score.

The biserial statistiay;s, may be calculated using the following formula:

s = LM (0 1) (2.4)

O'x

whereu. is the mean total score for those who respontdeatém correctly;

Lix IS the mean total score for the entire group @ingxees;

oy is the standard deviation for the entire groupxainginees;

p is item difficulty; and

Y is theY ordinate of the standard normal curve atzlseore associated with tipe

value for the item (Crocker & Algina, 2008).
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In general, the biserial statistic produces ladjscrimination values than those

produced by the point-biserial. This is due toftwt that theY ordinate on the normal curve,
which is used to calculate the biserial, will alwde larger thar/ pq, which is used to

calculate the point biserial (Lord & Novick, 1968)he differences are more profound when
item difficulty values are less than 0.25 or gre#éten 0.75. Differences in item
discrimination values, therefore, may be attributetionly to qualitative differences among
examination items, but also to the statistic useelstimate the level of discrimination.

Item response theory, a general statistical thé@trelates performance on test
items to the abilities the test is intended to measmay also be used to calculate item
discrimination values (Hambleton & Jones, 1993}.ité\core, item response theory
estimates the probability that particular examingiisrespond in certain ways to items with
certain characteristics (Yen & Fitzpatrick, 200@)though the Rasch, or one-parameter
logistic model, provides estimates for item locat{oe., item difficulty) only, the two- (and
greater) parameter logistic models estimate diffycand item discrimination. The
discrimination estimate produced by item respohsery models is analogous to the item-
total correlation statistics (i.e., the biseriatlgpoint-biserial) used in classical test theory.

Item response theory is also computationally ncoraplex than the classical test
theory discrimination indices mentioned earlieheTiwo-parameter logistic model uses two
parameters to describe each item. These paranmetrde item difficulty,b;, and item

discrimination,a;. The estimates may be calculated using the fofigveiquation:

P _]w)_lJrexp[—Da(@—bi)] (25)
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whereP; represents the probability of a correct respoX; = 1) given a particule
ability level ¢); and
D represents a multiplicative constant, typicallyategither 1.7 or 1.702 (Yen
Fitzpatrick, 2006).
When the parameters are plotted, they create whatcanmonly referred to as ite
characteristic curves (ICCs). Ta;, or discriminating parameter, specifies the slopine
ICC, with steeper slopes indicating greater leegliéem discriminaion (Luecht, 2006). A
example of an ICC produced using a tl-parameter logistic model, with the third param
representing examinee noise or guessing, is showigure 2.1. In the figure, the sloj

labeleda, represents item discriminatis

Figure 2.1 Example of item characteristic curve (I
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Estimates produced using item response theoryreelguger sample sizes than those
produced using classical test theory. Reise an{il990), for example, found that at least
500 cases were needed to produce dependable itamgtar estimates, including item
discrimination, when using item response theoryh w000 to 2,000 cases required for more
accurate estimates. Hambleton and Jones (19984 filnat the number of cases required to
effectively utilize item response theory dependedh® particular model being used,;
however, in general, they recommended no less30arcases be used. Despite its
advantages, therefore, when calculating discrinonatalues, developers of examinations
for which relatively small samples of examinee megges are available must typically rely on
classical test theory procedures, such as thei@lieempoint-biserial item-total correlation
statistics.

Much of the research associated with item disecration and its role in the test
development process has focused on comparisong®etive various indices. Beuchert and
Mendoza (1979), for example, analyzed the restlgsght studies that compared
discrimination values produced by a number of iaglicFour of the studies found the values
to be virtually indistinguishable. The others fduninor, but sufficiently significant,
differences leading to a recommendation againsigysarticular indices in certain situations.
Using a Monte Carlo statistical simulation approd@duchert and Mendoza developed
sixteen 100-item examinations and administered tteetwo pools of simulated examinees,
resulting in 32 distinct testing scenarios. Thelp@f examinees were comprised of 60 and
200 examinees respectively. The researchers tileunlated discrimination values for each
examination item using ten different discriminatiadices. When compared, the differences

the various indices produced were, according tag¢kearchers, “extremely small, or
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nonexistent in situations intended to accentuaisdldifferences” (p. 116). Based on these
results, Beuchert and Mendoza recommended usingadsé computationally simple index.

In a related study, Oosterhof (1976) comparedriaiscation values produced by 19
different indices using exploratory factor analysiéis research found the loadings
representing each of the discrimination indiceBegdimpressively high,” with six indices
exhibiting loadings greater than 0.98 and all m& with loadings greater than 0.85 when
loaded against a single common factor (p. 149)st€@bof summarized his findings in the
following manner:

When any of the selected indices are used to eeatha relative performance of an

item, the preference of one index over another matly affects the resulting

analysis. Preference towards a particular indexlevomore appropriately be based

on convenience of calculation or intuitive preferenit is inappropriate to suggest

that using any of the common indices included eagresent study has an appreciable
effect on the eventual outcome of an analysisl{P)

A more recent study by Fan (1998) compared thdtsesf item analysis using both
item response theory and classical test theorg fd8-item examination given to over
190,000 high school students in Texas. Fan esiuinggm discrimination values for each
item using a two- and three-parameter logistic itesponse theory model and the point-
biserial statistic. The majority of correlationegficients for the discrimination values ranged
between 0.60 and 0.90. Although this relationstag somewhat weaker than that found for
differences in item difficulty values, which wasalassessed in the study, Fan indicated that
the overall relationship between discriminationueal calculated using item response theory
and classical test theory to be “moderately highigth” (p. 378). According to Fan,

The findings here simply show that the two measergrframeworks produced very

similar item and person statistics both in termthefcomparability of item and

person statistics between the two frameworks anerins of the degree of invariance
of item statistics from the two competing measuneinfi@meworks. (pp. 378-379)
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Fan’s findings are similar to conclusions reached borndike (1982), who, in discussing
the then relatively new use of item response theotgst development procedures, wrote:
For the large bulk of testing, both with locallyweéoped and with standardized tests,
| doubt there will be a great deal of change. itémms that we will select for a test
will not be much different from those we would haeatected with earlier procedures,
and the resulting tests will continue to have milghsame properties. (p. 12)
Additional research associated with item discraiion has introduced new or
modified versions of previously established indicékarris and Subkoviak (1986), for
example, developed a new index of discriminatiefenred to simply as the agreement
index. In developing the index, the authors hdpecteate a procedure that incorporated

certain aspects of item response theory, but wivech computationally less complex.

DesignatedP(X.), the agreement may be calculated using the faligWiormula:

P(Xc) _ 11— az2 (2.6)

whereay; represents the number of examinees respondingitera correctly;

ay, represents the number of examinees respondingeutly; and

N represents the total number of examinees.
P(Xc) can be interpreted as the probability of agredrhbetween performance on a single
item and performance on the overall examinatioth vdeal items having values equal to
1.00.

In their study, Harris and Subkoviak (1986) coneplaithe selection of items for a set
of examinations using both the agreement indexaaiweb-parameter logistic item response

theory model. The examinations were varied in seofmnumbers of items, including lengths
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of 30, 50, and 100 items, and numbers of examimaagjng between 30, 60 and 120. The
results indicated that the average correlation betwitems selected using these two methods
was 0.91. According to the authors, the corretatias sufficiently strong as to recommend
the use of the agreement index, as estimates ark easier to compute than when using the

two-parameter logistic model.

Credentialing Examinations

In many instances, examinations are developeth®purpose of classifying
examinees into two or more groups. These typésstd, also frequently referred to as
mastery or competency examinations, are used amiaty of fields. Competency
examinations are used in education, for exampleleotify students who may need remedial
instruction, or to determine fitness for graduati@s such, they are not norm-referenced, as
many achievement examinations used in educatiqrbateather are criterion-referenced;
that is, examinees must meet specified standasdsperationalized by a pre-determined
score, in order to pass. Government agencies ted professional organizations use
mastery examinations to credential individuals iragety of fields and occupations.
Doctors, lawyers, and teachers, for example, mas$ pompetency examinations before
receiving the credentials they need to practiad@eir respective fields.

Buckendahl and Davis-Becker (2012) noted that iddi@ls who take competency
examinations are “candidates for a license, cedtiibn, or other credential” (p. 485).
Licenses represent a legal authority to practice particular field and are typically awarded
by federal or state agencies. In order to begaetping in fields requiring a government-

issued license, individuals must complete an aasegtilicensure program. In most cases,
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these programs require the candidates to pass petenty examination. In contrast to
licensure programs, certification programs aregovernment-regulated, but rather are
typically managed within an occupational field ard usually voluntary. A certification
attests to the fact that the individual has meaedentialing organization’s standards and is
entitled to make the public aware of his or helfggsional competence.

A primary purpose behind using competency exanonatas a requirement for
granting credentials, both government-regulateshses and certifications, is ensuring that
individuals are properly qualified to practice ireir respective fields. The requirement made
by many states for certain occupations to obtaenisure is also driven by the desire to
promote public safety. According to tBéandardfAERA et al., 1999):

Tests used in credentialing are intended to prothdegoublic, including employers

and government agencies, with a dependable mechdoisdentifying practitioners

who have met particular standards. Credentialieg serves to protect the profession
by excluding persons who are deemed to be notfapehto do the work of the
occupation. Tests used in credentialing are desigm determine whether the
essential knowledge and skills of a specified donh@ve been mastered by the

candidate. (p. 156)

By requiring individuals in these occupations btan licensure, the public may be
confident that those providing services will dos@ safe and effective manner. Those
responsible for credentialing programs, howeverstrbalance this consideration with the
need to ensure credentialing requirements aremsirsigent so as to prohibit those who
have been trained and who may be qualified frorotfmiag in the field (Clauser, Margolis,
& Case, 2006). In some situations, marginally deal practitioners may be better than too

few or no practitioners. In these cases, the pubight actually be harmed by exceedingly

high credentialing standards.
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Government and professional organizations have esaminations to regulate a
variety of occupations for hundreds of years. @kencivil servants, for example, have been
required to pass written examinations for neargeimillennia, with similar requirements
for the medical and legal fields in place sometbeéore 500 B.C.E. (DuBois, 1970).
Modern use of credentialing examinations originatedh large degree, in the medical field.
Garcia-Ballester, McVaugh, and Rubio-Vela (1988dd several factors behind the rise of
government-regulated standards in the medical.fi@lshong these included: a concern for
quality healthcare; a desire to restrict accesbedield to those already practicing, in
essence creating a monopoly for current practitgyrend political confrontations over the
power to regulate certain occupations.

Today, government agencies continue to regulagvangrowing number of fields.
Atkinson (2012) listed the occupations in eachesthat required licensure as of 2010.
California, at the top of the list, licensed 17dfpssions. Nine additional states licensed
over 100 occupations each. Missouri, the statle thi¢ fewest number of licensed
professions, required licenses for 41 occupatidrable 2.1 lists the ten states with the most

and fewest licensed occupations.
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Table 2.1

States with Most and Fewest Licensed Occupations

Rank State Licensed Rank State rsed
Occupations Occupations

1 California 177 41 Caldo 69

2 Connecticut 155 42 Mddakota 69

3 Maine 134 43 Mississippi 68

4 New Hampshire 130 44 Hiawa 64

5 Arkansas 128 45 Pennsybtvan 62

6 Michigan 116 46 Idaho 61

7 Rhode Island 116 47 Soudinolina 60

8 New Jersey 114 48 Kansas 56

9 Wisconsin 111 49 Washimgto 53
10 Tennessee 110 50 Missouri 41

Note. Information derived from Atkinson (2012).

A common subject in the literature associated widdentialing examinations is the
procedures by which these tests are developedie6tialing examinations, not unlike other
tests, must be developed in a manner that prodecels of reliability and validity that
support the inferences the resulting tests scarénggnded to make. An important aspect in
the development of these tests is the establishaientut score. The cut score represents
the score examinees must obtain in order to pasexamination, and should, as Cizek

(2012a) pointed out, be established using procedha are as “defensible and reproducible
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as possible” (p. 6). Appropriately, therefore, 8tandard{AERA et al., 1999) recommend
that those responsible for setting standards bec&med that the process by which cut
scores are determined be clearly documented aetslbfe” (p. 54).

The process used to develop cut scores is refesrasstandard setting Although a
thorough review of the many standard-setting mathamies currently in use is beyond the
scope of this study, a brief and general descnpbittypical standard setting procedures is
warranted. During standard setting conferencdgestimatter experts, who are also
frequently referred to as judges or participargsiaw definitions of the knowledge, skills,
and attributes examinees must possess to be deemimdally qualified for inclusion in a
particular proficiency category. For many examnad, these categories may simply
represent those who pass the test, and those whotdDepending on the standard setting
method used, the participants then make judgméatstaither individual examinees or
individual test items. Through a variety of metkaependent procedures, the participants’
judgments are translated into a recommended cu¢ s€once approved by the examination’s
governing body, candidates must score at or aldtveut score in order to pass the test.

The accuracy of classifications made when utilizirgdentialing examinations with
cut scores is, of course, critically important.cBese of this, more focus is given to ensuring
precision around the cut score. According toShendard4AERA et al., 1999):

Tests for credentialing need to be precise in tbiaity of the passing, or cut,

score. They may not need to be precise for tinseclearly pass or clearly fail.

Sometimes a test used in credentialing is desigméd precise only in the

vicinity of the cut score. (p. 157).

The above quote is of particular relevance to tiveenit study. As discussed

previously, traditional methods used to calcultgeidiscrimination values consider scores

of all examinees, regardless of their proximitgiie examination cut score. By restricting
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the scores upon which discrimination values areutaled to those near the cut score, more
precision is applied to those for whom the accu@Edye cut score is most relevant and
consequential.

The knowledge and skills needed to practice imbeel fields changes periodically.
In many instances advances in technology or metbbpgsactice drive these changes. As
such, the examinations used to credential indivgluethese fields must also be altered to
reflect the changes. When such changes occuextimaination cut score must also be
reevaluated. Again, tigtandard4AERA et al., 1999) describe the importance aof thi
process:

Practice in professions and occupations often changr time. When change is

substantial, it becomes necessary to revise thatiten of the job, and the test

content, to reflect changing circumstances. Whajor revisions are made in the
test, the cut score that identifies required pestormance is also reestablished.

(p. 157)

In addition to research associated with the eistaflent and use of cut scores, the
literature related to credentialing examinations &lso emphasized issues related to
examination validity and reliability. Researchkeve focused on how these principles,
critical to the development of any test, specificeglate to credentialing examinations.

According to theStandardAERA et al., 1999), test validity is “the degteewhich
evidence and theory support the interpretatioresif $cores entailed by proposed uses” (p.
9). The interpretation of test scores producedrbgentialing examinations is that
examinees who pass the test are qualified to re¢be/associated credential and, therefore,
are qualified to practice in their respective feeldAccording to Clauser et al. (2006):

Because the primary interpretation based on sdmeslicensing and certifying tests

is that the examinee is (or is not) suitable foetised or certified practice, it follows

that a central issue of validity theory in this t®x is the question of whether the test
scores properly classify examinees. (p. 716)
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Obtaining the evidence necessary to support clainegamination validity is referred to as
test validation. Cizek (2012b) summarized thipss:

Validation is the ongoing process of gathering, suamzing, and evaluating relevant

evidence concerning the degree to which that eeelenpports the intended meaning

of scores yielded by an instrument and inferenbesitastanding on the characteristic

it was designed to measure. (pp. 35-36)

As it specifically relates to credentialing exantioas, gathering validity evidence
can, at times, be somewhat challenging. Whereaddfree to which credentialing tests
accurately classify examinees is the critical vgfidoncern, it follows that a thoughtful
analysis of this question might compare the perforoe of examinees who pass the
examination with those who fail. Examinees whd faowever, are typically not allowed to
practice in the field, and, therefore, such congmars are normally not possible (Clauser,
Margolis, & Case, 2006).

A more realistic approach to gathering validitydance for credentialing
examinations may be one in which evidence supppttia appropriateness of the
examination’s interpretive argument is identifieficcording to Kane (1992):

A test-score interpretation always involves anrjprtetive argument, with the test

score as a premise and the statements and dediswahged in the interpretation as

conclusions. The inferences in the interpretiveiargnt depend on various
assumptions, which may be more-or-less credibkecaBse it is not possible to prove
all of the assumptions in the interpretive argumgms not possible to verify this
interpretive argument in any absolute sense. Tkethat can be done is to show that

the interpretive argument is highly plausible, givadl available evidence. (p. 527)

According to Clauser et al. (2006), an area thatirticularly important to the

interpretive argument made by credentialing exationa is evidence that the test was

constructed using rigorous development procedufbégse procedures must ensure that the
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examination content realistically reflects the kiexge and skills needed by those seeking
licensure or certification.

Raymond and Neustel (2006) underscored the impmetahensuring that the content
associated with credentialing examinations refgecéguirements for safe and effective
practice in the fields for which credentials areaashed. According to the authors, this can be
accomplished through the use of practice analygieish “identify the job responsibilities of
those employed in the profession” (p. 181). A@tenducting these analyses, the knowledge,
skills, and attributes of the associated respolits#si may be obtained. These, in turn, aid
developers in establishing a test blueprint, océjpation. Raymond and Neustel listed
several useful tools to aid in the conduct of pcacanalyses, including task inventory
guestionnaires, task statements, and job respttisgscales.

Although the majority of their study evaluatedioas methodologies used to ensure
appropriate content, Raymond and Neustel (2006)tatshlighted the importance of using
empirical data, such as computed “statistical iesliof item-domain congruence...” to
inform the item selection process (p. 206). Thacpss, inevitably, includes an analysis of
the discriminating power of potential examinatitems.

Clauser et al. (2006) also examined methods wsetkntify appropriate content for
credentialing examinations. Like Raymond and N&y&006), the authors emphasized the
importance of generating job responsibility inver@s. In order to limit the size and scope
of the examination, however, Clauser et al. sugglesdstricting task inventories to those
activities that ensured public safety:

The topic of task list should include only thoseneénts that are necessary to protect

the public; entries that might be necessary focess in the field but are not required
for safe practice should be omitted. (p. 705)

29



Reliability is also the focus of considerable egsht related to credentialing
examinations. Put simply, examination reliabilgythe “desired consistency (or
reproducibility) of test scores” (Crocker & Algina0Q08, p. 105). Over time, several
methods have been developed to measure reliabii#yly procedures relied on
administering the same examination multiple timeslizing the test-retest method, for
example, the developer administers an examinabi@group of examinees, waits a
predetermined amount of time, and then re-admnsistee examination. The correlation
between examinee test scores, referred to in timtegt as theoefficient of stabilityis then
calculated (Crocker & Algina, 2008). Similar metlsaequire administering alternate test
forms to examinees and calculating the correldbemveen scores on the forms.

Other approaches used to estimate reliability oalgingle administrations of
examinations. One such procedure is the splitthathod, in which a single examination
form is administered to a group of examinees. Befoe test is scored, however, the
examination is divided into two equivalent halv8%e halves are scored as if they were
separate examinations, and the correlation bettestrscores is calculated for each
examinee. The method assumes that the halvesriatly parallel. In addition, because the
split-half tests contain fewer items than the whetamination, the coefficient
underestimates the reliability of the full-lengést The Spearman Brown correction was
designed to overcome this problem (Crocker & Algi2@08).

Some of the most popular reliability estimatesyéeer, rely on covariances between
examination items. Possibly the most popular naitdeveloped by Cronbach (1951),

produces a unique estimate for the internal cagrstst of test scores. The method,
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commonly referred to as Cronbach’s alpha, or colefiit alpha, can be calculated using the

following formula:

&:L[l_z&fj 2.7)

k1 o2

wherek is the number of items on the examination;

o’ is the variance of iteri) and

5'f is the total test variance (Crocker & Algina, 208

Using coefficient alpha, it is possible to treatlegest item as a subtest and, therefore, to
estimate the degree of reliability between the estist
Although coefficient alpha is commonly used a®stimate of reliability for all types
examinations, including those used to credentdividuals, the literature suggests that other
forms of reliability estimates may also be appraf@iwhen an examination is used to make
classification decisions. According to Haertel@gn
When continuous scores are interpreted with redpemte or more cut scores,
conventional indices of reliability may not be apprate, and the standard error of
measurement may not be directly informative conogrolassification accuracy.
Such cases arise when examinees above a cut searlassified as passing or
proficient, for example. Instead of standard exrasers may be concerned with
guestions such as the following: What is the pbdlig that an examinee with a true
score above the cut score will have an observee sow the cut score, or
conversely? What is the expected proportion ofreraes who would be differently
classified upon retesting? (p. 99)

Classification decision consistency indices havenlseveloped to measure the

degree to which the same decisions are made frandifferent sets of measurements. One

of the earliest indices, referred to simplylés n loa explained using a two-by-two table,
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similar to that shown in Figure 2.2. The cellshe table represent the proportions of

examinees who are classified as either mastersremasters after taking different forms of
the same examination. The cell labeled , for examppresents the proportion of

examinees classified as masters by both forms. c@héabeledPio represents the
proportion of examinees classified as masters ubiadirst form, but as non-masters using

the second form.

Decisions Based on Form 1

Non-master Master
. Non-master Poo Po1
Decisions Based
on Form 2 ~ "
Master P1o P11

Figure 2.2. Probabilities of consistent classifications udivg forms (Crocker & Algina,
2008)

The estimated probability of a consistent decisibarefore, can be calculated using the

following formula:

FA’: |511+ Isoo (2.8)

Values for P can range between 0.00 and 1.00, wii fepresenting complete

inconsistency and 1.00 representing total consigten
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Although P was recommended as a measure of clagificdecision consistency
(Hambleton & Novick, 1973), the index is not withdlaw. For example, a value greater
than 0.00 would be expected by chance, even ifitb@surements used were uncorrelated.
In an effort to overcome this situation, Swaminatitdambleton, and Algina (1974)
recommended using Cohen’s (196Q)s a measure of classification decision consigtenc

The coefficient can be calculated using the folluyviormula:

P—-Pc
K= 2.9
1-Pc 29)

whereP, also referred to as tlubance consistengis the probability of a consistent

decision, and may be calculated using the folloviorghula:

Pc=P1P.1+PoPo (2.10)

The four elements used to calculBteepresent the margin sums in the hypotheticaétabl
displayed in Figure 2.2. That B; represents the probability of a mastery clasdificeon
one form andP; represents a similar probability on the other fofflne same holds true for

Po. andP o, which represent misclassifications on the formke interpretation ok is

somewhat different than that ¢ | as it represtdrgsncrease in decision consistency over
that expected by chance. The coefficient is 0.88mthere is no increase, and 1.00 when
there is maximum increase (Crocker and Algina, 2008

A limitation of the classification decision corteiscy indices discussed thus far is

that they each require multiple administrationsbkviak (1976) and Huynh (1976)
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developed procedures by whierand k¥ could be estimated from a single administnati

The approaches produce estimates using a hypahttim that is exchangeable with the
examination from which data is gathered (Crockeklgina, 2008). Huynh’s method has
been shown to produce fairly accurate estimate afid x for parallel tests with as few as 10
items (Subkoviak, 1978).

Issues related to the validity and reliabilityooédentialing examinations are also
significant when the legal defensibility of suckteeare considered. According to Atkinson
(2012), “as the number of regulated professionciwhse an examination as one criterion of
eligibility increases so will the likelihood of adal challenge” (p. 506). Although much of
the attention competency examinations receive iherscore that defines passing and
failing, Atkinson found that legal challenges rgrebntest the cut scores themselves. Rather,
legal challenges are focused on the entire testldpment process. According to Atkinson:
“The basis for legally substantiating an examinapoogram and its Pass/Fail determination
discriminating between those recognized as estabfscompetence and those who have not,
will necessitate an analysis of the entire exanonadevelopment...” (p. 511).

Legal defensibility is an important consideratioithm the context of the current
study because item analysis, including the calmrand evaluation of item discrimination
values, is a critical step in the test developnpeatess. If calculating discrimination values
using only restricted samples of examinee respasgesre appropriate for credentialing
examinations, the issue becomes relevant to ttie tefensibility.

Very few studies have assessed the role item thatation plays in the development
of credentialing examinations. Although not spedid credentialing tests, Harris and

Subkoviak (1986) discussed the importance of itesaronination in the development of
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mastery examinations in general. They advocatedldging tests that maximize score
differences between groups who pass and fail, vamteiltaneously minimizing score
differences within these groups:

For a mastery test, this means selecting itemgiiatiminate between masters and

non-masters, as opposed to within masters andnwiibin-masters. The consensus

appears to be that a good mastery item is one whagters answer correctly and

non-masters answer incorrectly. (p. 496)

More closely related to the current study, Bucldnénd Davis-Becker (2012)
conducted research regarding the establishmerdssiqpg standards for credentialing
examinations. Although the majority of their wakphasized the processes used to develop
recommended cut scores for credentialing teststitandot methodologies used to conduct
item analysis, the authors highlighted an importamtsideration related to the development
of credentialing examinations. The organizati@sponsible for credentialing individuals
often do not have the resources needed to suppadpects of a comprehensive test
development process. Raymond and Neustel (2006 ualderscored this point. According
to them, “credentialing organizations often lack thsources required for the types of
thorough experimentation and investigation requicesupport [their] claims...” (p. 205).
This is an important consideration within the canhtaf the current research because it may
explain, at least in part, why item analysis fadantialing examinations frequently must
rely on small samples of examinee responses. @tialieg organizations, in many cases,
simply do not have resources available to colleetiarge numbers of responses necessary to
conduct a more complete analysis of potentialitests. In some cases, these constrained

resources are not only financial in nature, butadse related to the fact that in many fields,

the pool of potential examinees is relatively small

35



Test Development with Small Samples of ExamineeBeses

An important aspect of the current study is thattilizes tests for which relatively
small numbers of examinee responses are availabien analysis. As discussed earlier,
this is a realistic condition under which many @aetibling examinations are developed.
Jones, Smith, and Talley (2006) characterizedsihigtion as one in which fewer than 200
examinee responses were available for analysiséieliecause the testing program is new or
because the target population is inherently snfpll487).

A primary consideration in such situations is pinecess by which field-test data may
be gathered for further analysis. According to$tendard{AERA et al., 1999), this
process should be documented and should utilizenees drawn from the population for
which the examination was constructed:

When item tryouts or field tests are conducted pitoeedures used to select the

sample(s) of test takers for item tryouts and #seilting characteristics of the

sample(s) should be documented. When appropti@esample(s) should be as

representative as possible of the population(syvfach the test is intended. (p.44)
According to Jones et al. (2006), for examinationth relatively small numbers of possible
test takers, this recommendation can be challerigieguse the developer must be in a
position “to make sound statistical inferences e/fbrking within the constraints imposed
by the testing system; namely, that there are feélgar 200 test takers available to participate
in field testing — perhaps far fewer” (p. 493).

Millman and Greene (1989) suggested starting wipineliminary tryout of test items
given to as few as five or six members of the tapgg@ulation or subject matter experts. The
tryout would be followed by interviews aimed at@saining the examinees’ thoughts

regarding the test and individual test items. 3ateal. (2006) also provided

recommendations for dealing with examinations faroh relatively small pools of
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examinees are available. They suggested recratstgatified sample of examinees that is
distributed similarly to the projected populatioBuch a strategy can help ensure that the
sample is diverse enough to allow for a meaningballuation of the items’ discriminating
properties.

Once field-test data is collected, a determinategarding the appropriate
measurement model to use must be made. As discpss@ously, in many cases, analysis
of items may be limited to classical test theosypther models, such as item response
theory, require larger numbers of examinees. Jehak (2006) examined the potential use
of various measurement models under three differemdlitions: (a) when there are no
pretest data, (b) when a pretest sample i\b+al00 is available, and (c) when a pretest
sample ofN = 100 to 200 is available.

According to Jones et al. (2006), when no itenpoese data is available, developers
must rely on rigorous item review procedures timapleasize item appropriateness, alignment
with test specifications, content domain repredergaess, potential item bias, and the
adequacy of instructions. The previously descrimedmmendation by Millman and Greene
(1989), that the items may be administered to @thof subject matter experts, may also
be beneficial. Thorndike (1982) suggested that id&fficulty and discrimination parameters
might be estimated using regression analysis. dpwsoach requires previously used items
with known item parameters as well as judges whimese the difficulty of new items.

For examinations with sample sized\of up to 100, Jones et al. (2006) found item-
level statistics, to include item discriminatioriues, to be stable using classical test theory
procedures. Citing a study conducted by FarisB4)L2he authors found that when utilizing

a random sampling of examinee responses, itemimis@tion values converged with full
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sample statistics whev was as small as 40. According to Jones et al.tH# end, if the
item pool is small, sample sizes as lowNas 50 may provide enough information to select
desirable test items for inclusion in new test fetifp. 506). The authors also discussed the
use of item response theory for samples in thigeart-or tests being developedr 100
examinee responses, they found that the one-pagafogtistic model could be effective in
estimating item difficulty. The one-parameter mipods discussed earlier, however, holds all
discrimination values as equal, and, thereforaptsappropriate for studies investigating the
role of discrimination in item selection.
Finally, for sample sizes &f = 100 to 200, Jones et al. (2006) found that waks
test theory and item response theory proceduretipeal stable item parameters, which
“facilitates making reliable item selection decrssowithin a larger item pool” (pp. 506-507).
In addition to the research conducted by Jonak €2006), other studies have
compared the utility of classical test theory aedn response theory in dealing with small-
scale examinations. Not surprisingly, for examora with 200 or fewer examinee
responses, most suggest using classical test thétagbleton and Jones (1993), for
example, found that whereas the number of casesreglo use item response theory

depended, to a certain extent, on the model bengaed, at least 500 cases were desired.

Summary
The preceding sections described the relevamaliies in three areas: (a) research
related to item discrimination and its role in thst development process, (b) the
development of credentialing examinations, andhi{e)development of examinations when

relatively small samples of examinee data are abkal As seen in the works presented, the
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literature is both wide-ranging and relevant to¢beent study. None of these studies,
however, have examined the calculation and usewf discrimination values as approached
in the current study. That is, none have evaluhted restricting the calculation of item
discrimination values to the scores of examine@s thee cut scores of credentialing
examinations with limited sample sizes affects istection, examination reliability, and
classification decision consistency. The curresearch, therefore, represents a unique and

valuable contribution to the expansion of knowledgthis important field.
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CHAPTER 3
METHOD
Three examinations were used to measure the effsiricting scores upon which
item discrimination values were calculated to thoesar cut scores had on the discrimination
values themselves, item selection, examinatioabgiiy, and classification decision
consistency. Detailed information regarding pgvaats, materials used, and data analysis

procedures are included in the sections that follow

Participants

The participants in this study were examinees @& one of three tests used to
credential individuals in health-related professiors seen in Table 3.1, the number of
participants varied according to examination. ikltilg examinations with various examinee
population sizes allowed for a closer analysisaf lthe dependent variables were affected
by sample size. The examinations used were alsotsd because the examinee population
size for each is relatively small, reflecting retii conditions under which many
credentialing examinations are developed. In eask, the examinee population sizB is
500, thus necessitating the use of classicallesiry procedures, as opposed to other

approaches, such as item response theory, thatweodiharily require larger sampéezes.
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Table 3.1.

Summary of Examination Characteristics

Number of
Examination Type Stakes N ltems Scoring Timing
Examination 1 C M 490 175 D 8 hours
Examination 2 C M-H 161 200 D 4 hours
Examination 3 C L 76 175 D 4 hours

Note. The following legend explains the symbols usethis table:

N = sample size; Type: C = certification; Stakes: Low, M = Medium, H = HighN =
number of examinees; Scoring: D = dichotomous; mgnnumber of hours permitted.

Materials
Three examinations were used in this study. Eaemination was used to credential
individuals in a health-field profession. Respaetest items were used to answer the
research questions. A brief description of ea@mneration used is included in the following

sections.

Examination 1
Examination 1, the largest data set used, includggonses from 490 examinees to a
175-item test used to credential individuals inéhgironmental health field. To be eligible
to take the examination, candidates must hold addacs degree or higher in engineering,
chemistry, physics, or the biological or physiaakaces. In addition, each candidate must

have had at least four years of work experiengbherenvironmental health field. Candidates
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were given eight hours to complete the test. Magrgnation is accredited by the American
National Standards Institute (ANSI, 2013), whicls@mes it meets internationally recognized
standards pertaining to certification of personnighe examination, which is offered
internationally, is considered to have low to medistakes, with certification influencing
some employment decisions. Descriptive statistic&xamination 1 (as well as for the
other examinations used in the study) are includ&able 3.2. In addition, histograms
representing total score distributions for Examorat 1, 2, and 3 are included in Figures 3.1,
3.2, and 3.3, respectively.

As seen in Table 3.2, scores for Examination 1edrgetween 46 and 161 with a
mean score of 111.42. The distribution of scoras slightly negatively skewed, with a
skewness value of -0.44. TB®was 19.55 and theEMwas 5.79. Examination reliability,

expressed in terms of internal consistency usirggfictent alpha, was 0.91.
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Figure 3.1. Histogram of total scores for Examination 1.
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Table 3.2.

Descriptive Statistics for Examinations Used

Examination N No. ltems M SD SEM Min Max Skewness Kurtosis o
Examination 1 490 175 111.42 19.55 5.79 46 161 -0.40 0.30 0.91
Examination 2 161 200 134.2 18.23 5.84 82 174 -0.20 0.02 9.
Examination 3 76 149 115.04 9.01 4.44 93 134 -0.13 -0.35 0.76




Examination 2

Examination 2 is also used to credential individua a health-related field. The data
set included responses from 161 examinees to 30@e¢ens. To be eligible to take the
examination, candidates must have at least aniagssaegree and must be practicing in
the field. Examinees are given four hours to catgthe test. The examination is
considered to have medium to high stakes, withescmfluencing some employment and
retention decisions.

Scores for Examination 2 ranged between 82 andwifd a mean score of 134.27.
The score distribution for Examination 2 was aleghsly negatively skewed, as evidenced
by its skewness value of -0.20. TBBPwas 18.23 and theEMwas 5.84. Examination

reliability, expressed in terms of coefficient adphvas estimated to be 0.90.

40
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Figure 3.2. Histogram of total scores for Examination 2.
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Examination 3

Examination 3, which yielded the smallest datauset, included responses from 76
examinees to 149 test items. The examinationrailyl contained 150 items, but one item
was eliminated from scoring after the examinati@s\wdministered, resulting in 149 scored
items. Examination 3 is used as a credentialiagyfte registered nurses. The intended
purpose of the test is to measure nurses’ undelisiqof diabetes. All examinees were
practicing registered nurses. The examinationafi@sed internationally through a network
of computer-based testing centers. Candidates gveea four hours to complete the
examination. The test is considered to have lakest, with results not impacting hiring or
performance reviews.

Scores for Examination 3 ranged between 93 and TB& mean score was 115.04.
As was the case with Examinations 1 and 2, theiloligion of test scores for Examination 3
was negatively skewed, with a skewness value 86-0The reliability estimate for

Examination 3, again as expressed using coeffickatita, was 0.76.
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Figure 3.3. Histogram of total scores for Examination 3.

Data Analysis
Many of the procedures described in this studyeveenducted using jMetrik item
analysis software (Version 3.0 for Mac; Meyer, 201jB/etrik is an open source computer
program used to conduct a variety of psychometrayases, including item discrimination
value calculation. It also generates descriptiaéstics for examination data sets. In
addition, R (version 2.15.2, GUI 1.53; R Core Tead1,2) was used to conduct several
procedures and to generate graphical products.RTpeckages used to complete these

operations are included in Table 3.3.
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Table 3.3

R Packages Used to Complete Procedures

Package

Functions

base(R Core Team, 2012)
car (Fox & Weisberg, 2011)
cocron(Diedenhofen, 2013)

graphics(R Core Team, 2012)

psych(Revelle, 2013)

psychometri¢Fletcher, 2010)

stats(R Core Team, 2012)

Descriptive statistics
Descriptive statistics
Coefficient alpha significamesting
Histograms
Data plots

Boxplots

Descriptive statistics
Item analysis

Reliability estimates

Correlation analysis
ANOVA

The three data sets were first screened for ngssimiscoded data. As indicated in

Table 3.1, all items in each of the examinatioredusere scored dichotomously; correct

responses were scored with a 1, while incorregtaieses were scored with a 0. Descriptive

statistics, as depicted in Table 3.2, were theoutated for each examination. The remainder

of this section outlines the procedures used twanthe study’s two research questions.
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Research Question 1

The first research question addressed the degnsbith item discrimination values
are affected when those values are calculated ssimigs from samples of examinees within
ability ranges around real or anticipated cut s€orEo begin, unrestricted discrimination
values — those calculated in a traditional mansergiall examinee responses available —
were calculated for all examination items. Caltounrestricted discrimination values was
necessary, as these values served as a baselinstagach the restricted values were
subsequently compared.

The point-biserial statisticis, was used to estimate item discrimination througho

this study. As described previously, the poinehsl is calculated as follows:

ronis= 2% [n—q (3.1)

X

whereu. is the mean total score for those who responbeaatém correctly;

Ux IS the mean total score for the total group ohexaes;

oy IS the standard deviation for the total group airexees;

p is the item’s difficulty index; and

gis equal to (1 p) (Crocker & Algina, 2008).

The point-biserial correlation, which is the obsehcorrelation between item
performance and test performance, was selectedibedas one of the most commonly used
estimates of item discrimination, thus facilitatirggplications of the procedures used in this
study. In addition, previously described resedfbsterhof, 1976; Beuchert & Mendoza,

1979) found differences between estimates prodhgebe various discrimination indices to
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be insignificant. Use of the point-biserial, apoged to any other discrimination statistic,
therefore, was deemed to have not affected theméof the study.

Next, the actual examination cut scorg;,Gvas used as a center point for several
groups of test scores upon which restricted poisg+ial statistics were subsequently
calculated. The actual cut score is defined astbee the examination’s governing body or
agency approved as the minimum score requiredderdo pass the test. The restricted
point-biserials were calculated in the same maasehe unrestricted values, but were based
on fewer test scores. Each group of test scorescestered on the original cut score, but
varied in size according to the following increngent

e Original cut score £ 1.08D

e Original cut score £ .75D

e Original cut score + .58D
Thus, the three groups of test scores upon wheehdstricted point-biserials were calculated
varied in size according to distance from the magjcut score. The largest group included
all examinee scores within 1.@D of the original cut score. The next largest growghuded
those within .755Dof the original cut score. The smallest groupudeld only those scores
within .50SD of the original cut score.

Focusing on smaller groups of test scores ardumexamination cut score allowed
for an increased focus on that portion of the ttistion of scores for which classification
accuracy is most important. According to Clauseal (2006), classification accuracy is the
central issue of validity theory with regards tedentialing examinations. Likewise, the
StandardqAREA et al., 1999) call for precision “in the ingty of the passing, or cut, score”

(p. 157). It seems important, therefore, to clatfife degree to which test items discriminate
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among those examinees who obtain scores near émaiation cut score. It was also
important to assess how the size of the groupsbfsisores considered affected the item
discrimination values. By calculating restrictedadimination indices for the three groups of
test scores described earlier, this analysis wakerpassible.

The process described thus far was repeated aadllitional cut score locations.
These locations were set at the actual cut scaeJBEM(Cyx2) and minus SEM(Cxzs),
and the actual cut score pluSEM(Cxs) and minus ZEM(Cxs). These new cut score
locations then also served as central points aradmch item discrimination values for three
groups of test scores were calculated: scores@3)scores = .7%D, and scores * .50
SD. Calculating discrimination values at these fadditional cut score locations was
important because in many instances the cut scecesnmended by the results of a standard
setting procedure vary from year to year. Adjusttag¢o examination cut scores are not
uncommon, and may be due to changes in the exaonntgelf, or the composition of the
standard setting panel.

When discrimination values are calculated usingtéd groups of examinee test
scores around cut scores, the cut score represemigjue location in the distribution of all
test scores. A change in the location of cut soepeesents a different point in that
distribution. It is helpful to assess, therefdhe degree to which the location of the cut score
affects item discrimination values when those valaiee calculated using limited samples of
examinee test scores. Using the actual cut sasregll as the actual cut score, plus and
minus 1 and SEM as central points around which groups of scoresised to calculate
discrimination values helped to determine how clearig the location of the cut score

affected those values.
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The procedures used to answer Research Questesulied in the calculation of 16
unique discrimination values for each examinattemi 1 unrestricted point-biserial
calculated using all available test scores, ante&ficted point-biserial calculated using
three groups of test scores around each of thectivecores. The location and size of the
groups upon which the 15 restricted values wereutated are depicted in Table 3.4

After the 15 sets of restricted point-biserials @vealculated for each examination
item, the values were compared to their correspmndnrestricted point-biserials. The
initial analysis of differences between the restdcand unrestricted values was based on
visual comparisons. Each set of restricted valesjointly plotted with the corresponding
unrestricted values, allowing for a better underditag of differences and general trends.
Next, a series of boxplots were produced. Eaclplobxepresented one of the 15 conditions
under which the restricted point-biserials weregkgdted. These boxplots were displayed
alongside a boxplot representing the unrestriceddes. The procedure allowed for a visual
comparison of means and the variation of valuewédx the 15 sets of restricted point-
biserials and the unrestricted set.

Actual differences between the restricted and uncésd values were also calculated.
For each condition, the item-level differences weharacterized with regard to their
direction and magnitude. The mean item discrinmmavalue for the examination was also
calculated for each condition. These mean valiere then compared to the mean value of
the unrestricted point-biserials. These procedpresgided further insights into general
trends regarding changes in magnitude and directidine item discrimination values as the

conditions were applied.
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Table 3.4.

Description of Item Discrimination Values Calculdte

Cut score Cut score location  Size of grosed to calculate point-biserial
Cx1 Actual cut score &G +£1.00SD
Cx1 £.75SD
Cx1 £ .50SD
Cxo Cx1 + 1SEM Cx2 £ 1.00SD
Cx2 £.75SD
Cx £ .50SD
Cxa Cx1— 1SEM Cz = 1.00SD
Cxz £ .75SD
Cxsz £ .50SD
Cxa Cx1 + 2SEM Cxa = 1.00SD
Cxs £.75SD
Cxs £ .50SD
Cxs Cx1 — 2SEM Cxs £ 1.00SD
Cxs £ .75SD
Cxs £ .50SD

Note Point-biserial statistics were used to estinitat@ discrimination values.

The procedures described thus far helped to estahlbroader understanding of how
limiting examinee scores upon which discriminat@tues are calculated to those within a
specified distance of an examination cut scorectdfthose values. To examine the degree to
which the differences between restricted an uricéstt values were or were not statistically
significant, however, two addition procedures waweducted. First, a correlation analysis
of the 16 sets of point-biserials was conductelde dorrelation coefficients generated were

tested for statistical significance at the .05 level. A correlation matrix was produced an
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is included in the results. The correlation analy®lped to determine where the
relationships between the sets of point-biseria@svstrongest and weakest. This was
important as it helped to identify those condititimst resulted in the greatest differences
between restricted and unrestricted values.

Next, in order to ascertain the presence of siaiby significant differences among
the sets of point-biserials, a one-way analysisaniance (ANOVA) procedure was
conducted. ANOVA procedures are used to testifterdnces among the means of two or
more samples (Huck, 2008). In this study, itencmisination value was the dependent
variable and the conditions under which the valuere calculated served as the independent
variables. The analysis was used to test for iiffees among the means of the 15 sets of

restricted point-biserials and the unrestricted Jéte null hypothesis tested, therefore, was:

Ho: i =2 =3 =pa = ... s

Four assumptions are associated with ANOVA procesiuiThese include
independence, randomness, normality, and homogerferariance (Huck, 2008). Because
the procedure involved the analysis of the sanmedfatems under various conditions, the
assumption of independence could not be assumedh ré@sult, a one-way repeated
measures ANOVA technique was used to analyze ttae dRepeated measures ANOVAs are
frequently used when participants or other entaéiesmeasured according to some factor
over repeated occasions (Huck, 2008).

The purpose of ANOVA using repeated measures igtiichd to that of those without

repeated measures: to test the null hypothesighbaheans among the groups of data are
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equal. Repeated measures ANOVAs, however, aresalgect to the assumption of
sphericity. This assumption is satisfied whengbpulation variances, as well as all of the
bivariate correlations, are identical (Huck, 2008Yhen the assumption is not met, e
value produced by the ANOVA will be too large. Maly's (1940) test, a procedure
frequently used to assess sphericity, was usddsrstudy to evaluate compliance with this
assumption. The null hypothesis for the Mauch$y ie that the differences in variances
between the groups from which the samples wererdeaw all equal. This null hypothesis

can be expressed in the following terms:

Ho:c2 = O'yzlfy3 = O'yzm...
Violations of the sphericity assumption were coree using an approach developed
by Greenhouse and Geisser (1959). This GreenhBasser technique bases the critieal
value on the degrees of freedom that would hava bBppropriate if only two levels of the
repeated measure had been used. By doing sgpphe@sah assumes maximum violation of
the sphericity assumption, and produces a congesevasstatistic (Huck, 2008). Finally,
analysis of differences was conducted using Tuklegisest significant difference (HSD)
test. All of the procedures associated with threated measures ANOVA used in this study
were tested at the= .05 level of significance.
In sum, then, the procedures used to charactdrizditferences between the

unrestricted point-biserials and the restrictedigalincluded visual comparisons, analysis of

differences in discrimination values at the induadlitem and examination levels, a
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correlation analysis, and ANOVA procedures. Cailety, these procedures led to a better

understanding of Research Question 1.

Research Question 2

The second research question addressed the degubech restricted item
discrimination values affects certain key test #mations, including item selection,
examination reliability, and classification decrsiconsistency. This section outlines the
procedures followed to answer this question.

In order to evaluate how restricted point-bisereffect the aforementioned
psychometric aspects of credentialing examinatieash examination used in this study was
treated as a test bank from which items were ditavaneate two forms of a new 50-item
examination. The bank’s 50 most discriminatingige as determined by the items’
unrestricted point-biserial values, were used éat& a pseudo forriorm A A second
pseudo formForm B,was also created, comprised of the bank’s 50 ahiestiminating
items as determined by the items’ restricted pbisérial values. The restricted point-
biserials used to select items for Form A were thaseexaminee scores within 1.80 of
the actual examination cut score{lC The forms were created for each of the exanunat
used in this study.

After the two forms were created, item selectionsistency across the forms was
evaluated. Because the criteria by which itemswetected for the two forms were
different — Form A utilized unrestricted discrimiitan values and Form B utilized restricted
values — it was anticipated that they would likelglude different items. Any observed

differences in items between the two forms woultlaate that the use of restricted point-
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biserials resulted in the selection of items thatendifferent than those selected using
unrestricted, or traditionally calculated, poinsdials.

Form A and Form B were also used to measure hsiticted item discrimination
values affected examination reliability. The estienof examination reliability used in this
study was coefficient alpha (Cronbach, 1951). @deht alpha was selected because it is a
versatile and widely used measure of examinatibabigty, which requires, unlike other
reliability estimates, only a single test admirasbn. Coefficient alpha was calculated for

the test variants using the following equation:

&:L( —ziiJ (3.2)

wherek is the number of items on the examination;

o’ is the variance of iteri) and

5'f is the total test variance (Crocker & Algina, 208

The coefficients were tested for significant difieces at the = .05 level of
significance using theocron package (Diedenhofen, 2013) in R (R Core Team2R0The
package incorporates earlier work by Alsawalmehkeldt (1994) who developed a model
by which the null hypothesis of equal coefficieltteas among dependent samples can be

tested. This null hypothesis can be stated ifdh@wing terms:

H0=a1—a2=0
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Alsawalmeh and Feldt's model can be expressedeifialfowing terms:

1_0(,\2 (Fv,v), \
- 1-r5,

W.:.

(3.3)

wherea; ando; are the coefficient alpha values for the examamesj and
r’, is the squared correlation coefficient betweenetkemination total scores.

It is important to note, however, that the relidpiestimates for both forms were
calculated using all examinee test scores. Althdbhg items selected for Form B were those
that were most discriminating among examinees toiidl scores within 1.08D of the
original cut score only, using this subset of ssdcecalculate examination reliability for
Form B would have resulted in it being less rekatbian Form A in all cases. This is
because the number of cased\aize, directly affects reliability, with, all othéhings being
equal, examinations with more cases generally mioduarger reliability coefficients than
examinations with fewer cases (Crocker & AlginaQ20 The selection of items for Form B
was based on a substantially smaller number oscaBecause those cases were all within
1.00SDof the cut score, they were also much more homaggetian the group of scores
used to select items for Form A (i.e. all cas@9)e homogeneity of a group of examinees is
an important factor that affects the magnitudeetiibility estimates. In general, higher
levels of group homogeneity result in lower estiesatf reliability because in such
situations, total test variance is diminished (Revc& Algina, 2008). As documented in
Equation 3.2, total test variance is an elemefttténcalculation of coefficient alpha. It was

necessary to base all estimates of reliabilityretfoge, on all test scores available. In
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summary, then, although the items found on Forrméform B were selected using
divergent methods for calculating item discrimipatiestimates of reliability for both forms
were based on all test scores available.

Similar procedures were used to measure the dégrekich using restricted item
discrimination values as the item selection crateraffected examination classification
decision consistency. In this study, Cohen’s (}%60as used to estimate classification
decision consistency. As described in Chaptenecoefficient can be calculated using the

following formula:

P-Pc
K= 3.4
1-P. (34)

whereP, also referred to as tlubance consistengis the probability of a consistent

decision, and may be calculated using the folloviorghula:

Pe=P1P1=PoPo (3.5)

whereP,. represents the probability of a mastery clasgibcaon one form of an
examination;
P, represents a similar probability on the anothenivedent form; and
Po. andP, which represent misclassifications on the forms.
Coefficient k represents the increase in decisiorsistency over that expected by chance.
The coefficient is equal to 0.00 when there ismmease, and 1.00 when there is maximum

increase (Crocker & Algina, 2008).
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The discussion of test forms in the preceding grash may be somewhat confusing
within the context of the current study. Althoutle tests created to answer Research
Question 2 are referred to as Form A and Form &y #re treated as distinct non-equivalent
examinations. Their purpose was to make possibksaessment of how using two distinct
methods for calculating item discrimination valad®cted item selection, reliability, and
classification decision consistency. The use oh®within the calculation of Cohen’s
(1960)« refers to equivalent or parallel forms of the saxamination. This does, however,
raise the question of how classification decisionsistency can be calculated using only a
single examination, in this case, Form A and FormMBdifications tox made by Huynh
(1976) allowed for its calculation when only a dengxamination is available. Using this
modification, estimates for classification decisamsistency were calculated for Form A
and Form B.

The difference in classification decision consistebetween the forms was also
tested for significant differences. Using a forendeveloped by Donner, Shoukri, Klar, and
Bartfay (2000), coefficient values for two dependent groups can be testesidarficant

differences. To conduct this test, the followiognula is used:

K1— K2
D= = = ~ =~
[var(x1)+ var(x2) — 2 cov(ky, k2)]

(3.6)

wherek; andk, represent the classification decision consisteatggs for the two

examinations.
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The formula tests the null hypothesis that theetighce between the coefficients is zero:

Ho:Kl-K2:0

The test for differences betweegoefficients was also tested at the .05 level of
significance.

The procedures described in this section were tesadswer Research Question 2.
That is, they led to a determination of the degoeehich using restricted item
discrimination values as a criterion for selectax@mination items affected item selection,
examination reliability, and classification decisiconsistency. The procedures were
conducted for each of the three examination usédisnstudy. By doing so, greater insight
into the role sample size plays in these consiggraitvas possible.

The three variables examined in Research Quegtinamely item selection,
examination reliability, and classification decrsiconsistency, are critical elements in the
gathering of validity evidence for credentialingaexnations. Understanding how
examinations with items that were selected usisgicted discrimination values affects
these specifications, therefore, becomes a valwaigeavor. Again, according to the
StandardqAERA et al., 1999), examinations used for cre@ding individuals “may not
need to be precise for those who clearly passearlgi fail,” as “sometimes a test used in

credentialing is designed to be precise only invibaity of the cut score” (p. 157).
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CHAPTER 4
RESULTS

Utilizing examinee scores from three examinatiossd to credential individuals in
health-related professions, the study examineddigeee to which limiting scores upon
which item discrimination values are calculatedhimse near actual or anticipated cut scores
affected the item discrimination values, item stte; examination reliability, and
classification decision consistency. An initiabfysis of the data used found that there were
no missing or miscoded responses. Proceduresthamdollowed to answer the study’s two
research questions. Research Question 1 addrimsetfect on item discrimination values.
Research Question 2 examined the effect on iteettseh, examination reliability, and
classification decision consistency. The resutsfch research question are addressed in
the sections that follow.

Research Question 1

Research Question 1 examined the effect limitoayess upon which item
discrimination values are calculated to those maearal or anticipated cut scores had on item
discrimination values themselves. To accomplish, the unrestricted point-biserial statistic,
I'obis Was calculated for each examination item. Retstlipoint-biserials were then
calculated for all items under each of 15 condgiofhese conditions, as well as the cut
scores and examinee scores that were considered each condition, are listed in Table
4.1. Differences between the restricted and uncéesd values were then analyzed. The

results for each examination are presented indaligin the sections that follow.
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Table 4.1

Conditions for the Calculation of Restricted Pomserials

Stat/Cut Score Group Examination 1 Examination 2 Examinatin
No. Items 175 200 149
SD 19.55 18.23 9.01
SEM 5.79 5.84 4.44
Cxa 115 128 106
(Actual &) +/- 1.00SD 96 — 134 110 — 146 97 — 115
+/- 0.75SD 101 -129 115 -141 100 — 112
+/- 0.50SD 106 — 124 119 — 137 102 — 110
Cx2 121 134 111
(+ 1SEM +/- 1.00SD 102 — 140 116 — 152 102 - 119
+/- 0.75SD 107 — 135 121 — 147 104 — 117
+/- 0.50SD 112 - 130 125 -142 106 — 114
Cxs 110 123 102
(-1SEM +/- 1.00SD 90-128 104 — 140 93 -110
+/- 0.75SD 95 -123 109 — 135 95-108
+/- 0.50SD 100 — 118 114 -131 98 — 106
Cxa 127 140 115
(+ 2SEM +/- 1.00SD 108 — 146 122 — 157 106 — 123
+/- 0.75SD 112 — 141 127 — 153 109 — 121
+/- 0.50SD 117 - 136 131 - 148 111 -119
Cxs 104 117 98
(-2SEM +/- 1.00SD 84 —122 99-134 89 — 106
+/- 0.75SD 89 - 118 103 -129 91 -103
+/- 0.50SD 94 -113 108 — 125 93-101

Note. Ranges indicate examinee scores considertbe icalculation of item discrimination

values at each cut score location.
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Examination 1

Examination 1, which in terms of sample size wasl#ingest test used in the study,
consisted of 490 examinee responses to 175 it@mme.initial analyses of differences
between restricted and unrestricted discriminati@nes were based on visual comparisons.
First, the unrestricted and restricted discrimimatvalues for each of the five cut scores used
were plotted. Figure 4.1 displays the unrestrict@ldes plotted along side the restricted
values calculated using scores within 1SI0) .75SD, and .505D of Cx; (the actual cut
score). Figures 4.2, 4.3, 4.4, and 4.5 show theesaformation for &, Cxs, Cxs, and Gs,
respectively.

The plots displayed in Figures 4.1 through 4.5 ssgthat unrestricted item
discrimination values are, in general, larger tthar corresponding restricted values. This
appeared to be the case at each of the five cut smrations examined. As the size of the
groups of test scores used to calculate the resiradiscrimination values became smaller,
the discrimination values themselves were genesafigller. For example, item
discrimination values calculated using only scavehin .50SD of the cut scores appeared
to be smaller than values calculated using scorsnw75SDand 1.005D of the cut scores.

To further understand general trends associatddtine differences in the
discrimination values calculated, a boxplot wae @ioduced. As seen in Figure 4.6, the
distribution of unrestricted point-biserials inckdllarger discrimination values than any
other group of values. As suggested by the ptoEsgures 4.1 through 4.5, the boxplot also
indicates that the values decrease as the sibe @roup used to calculate them becomes

smaller.
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Figure 4.6 Boxplot highlighting distribution of item disonination values under each
condition for Examination 1.

To gain additional insights into the discriminaticaiues associated with each of the
15 conditions, several descriptive statistics wetleulated. These statistics are included in
Table 4.2. The descriptive statistics supportitbieds observed in both the data plots
(Figures 1.4 through 4.5) and the boxplot (Figu®.4The mean item discrimination value
for the unrestricted group was = 0.25 (SD= 0.09), which was larger than the mean value
for any other group. In addition, at each cut edocation, the mean item discrimination
value decreased as the size of the group usedcdate the value became smaller. For
example, when scores within 1.8 of Cx; were used, the mean item discrimination value
wasM =0.13 (SD= 0.08). When scores within 0.8 of Cx; were used, the mean
discrimination value wasl = 0.10 SD= 0.07). The mean value wik= 0.07 SD= 0.08)
when scores within 0.58D of Cx; were considered. As displayed in the table, s

consistent for each cut score location. The talde indicates the minimum and maximum
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value for each condition, as well as the rangeatdi@s. In addition, it includes the number
of test scores that were considered for each ofdhditions examined. The set of restricted
values that included the most examinee scoresheasvhich considered scores within 1.00
SDof Cxs. Calculations for this set included 344 scoréke set with the fewest scores
included those within 0.58D of Cxs. For this set, only 152 test scores were used to
calculate the point-biserials.

To further understand the nature of the relatigmsbietween the sets of
discrimination values, a correlation table was picetl. The correlation table is included in
Table 4.3. As seen in the table, 102 of the 12€etation coefficients calculated were
significantly different than zero at tlae= .05 level of significance. Of particular intste
were the relationships between the unrestrictectidignation values and each of the 15
restricted sets of values. In each case, thelatioe coefficient between these sets of values
was found to be significantly different than zefhe strongest correlation observed was
between discrimination values calculated using emaenscores within 1.08D of Cx; and
values calculated using scores between 806f Cxy, r(173) = .84p < .001. The weakest
correlation, .02, was found between four sets dfes In each of these instances, the
correlation was found to be not significantly drifat than zero. The majority of correlation
coefficients expressed positive relationships betwibe sets of values, with only 12 of the

120 coefficients expressing negative relationships.
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Table 4.2

Descriptive Statistics of Discrimination Values Gdated for Examination 1

Cut Score  Group M SD Min Max Range Skew n
Unrestricted 0.25 0.09 -0.05 0.49 0.54 0.11 490
Cx1

+/- 1.00SD 0.13 0.08 -0.05 0.35 0.40 0.35 339

+/- 0.75SD 0.10 0.07  -0.07 0.31 0.38 0.33 287

+/- 0.50SD 0.07 0.08 -0.12 0.25 0.37 0.14 198

o +/- 1.00SD 0.12 0.07 -0.04 0.34 0.38 0.37 317
+/- 0.75SD 0.10 0.07 -0.11 0.27 0.39 0.03 267
+/- 0.50SD 0.07 0.08 -0.14 0.32 0.46 0.12 200
Cxs
+/- 1.00SD 0.14 0.08 -0.06 0.31 0.37 0.11 344
+/- 0.75SD 0.10 0.08 -0.10 0.30 0.40 0.02 255
+/- 0.50SD 0.07 0.09 -0.21 0.32 0.53 -0.05 171
Cxa
+/- 1.00SD 0.13 0.07 -0.05 0.31 0.36 0.17 292
+/- 0.75SD 0.10 0.08 -0.08 0.31 0.39 0.22 240
+/- 0.50SD 0.07 0.09 -0.15 0.30 0.45 -0.13 169
Cxs

+/- 1.00SD 0.14 0.08 -0.07 0.37 0.44 0.13 307

+/- 0.75SD 0.11 0.08 -0.12 0.32 0.44 0.06 239

+/- 0.50SD 0.07 0.10 -0.22 0.33 055 -0.11 152
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Table 4.3

Correlation Matrix of Item Discrimination Values (€alated for Examination 1

xC

Cx2

|2

Ga Cxs

UNR

1.00SD
0.75SD
0.50SD

Cxo
1.00SD
0.75SD
0.50SD

Cxs
1.00SD
0.75SD
0.50SD

Cxa
1.00SD
0.75SD
0.50SD

Cxs
1.00SD
0.75SD
0.50SD

UNR
1.00

0.76*
0.67*
0.41*

0.68*
0.53*
0.34*

0.79*
0.67*
0.45*

0.60*
0.50*
0.34*

0.79*
0.62*
0.34*

1.00SD

1.00
0.84*
0.45*

0.83*
0.69*
0.54*

0.82*
0.76*
0.50*

0.68*
0.61*
0.44*

0.62*
0.50*
0.42*

0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD

1.00
0.59*

0.83*
0.67*
0.55*

0.76*
0.64*
0.53*

0.65*
0.49*
0.22*

0.54*
0.33*
0.12

1.00

0.55*
0.60*
0.27*

0.42*
0.48*
0.22*

0.47*
0.21*
-0.16*

0.38*
0.07
-0.25*

1.00
0.82*
0.59*

0.64*
0.50*
0.34*

0.84*
0.79*
0.48*

0.43*
0.23*
0.06

1.00
0.69*

0.48*
0.27*
0.02

0.81*
0.74*
0.54*

0.26*
0.02
-0.17~*

1.00

0.38*
0.07
-0.24*

0.59*
0.76*
0.42*

0.05
-0.10
-0.17~*

1.00
0.78*
0.53*

0.46*
0.39*
0.19*

0.81*
0.76*
0.47*

1.00
.88* 1.00
™3 0.14
®t -0.08
07 -0.08
as 0.61*
0.66*0.65*
5* 0.43*

1.00

0.81* 1.00

0.48* 0.63* 1.00

0.30* 0.15* -0.02 1.00

0.08 0.02 0.05 0.82* 1.00
-0.06 -0.02 0.20* 0.46* 0.62* 1.00

Note. *p =< .05.



The final procedure performed for each examinatvgh respect to Research
Question 1 was the one-way, repeated measures ANOWS was used to test for
differences among the means of the unrestrictedtidigation values and the 15 sets of
restricted values. In the ANOVA conducted, theedmination values served as the
dependent variable and the conditions under wlnobkd values were calculated served as the
independent variables, or groups. The purposkec&nalysis was to test the null hypothesis
that the group mean discrimination values were lequa

The analysis began with an evaluation of ANOVA aggtions. The discrimination
values, which served as the dependent variables m@rindependent. Each group in the
ANOVA consisted of the same subjects, or in thsec@xamination items, tested under
different conditions. Because of this, a repeatedsures ANOVA approach was taken.
Normality was assessed using two procedures., BiestShapiro-Wilk normality test (R
Core Team, 2012) was performed. The procedurs tiestnull hypothesis that the data are
normally distributed. The results indicated thabat one of the sets of data was normally
distributed. The set for which the null hypothesas rejected included values calculated
using scores within 1.08D of Cx;, W = 0.98p = .04. Assessing skewness values was the
second test for normality. As seen in Table ©&,9kewness value for each of the sets of
data fell between -1.00 and 1.00. According toiH{Z008), skewness values that fall within
this range are typically considered to approxinzat@rmal distribution. Based on this
criterion, the data were deemed to have sufficyesdtisfied the assumption of normality.

Because the procedure involved a repeated measppesach, the data also needed
to satisfy the assumption of sphericity. In aitiadal ANOVA procedure, that is, one that

does not involve repeated measures, sphericitgtiseguired, but rather the assumption of
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homogeneity of variance is tested. Sphericityatssiied when the variances and bivariate
correlations among the sets of data are equal (HG8). This assumption was tested
using Mauchly’s (1940) procedure, which tests tak lypothesis that the variances and
bivariate correlations among the groups are equhé results of Mauchly’s tedty < .001,p
<.001, indicated that the assumption of spherigég not met. When the assumption is not
met, theF-statistic will be positively biased and, therefdtes risk of Type | error increases.
The Greenhouse-Geisser (1959) correction, estintatbde = 0.28, was applied to the
degrees of freedom in order to obtain a valid@lt--value. The results of the ANOVA, to

include the Greenhouse-Geisser correction for sghgrare included in Table 4.4.

Table 4.4

Results of the One-way Repeated Measures ANO\Exé&mnination 1

Source Model SS df MS F p

Condition Sphericity Assumed 5.265 15.000 0.351 94.539 <.001*
Greenhouse-Geisser 5.265 4.200 1.254 94539 < .001*
Corrected

Error Sphericity Assumed 9.6902610.000 0.004
Greenhouse-Geisser 9.690 730.800 0.013
Corrected

Note. The Greenhouse-Geisser correction, estinated 0.28, was used to correct for the
violation of the sphericity assumption. * = Sigo#nt ata = .05 level of significance.
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As observed in Table 4.4, the results of the adece ANOVA indicated that
differences between the sets of values were sagmifly greater than zerb(4.2, 730.8) =
94.539,p < .001. As such, the null hypothesis of equalmseamong the groups of
discrimination values was rejected. To assesseutiffierences existed, Tukey’s honest
significant difference (HSD) test was conductedthdugh Tukey's HSD was utilized to
identify significant differences among all grougig primary objective was to identify
differences between each of the restricted grondgtee unrestricted group. The results of
this analysis are included in Table 4.5. As seehable 4.5, a significant mean difference
was observed between the unrestricted set of dig@tion values and each of the restricted
sets when tested at the= .05 level of significance. In each instance, tiean unrestricted

value was larger than the mean restricted value.
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Table 4.5.

Results of Tukey's HSD Test for Examination 1 -adtricted vs. Restricted Values

Condition Condition Mean difference p
Cut score Group size
Unrestricted G +/- 1.00SD 0.119 .001*
+/- 0.75SD 0.143 .001*
+/- 0.50SD 0.177 .001*
Cxo +/- 1.00SD 0.123 .001*
+/- 0.75SD 0.149 .001*
+/- 0.50SD 0.177 .001*
Cxs +/- 1.00SD 0.101 .001*
+/- 0.75SD 0.149 .001*
+/- 0.50SD 0.182 .001*
Cxa +/- 1.00SD 0.120 .001*
+/- 0.75SD 0.148 .001*
+/- 0.50SD 0.178 .001*
Cxs +/- 1.00SD 0.113 .001*
+/- 0.75SD 0.140 .001*
+/- 0.50SD 0.180 .001*

Note. * = Significant at the = .05 level of significance.
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Examination 2

Examination 2, according to sample size, was ¢cersd largest test used in the
study. Responses from 161 examinees to the 200d&@mination were included in the
analysis. The procedures conducted with respdekamnination 1 were also performed for
Examination 2. In Figures 4.7 through 4.11, theestricted discrimination values are
plotted with their corresponding restricted poirgdsials for each of the five cut score
locations. As was the case with Examination 1 pilloés revealed that the unrestricted
discrimination values were, in general, larger tttenrestricted values. The differences
between the restricted and unrestricted valuesgliery appeared to be, at least visually, less
stark than was the case with the differences obslarvExamination 1. Results of the
boxplot, included in Figure 4.12, also suggested tie unrestricted values were larger than
the restricted values. In addition, at each catestocation, the mean discrimination value
decreased in magnitude as the group of scorestasadculate the values grew smaller in
size.

Descriptive statistics for the sets of discrimioatvalues are included in Table 4.6.
As seen in the table, the largest mean discrinonatalue was associated with the
unrestricted setyl = 0.22 SD=0.12). As was the case with Examination 1, tleam
discrimination value decreased as the size of tbepgof scores considered decreased in
size. The smallest mean discrimination value okegkwas associated with the set of values
calculated using scores within 0.50 of Cxs, M = 0.05 ED= 0.18). This set included 37
examinee scores, which was fewer than for any aéer Values calculated using scores
within 1.00SD of Cx, considered 115 scores, which was more than arey e#t of restricted

values.
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Cx4 for Examination 2.
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Cxs for Examination 2.
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Table 4.6

Descriptive Statistics of Discrimination Values Gdated for Examination 2

Cut Score  Group M SD Min Max Range Skew n
Unrestricted 0.22 0.12 -0.21 0.50 0.71 -0.67 161
Cx1

+/- 1.00SD 0.12 0.12 -0.20 0.36 0.56 -0.17 111

+/- 0.75SD 0.09 0.12 -0.27 0.44 0.71 0.01 85

+/- 0.50SD 0.06 0.13 -0.30 0.40 0.70 0.06 67
Cxa

+/- 1.00SD 0.12 0.11 -0.20 0.43 0.63 -0.18 115

+/- 0.75SD 0.10 0.12 -0.25 0.36 0.61 -0.25 96

+/- 0.50SD 0.06 0.13 -0.35 0.33 0.69 -0.29 64
Cxs

+/- 1.00SD 0.11 0.12 -0.29 0.44 0.73 -0.21 93

+/- 0.75SD 0.08 0.13 -0.42 0.42 0.84 -0.06 76

+/- 0.50SD 0.06 0.14 -0.34 0.39 0.73 0.05 57
Cxa

+/- 1.00SD 0.12 0.11 -0.19 0.39 0.58 -0.19 109

+/- 0.75SD 0.09 0.11 -0.32 0.41 0.72 -0.19 89

+/- 0.50SD 0.07 0.13 -0.30 0.45 0.74 -0.03 57
Cxs

+/- 1.00SD 0.10 0.12 -0.26 0.44 0.71 -0.11 82

+/- 0.75SD 0.09 0.13 -0.27 0.41 0.68 -0.12 60

+/- 0.50SD 0.05 0.18 -0.38 0.62 1.00 -0.02 37
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The correlation matrix developed for Examinatiois thcluded in Table 4.7. Among
the 120 correlation coefficients calculated, 99ev@und to be significantly different than
zero at ther = 0.05 level of significance. The strongest datren observed was between
values calculated using scores within 1SIof Cx, and values calculated using scores
within 1.00SD of Cxg4, r(198) = 0.83p < .001. The weakest correlation observed was
between values calculated using scores within 806f Cx, and values calculated using
scores within 0.75D of Cxs. The correlation between these sets of valueswas
significantly different than zero. The majority adefficients were positive, with only 24 of
the 120 expressing negative relationships.

One-way repeated measures ANOVA was also condfotede sets of
discrimination values associated with ExaminationT2sts for normality were similar to
those conducted for Examination 1. The ShapirdkWdrmality test (R Core Team, 2012)
results indicated that the assumption of normali#g not satisfied for one of the sets of
values. The null hypothesis of normality was regddor the set of unrestricted
discrimination values, W = 0.9p,< .001. As seen in Table 4.6, however, the skes/ne
values for each set of point-biserials ranged betw&.00 and 1.00, indicating the data
approximated normality. The data were, therefdeemed suitable for further analysis.

Mauchly’s (1940) test indicated that the assunmp@ibsphericity had not been
satisfied W< 0.001,p < .001. The Greenhouse-Geisser (1959) correctiorn).28, was
once again applied to the degrees of freedom iardodcombat the effects associated with
the violation of the sphericity assumption. Theules of the ANOVA are included in Table

4.8.
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Table 4.7

Correlation Matrix of Item Discrimination Values (€alated for Examination 2

xC

Cx2

|2

Ga

Cxs

UNR

1.00SD
0.75SD
0.50SD

Cxo

1.00SD
0.75SD
0.50SD

Cxs

1.00SD
0.75SD
0.50SD

Cxa

1.00SD
0.75SD
0.50SD

Cxs

1.00SD
0.75SD
0.50SD

UNR
1.00

0.66*
0.48*
0.33*

0.69*
0.56*
0.36*

0.55*
0.43*
0.25*

0.62*
0.54*
0.27*

0.51*
0.34*
0.22*

1.00SD

1.00
0.69*
0.51*

0.70*
0.71*
0.40*

0.73*
0.70*
0.50*

0.53*
0.35*
0.26*

0.52*
0.35*
0.35*

0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD

1.00
0.70*

0.61*
0.61*
0.48*

0.69*
0.51*
0.53*

0.40*
0.13
-0.14

0.44*
0.13
-0.03

1.00

0.52*
0.51*
0.12

0.53*
0.51*
0.49*

0.26*
-0.11
-0.27*

0.46*
0.10
-0.24*

1.00
0.82*
0.49*

0.41*
0.27*
0.22*

0.83*
0.65*
0.38*

0.29*
0.06
-0.17*

1.00
0.59*

0.37*
0.20*
0.14*

0.78*
0.52*
0.42*

0.17*
-0.05
-0.23*

1.00

0.22*
-0.09
-0.28*

0.52*
0.59*
0.20*

-0.08
-0.25*
-0.06

1.00
0.78* 1O
0.54* TO* 1.00

0.20* GO -0.04*
0.01 18* -0.34*
-0.12*-0.18* -0.14*

0.77* @* 0.57*
0.64* 0.58*0.46*
0.40* 0.56* 0.18

1.00
0.74*
0.48*

0.06
-0.08
-0.21*

1.00
0.59*

-0.13
-0.17*
0.05

1.00

-0.18*
0.11
0.06

1.00
0.71*
0.35*

1.00
0.49*

1.00

Note. *p =< .05.



Table 4.8

Results of the One-way Repeated Measures ANO\Exé&mination 2

Source Model SS df MS F p

Condition Sphericity Assumed 4571 15.000 0.305 27.046 <.001*
Greenhouse-Geisser 4.571 4.200 1.088 27.046 < .001*
Corrected

Error Sphericity Assumed 33.6362985.000 0.011

Greenhouse-Geisser 33.636 835.800 0.040
Corrected

Note. The Greenhouse-Geisser correction, estinsted 0.28, was used to correct for the
violation of the sphericity assumption. * = Sigo#nt ata = .05 level of significance.

As seen in the table, the sphericity-corrected AMQWoduced a significant result,
F(4.20, 835.80) = 27.04f,< .001, indicating that differences among the groeans
existed. Tukey's HSD was used to identify thog&etences. The results of this test are

included in Table 4.9.
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Table 4.9

Results of Tukey's HSD Test for Examination 2 -adtricted vs. Restricted Values

Condition Condition Mean difference p
Cut score Group size
Unrestricted G +/- 1.00SD 0.096 <.001*
+/- 0.75SD 0.128 <.001*
+/- 0.50SD 0.153 <.001*
Cxo +/- 1.00SD 0.095 <.001*
+/- 0.75SD 0.116 <.001*
+/- 0.50SD 0.152 <.001*
Cxs +/- 1.00SD 0.108 <.001*
+/- 0.75SD 0.133 <.001*
+/- 0.50SD 0.155 <.001*
Cxa +/- 1.00SD 0.098 <.001*
+/- 0.75SD 0.121 <.001*
+/- 0.50SD 0.148 <.001*
Cxs +/- 1.00SD 0.111 <.001*
+/- 0.75SD 0.130 <.001*
+/- 0.50SD 0.165 <.001*

Note. * = Significant at the = .05 level of significance.

As was the case with Examination 1, significanteddénces were identified between the

unrestricted set of values and each of the restlisets. In each instance, the unrestricted

mean discrimination value was greater than thestncéed mean values.
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Examination 3

Examination 3, which was the smallest test usddisstudy, consisted of 149 items.
Responses from 76 examinees were included in thigsas. The same procedures described
for Examination 1 and Examination 2 were conduftedxamination 3. The plots
depicting the location of unrestricted and restdctliscrimination values for each cut score
considered are included in Figures 4.13 througii.4lnlike the plots highlighting the same
information for Examinations 1 and 2, the plotsExamination 3 indicated no discernable
visual relationship between the unrestricted astricted point-biserials. The restricted
discrimination values, in particular, appeareddaogreatly when compared to those
observed for the previous examinations.

The boxplot, included in Figure 18, indicated ensavhat more familiar pattern, with
the mean discrimination value for the unrestricdetibeing larger than the mean values for
the restricted sets. As was the case with thequeexaminations, the mean discrimination
value for each set appeared to decrease as thef$ieegroup of scores considered
decreased.

Descriptive statistics for the values calculategliacluded in Table 4.10. As the
table indicates, the largest mean discriminatidoevavas that associated with the
unrestricted setyl = 0.16 D= 0.13). This was the lowest unrestricted meaaruiisnation
value among all of the examinations consideretiénstudy. The largest mean
discrimination value among the restricted setsasgmted point-biserials calculated using
scores within 1.0&D of Cx4. This set considered 52 examinee scores, whishmeae than
any other restricted set. The set with the fewastber of scores included those within 0.50

SDof Cxs. Only six scores were included in the calculaitor this set.
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Figure 4.13 Plots of unrestricted and restricted item dmeanation values based on scores within IS@)0.75SD, and 0.56D of

Cxy for Examination 3.




Unrestricted

1.06D

0.75SD

0.50SD

¢6

o |
=1
o | .
=
.
. . ... o * . e % . o .
. o o .
3 . . i o0 A A T . . . e L . o e r3 2 Y o e
. .0 -~ . . . . . .
s e (N St e O * o . o o e O . b o .
Z L DX X o o . . Py . o % . . e . . “ o . - .
g2 o N hd 2 A - 2 0w’ o o 0,0 hJ e o %o oge e Yoy il ° 4
g o ] ry o . T v . v - o
8 ; R R Do . - . o * I & %
3 . ° . . . o *
& . R
0 .
.
o
S A
T T T T T T T
0 50 100 100 50 100 100

Examination Items

Figure 4.14 Plots of unrestricted and restricted item dmeanation values based on scores within IS@)0.75SD, and 0.5GD of

Cx» for Examination 3.
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Figure 4.15 Plots of unrestricted and restricted item dmeanation values based on scores within IS@)0.75SD, and 0.56D of

Cxs for Examination 3.
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Figure 4.16 Plots of unrestricted and restricted item dimeanation values based on scores within IS@)0.75SD, and 0.5@D of

Cx4 for Examination 3.
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Cxs for Examination 3.
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Table 4.10

Descriptive Statistics of Discrimination Values Gdated for Examination 3

Cut Score  Group M SD Min Max Range Skew n
Unrestricted 0.16 0.13 -0.11 0.46 0.58 -0.02 76
Cx1

+/- 1.00SD 0.08 0.17 -0.29 0.57 0.86 0.34 37

+/- 0.75SD 0.06 0.19 -0.42 0.52 0.94 0.09 25

+/- 0.50SD 0.04 0.23 -0.44 0.70 1.14 0.30 17
Cxa

+/- 1.00SD 0.08 0.15 -0.36 0.49 0.84 0.18 43

+/- 0.75SD 0.06 0.17 -0.42 0.49 0.90 0.04 36

+/- 0.50SD 0.05 0.21 -0.52 0.54 1.06 -0.12 25
Cxs

+/- 1.00SD 0.08 0.19 -0.37 0.69 1.06 0.36 23

+/- 0.75SD 0.06 0.20 -0.39 0.55 0.94 0.37 20

+/- 0.50SD 0.04 0.29 -0.62 0.86 1.47 0.24 11
Cxa

+/- 1.00SD 0.09 0.13 -0.21 0.37 0.58 -0.10 52

+/- 0.75SD 0.06 0.16 -0.35 0.50 0.85 -0.02 33

+/- 0.50SD 0.05 0.19 -0.41 0.55 0.96 -0.08 26
Cxs

+/- 1.00SD 0.06 0.28 -0.62 0.86 1.48 0.25 13

+/- 0.75SD 0.05 0.34 -0.77 0.83 1.60 0.16 8

+/- 0.50SD 0.04 0.42 -0.88 0.88 1.76 0.29 6
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The correlation matrix for Examination 3 is inohablin Table 4.11. Unlike the
previous examinations considered, far fewer cotigrla were significant for Examination 3.
Among the 120 correlation coefficients calculat@ay 78 were found to be significantly
different than zero at the= 0.05 level of significance. In addition, 42 tfaxents expressed
negative relationships, which was more than bothnkiration 1 (12) and Examination 2
(24). The strongest correlation existed betweers#t of values calculated using scores
within 1.00SD of Cx, and the set that included scores within BEof Cyx, r(147) = 0.79,

p <.001.

One-way repeated measures ANOVA was also condwithdespect to
Examination 3. Unlike the previous examinatiorsybver, the Shapiro-Wilk normality test
(R Core Team, 2012) identified several groups ¢4 dlar which the null hypothesis of
normality was rejected. The problematic groupsevtkose calculated using scores within
0.75SD of Cxs, 0.50SD of Cxs, 0.75SD of Cxs, and 0.50D of Cxs. An analysis of group
skewness values, however, indicated that eackvitdin -1.00 to 1.00. These values are
included in Table 4.10. Once again, therefore din@sion was made to proceed with the
ANOVA.

The assumption of sphericity was also violatedhwlauchly’s (1940) test producing
a significant resultyV < 0.001,p < .001. The Greenhouse-Geisser (1959) correction,
0.28, was applied to the degrees of freedom taecbthe positively biaselé-statistic. As
seen in Table 4.12, the results of the ANOVA wegaificant, F(4.20, 621.60) = 2.989 =
.016. The results indicated the presence of afgignt difference between at least two of

the group means.
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Table 4.11

Correlation Matrix of Item Discrimination Values (€alated for Examination 3

xC

Cx2

|2

Ga

Cxs

UNR

1.00SD
0.75SD
0.50SD

Cxo

1.00SD
0.75SD
0.50SD

Cxs

1.00SD
0.75SD
0.50SD

Cxa

1.00SD
0.75SD
0.50SD

Cxs

1.00SD
0.75SD
0.50SD

UNR
1.00

0.47*
0.13
-0.06

0.46*
0.28*
0.25*

0.38*
0.33*
0.26*

0.67*
0.36*
0.20*

0.38*
0.28*
0.21*

1.00SsD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD 1.00SD 0.75SD 0.50SD

1.00
0.52*
0.10

0.55*
0.50*
0.56*

0.13
0.36*
0.32*

0.20*
-0.16
-0.22*

-0.01
-0.18*
-0.25*

1.00
0.44*

0.27*
0.14
0.15

0.09
0.21*
-0.08

-0.12
-0.28*
-0.44*

-0.29*
-0.39*
-0.34*

1.00

0.22*
-0.04
-0.30*

0.26*
0.14
-0.43*

-0.39*
-0.21*
-0.10

-0.37*
-0.37*
0.09

1.00
0.79*
0.51*

-0.08
-0.05
-0.23*

0.38*
0.20*
0.34*

-0.18*
-0.04
0.11

1.00
0.66*

-0.28*
-0.23*
-0.31*

0.28*
-0.01
0.08

-0.25*
0.11
0.07

1.00

-0.31*
-0.26*
-0.08

0.44*
-0.24*
-0.23*

-0.10
0.07
-0.02

1.00
0.69*

oD,

0.32* 0.56* 1.00

-0.17*-0.14 0.15

0.05
0.12

A0* 0.14
0a. 0.10

0.72* 0.46* 0.58*

0.49*
0.45*

.0a 0.03
0.1 -0.30*

1.00
0.43*
0.29*

0.11
0.14
0.02

1.00
0.64*

0.19*
0.11
0.06

1.00

0.19*
0.19*
0.11

1.00
0.69*
0.50*

1.00
0. 75*

1.00

Note. *p =< .05.



Table 4.12

Results of the One-way Repeated Measures ANO\Bxé&mnination 3

Source Model SS df MS F p

Condition  Sphericity Assumed 2.104 15.000 0.140 2.989 <.001*
Greenhouse-Geisser 2.104 4200 0.501 2.989 .016*
Corrected

Error Sphericity Assumed 104.188 2220.00 0.047

Greenhouse-Geisser 104.188 621.600 0.168
Corrected

Note. The Greenhouse-Geisser correction, estinsted 0.28, was used to correct for the
violation of the sphericity assumption. * = Sigo#nt ata = .05 level of significance.

The results of Tukey's HSD test are included inl&ah13. Unlike Examinations 1
and 2, significant differences were not observedéen the unrestricted set of values and
each of the restricted groups. Significant differes were not observed between the
unrestricted group and four of the restricted gsouphe groups between which a significant
difference with the unrestricted set was not obesgiimcluded values calculated using scores
with 1.00SD of Cxj, 1.00SD of Cx,, 1.00SD of Cxs, and 1.006D of Cx4. Significant
differences between the unrestricted group and efttte other sets, however, were
identified, with the mean unrestricted discriminativalue being greater than the mean

values of the restricted groups.
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Table 4.13

Results of Tukey's HSD Test for Examination 3 -adtricted vs. Restricted Values

Condition Condition Mean difference p
Cut score Group size
Unrestricted G +/- 1.00SD 0.087 .081
+/- 0.755D 0.105 .008*
+/- 0.50SD 0.128 .001*
Cxo +/- 1.00SD 0.081 .148
+/- 0.755D 0.100 .015*
+/- 0.50SD 0.119 .001*
Cxs +/- 1.00SD 0.088 .068
+/- 0.755D 0.102 .011*
+/- 0.50SD 0.125 .001*
Cxs +/- 1.00SD 0.072 .326
+/- 0.755D 0.103 .010*
+/- 0.50SD 0.111 .003*
Cxs +/- 1.00SD 0.104 .009*
+/- 0.755D 0.113 .002*
+/- 0.50SD 0.124 .001~

Note. * = Significant at the = .05 level of significance.
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Summary — Research Question 1

For Research Question 1, results of the analysisdan visual comparisons
suggested that at each cut score location, thestnitted set of discrimination values was, on
average, greater in value than the restricted Séis was evident in both the plots and
boxplots. It was particularly true for Examinatsoh and 2, but less apparent for
Examination 3, which, according to sample size, thassmallest examination used in the
study. The results of the ANOVA supported thigiahiassessment, indicating that for
Examinations 1 and 2, the difference between thestincted set of discrimination values
and the sets of restricted values was statistisadiyificant. In the case of Examination 3,
the difference between the unrestricted set ofidmsication values and 11 of the 15
restricted sets was significant. Where signifiadifferences were found, the mean

unrestricted point-biserial was larger than the mrestricted item discrimination value.
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Research Question 2
Research Question 2 examined the degree to whkialy testricted item
discrimination values affected item selection, exetion reliability, and classification
decision consistency. The results of the proceddooaducted to answer this research

guestion for each examination are included in dwisns that follow.

Examination 1

To examine the effect restricted item discrimioatvalues had on item selection, two
50-item forms were created. Form A included thera®t discriminating items from
Examination 1, using unrestricted point-biseriagree criterion for selection. Form B
included the 50 most discriminating items, usinginieted point-biserials as the selection
criterion. The set of restricted values used &at¥ Form B was based on scores within 1.00
SDof Cx;. Descriptive statistics for the Examination Infigr as well as for those associated
with the other examinations used in the studyjrasieided in Table 4.14.

The items selected for Form A and Form B are inetlich Table 4.15. As indicated
in the table, selecting items based on their i@stlipoint-biserial value, as opposed to their
unrestricted value, resulted in Form B includingté®ns that were not included in Form A.

The test variants for Examination 1, as well asHwaminations 2 and 3, therefore,
included both similar and dissimilar items. Be@aach form included items that were also
included on its corresponding test variant, depehgamples tests were used when
evaluating differences in reliability and decismomsistency. For each test conducted,
however, a similar test using independent sampegquiures was also performed. In each

case, the result of the independent samples tessideatical to the dependent samples test.
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Descriptive statistics were calculated for theedmination values associated with
both forms. As seen in Table 4.16, the mean disoation value for Form AM = 0.39 ED
= 0.08) was slightly larger than the mean valueFmm B,M = .37 SD= 0.09). To further
investigate the difference in mean discriminatiafues, however, a dependent sampkest

was conducted.
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Table 4.14

Descriptive Statistics of Test Forms A and B -BExthminations

Exam Form M SD Min Max Range Skew n o SEM K* x 95% CI
1
Form A 32.47 8.94 500 49.00 44.00 -0.49 490 0.89 3.01 0.69(.01) [0.67, 0.71]
Form B 30.94 8.65 6.00 48.00 42.00 -0.23 490 0.87 3.13 0.67(.01) [0.65, 0.69]
2
Form A 33.34 8.16 8.00 49.00 41.00 -0.49 161 0.87 294 0.66(.02) [0.62, 0.70]
Form B 34.32 759 17.00 49.00 32.00 -0.32 161 0.85 294 0.63(.02) [0.59, 0.68]
3
Form A 38.97 6.22 24.00 49.00 25.00 -0.62 76 0.83 2.59 0.59(.04) [0.51, 0.67]
Form B 39.76 545 25.00 47.00 2200 -0.94 76 0.78 2.55 0.52(.05) [0.43, 0.62]

Note. * Numbers in parentheses indicatefor «.



Table 4.15

Iltems and Discrimination Values for Form A and Fd8m Examination 1

Form A Form B

Item  Ipbis ltem  rppis Item  rpnis ltem  rpbis

6785 0.573 16375 0.370 6785 0.573 16725 0.369
16720 0.556 15600 0.369 8120 0.553 17240 0.368
8120 0.548 15635 0.366 16210 0.533 2830 0.362
16845 0.521 2830 0.364 16720 0.532 15810 0.350
16210 0.510 3535 0.363 16845 0.513 *3570 0.323
16710 0.489 16840 0.362 16710 0.492 16910 0.312
7240 0.480 16725 0.356 10645 0.473 2900 0.312
10645 0.473 16760 0.355 7240 0.452 *16615 0.309
15450 0.461 12895 0.353 14185 0.447 *16940 0.306
14185 0.446 17240 0.351 15450 0.443 *16135 0.306
17430 0.442 7185 0.340 17430 0.442 *15355 0.300
15905 0.437 16910 0.337 16005 0.438 *15430 0.295
16740 0.436 15585 0.332 10005 0.437 *17595 0.291
16005 0.436 15810 0.329 16740 0.429 *15395 0.288
2545 0.432 15705 0.326 10560 0.407 *16060 0.288
2175 0.427 12960 0.317 15890 0.407 *6620 0.281
5925 0.425 17370 0.317 2175 0.401 *15755 0.280
10005 0.417 16690 0.312 16110 0.395 *16635 0.273
16765 0.415 2900 0.311 2545 0.391 *13695 0.265
15890 0.413 2385 0.300 16765 0.388 *3520 0.260
16110 0.410 17500 0.294 15635 0.385 *16745 0.257
6710 0.407 1870 0.292 3535 0.384 *17010 0.254
13245 0.392 17580 0.278 2250 0.381 *17385 0.249
10560 0.379 16445 0.277 13245 0.380 *12965 0.249
2250 0.374 14275 0.264 15600 0.370 *16305 0.170

Note. * = Item exclusive to Form B.
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Table 4.16

Descriptive Statistics of Form A and Form B Disdriation Values — Examination 1

Form M SD Min Max e Skew
Form A 0.39 0.08 0.26 0.57 0.31 0.51
Form B 0.37 0.09 0.17 0.57 0.40 0.31

The data were first tested for compliance withaksumption of normality. Results
of the Shapiro-Wilk normality test (R Core Teaml12Prevealed that the data were normally
distributed, Form A: W = 0.9 = .14, Form B: W = 0.9 = .21. Results of thietest
revealed that the differences between discriminatedues for Form A and Form B were not
significant,t(49) = 1.66p = .10.

In terms of examination reliability, the estimé&be Form A, = 0.89, was slightly
higher than the estimate for Formds 0.87. These estimates, as well as other déiserip
statistics, are included in Table 4.14. The resithe test for significant differences among
coefficient alphas was significanf488) = 5.93p < .001, and, consequently, the null
hypothesis of equal reliability estimates was rigdc The difference in examination
reliability, therefore, was significant.

The classification decision consistency coeffitienwas also calculated for Form A
and Form B. Huynh’s (1976) modification#pwhich allows for an estimate based on a
single test administration, was used for this paepoAs discussed in Chapter 3, the

classification decision coefficients were to be pamed using a method proposed by Donner
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et al. (2000). Upon further investigation, howewae method required thecoefficients to
be based on multiple test administrations. This m@ possible for the data used in this
study. Additional studies and models were considiebut each required the classification
decision consistency coefficients to be based oltipleitest administrations (Barnhart &
Williamson, 2002; McKenzie et al., 1996; Williamsadupsitz, & Manatunga, 2000) or to
utilize independent samples (Fleiss, 1981; Lipsdliamson, Klar, Ibrahim, & Parzen,
2001). Whereas no identified model for testingngigant differences i coefficients fit the
data and context used in this study@sed on dependent samples from a single test
administration), a test was not possible. The ammspn of classification decision
consistency coefficients, therefore, was limitecmoanalysis of their associated 95%
confidence intervals. These intervals are includebable 4.14.

A degree of caution should be used when charactgdifferences between
statistics using confidence intervals. Whereasmag conclude that a significant difference
at thea = .05 level of significance exists when 95% coafide intervals do not overlap, it
may be misleading to suggest that a significariethce does not exist when the confidence
intervals do overlap. Previous research has shbatrstatistics with overlapping confidence
intervals may, in fact, be significantly differgf@deuyungbo, Thabane, & Markle-Reid,
2009). As seen in Table 4.14, the classificatieciglon consistency estimate for FormgA,
= 0.69(SE=0.01, 95% CI [0.67, 0.71]) was slightly highkan that of Form B¢ = 0.67 GE
=0.01, 95% CI [0.65, 0.69]. Had the 95% confideimtervals not overlapped, the null
hypothesis of no significant difference betweaerpefficients could have been rejected. In

this case, however, the confidence intervals detlap. It is plausible, although not a
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certainty, therefore, that there is no significdifiterence between the classification decision

consistency coefficients associated with Form A Bodn B.

Examination 2

The procedures used to create Form A and Fornt BXamination 1 were also
conducted for Examination 2. As seen in Table dusihg restricted point-biserials resulted
in Form B including 22 items that were not includedrorm A.

Descriptive statistics for the discrimination vadwessociated with the Examination 2
forms are included in Table 4.18. Once againntlkean item discrimination value was
slightly larger for Form AM = 0.37 ED = 0.05), than it was for Form B] = 0.35 ED =
0.08). A dependent sampletest was conducted to test for differences ambagytoup
means. The Shapiro-Wilk normality test (R Coreriga012) indicated that the data
approximated normality, W = 0.98,= .41. Results of thietest indicated that the difference

between mean discrimination values was not sigiti¢(49) = 1.90p = .06.
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Table 4.17

Iltems and Discrimination Values for Form A and Fd8m Examination 2

Form A Form B
Item  Ipbis ltem  rppis Item  rpnis ltem  rpbis
108153 0.524 108155 0.363 108153 0.545 108162 0.338
108486 0.454 108507 0.363 108143 0.502 *60242 0.337
90390 0.450 108146 0.361 108486 0.487 108494 0.336
108492 0.448 59231 0.360 40885 0.443 *40944 0.333
108178 0.443 94586 0.358 90390 0.437 *51781 0.331
108143 0.436 108162 0.357 108487 0.435 *108478 0.328
108138 0.428 108189 0.356 108178 0.434 *108479 0.326
40885 0.423 108494 0.354 51787 0.432 *108144 0.323
51787 0.417 51793 0.348 62140 0.423 *41645 0.321
62140 0.413 108487 0.346 108154 0.423 *108198 0.320
40655 0.413 108182 0.346 40969 0.418 *62132 0.319
94582 0.407 94566 0.338 40992 0.418 108189 0.318
40969 0.402 108156 0.338 41181 0.415 62136 0.316
108509 0.397 108515 0.330 108176 0.409 *108193 0.307
108489 0.394 108166 0.327 94582 0.395 *108197 0.297
108477 0.394 84442 0.326 40655 0.387 *90398 0.265
108154 0.390 108201 0.324 84442 0.376 108515 0.264
40992 0.389 59149 0.319 *108187 0.372 *108481 0.255
108177 0.389 108506 0.317 94566 0.369 *108512 0.252
41181 0.385 108180 0.303 108492 0.366 *108488 0.242
51817 0.380 40668 0.303 108138 0.364 *90400 0.240
40657 0.379 108152 0.298 *59128 0.350 *108158 0.228
108176 0.375 108483 0.295 60258 0.349 *62135 0.225
108204 0.373 60258 0.292 108180 0.343 *108502 0.170
62136 0.368 108167 0.284 108477 0.340 *59138 0.157

Note. * = Item exclusive to Form B.
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Table 4.18

Descriptive Statistics of Form A and Form B Disdnation Values — Examination 2

Form M SD Min Max Rye Skew
Form A 0.37 0.05 0.28 0.52 0.24 0.47
Form B 0.35 0.08 0.16 0.55 0.39 -0.07

As indicated in Table 4.14, the examination religbestimate for Form Ag = 0.87,

was slightly larger than the estimate for FormuB;, 0.85. Further analysis also revealed that

the difference between examination reliability esties was significant(159) = 2.20p =
.03. Thus, the null hypothesis of equal coeffit@phas was rejected.

In terms of classification decision consistence kltoefficient associated with Form
A, x =0.66 SE=0.02, 95% CI[0.62, 0.70]) was slightly gredtean the estimate for Form
B,k =0.63 SE=0.02, 95% CI [0.59, 0.68]). As was the casdn\lixamination 1, the
confidence intervals for the forms associated \Eitamination 2 overlapped. A similar
conclusion, therefore, may be made: It is plaudiide the observed difference in
classification decision consistency between Foramd Form B is not statistically

significant.
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Examination 3

For Examination 3, the use of restricted poinehas resulted in Form B including
22 items that were not included in Form A. Theéems are annotated in Table 4.19.
Descriptive statistics for the discrimination vadder Form A and Form B are included in
Table 4.20. The mean discrimination value for FénM = 0.33 SD= 0.08), was slightly
higher than that of Form BJ = 0.29 D= 0.13). Prior to conducting thdest, the values
were also tested for normality. The Shapiro-Wéktt(R Core Team, 2012) revealed that the
data were normally distributed, Form A: W = 0.98; .74, Form B: W = 0.9 = .18.
Results of the test indicated that the differenesveen mean discrimination values was not
significant,t(49) = 1.85p = .07.

Examination reliability estimates were also cadted for the Examination 3 forms.
As indicated in Table 4.14, the reliability estim&br Form A,a = 0.83, was again larger
than the estimate for Form B,=0.78. Once again, further analysis revealedttiet
difference between examination reliability estinsateas significantt(74) = 2.10p = .04.

Finally, Form A and Form B were compared with relg@ classification decision
consistency. As seen in Table 4.14, the estintatEdrm A,x = 0.59 GE= 0.04, 95% CI

[0.51, 0.67]) was larger than for Form#Bz 0.52 SE= 0.05, 95% CI [0.43, 0.62]).
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Table 4.19

Iltems and Discrimination Values for Form A and Fd8m Examination 3

Form A Form B
Item  Ipbis ltem  rppis Item  rpnis ltem  rpbis
160005 0.540 160048 0.313 160084 0.518 160050 0.310
160041 0.467 160549 0.311 160552 0.516 *160021 0.309
160557 0.455 160055 0.311 160057 0.483 160048 0.307
160034 0.449 160056 0.309 160030 0.464 160064 0.265
160057 0.443 160548 0.308 160074 0.464 160053 0.261
160032 0.443 160011 0.306 160005 0.458 *160013 0.260
160051 0.419 160558 0.306 159998 0.444 160028 0.240
160541 0.417 160559 0.305 160032 0.443 *160047 0.228
160550 0.407 160573 0.298 160557 0.442 *160026 0.214
160029 0.402 160569 0.295 160041 0.422 *160020 0.208
160030 0.400 159999 0.293 160541 0.404 *160578 0.207
159998 0.399 160526 0.290 160051 0.402 *160536 0.200
160074 0.396 160535 0.285 160079 0.398 *160577 0.197
160555 0.396 160018 0.276 160550 0.396 *160025 0.190
160079 0.392 160050 0.263 160055 0.392 *159996 0.176
159997 0.378 160028 0.261 160014 0.365 *160527 0.167
160552 0.367 160035 0.253 160526 0.355 *160072 0.156
160006 0.366 160570 0.247 *160031 0.352 *160039 0.140
160084 0.353 160572 0.245 160006 0.346 *160554 0.129
160547 0.343 160064 0.242 *160540 0.332 *160533 0.125
160564 0.336 160059 0.233 160035 0.331 *160000 0.110
160014 0.335 160046 0.218 160034 0.330 *160575 0.077
160556 0.335 160566 0.196 160564 0.324 *160090 0.074
160537 0.333 160017 0.178 160535 0.312 *160545 0.057
160053 0.315 160089 0.175 159999 0.312 *160568 0.053

Note. * = Item exclusive to Form B.
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Table 4.20

Descriptive Statistics of Form A and Form B Disdnation Values — Examination 3

Form M SD Min Max Rye Skew
Form A 0.33 0.08 0.18 0.54 0.37 0.19
Form B 0.29 0.13 0.05 0.52 0.46 -0.14

Once again, the 95% confidence intervals overlapgpaggesting that a conclusion similar to
those drawn regarding the other examinations mawdwde: It is plausible that the

differences irc between Form A and Form B are not statisticaliypsicant.

Summary — Research Question 2

The procedures conducted to answer Research Quéssiuggested that using
restricted point-biserials as the criterion foreséibn significantly affected the items selected.
For Examination 1, 19 of the 50 items selectedsfanm B were not selected for Form A.
For Examinations 2 and 3, 22 of the 50 items setefdr Form B were not selected for Form
A. Analysis of the item discrimination values iodied that the difference in mean point-
biserial between forms for each examination wassigstificant. The results also revealed,
however, a significant difference in examinatioliatality. For each examination, the
observed reliability estimate for Form A was sligharger than that of Form B. In each
case, further analysis found the difference iratelity between forms to be statistically

significant. Finally, classification decision c@stency was calculated for each form.
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Observed estimates revealed thatilo@efficient associated with Form A was larger than
that of Form B for each examination. Analysisit# ©5% confidence intervals, however,
prevented a rejection of the null hypothesis ofaé@lassification decision consistency
estimates. It is plausible, therefore, that theeobked difference between forms was not
statistically significant. Further discussion arahlysis of the results presented here are

included in Chapter 5.
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CHAPTER 5
DISCUSSION

Three areas of test development were emphasizbdsistudy. First, the role item
discrimination plays in the test development precgas a key aspect of the research.
Second, competency examinations used to credémfiaiduals served as the context.

Third, the study replicated the realistic condifidhat many developers of credentialing
examinations face by using relatively small sampfesxaminees, which, consequently,
necessitated the use of classical test theory guses. Previous research has been devoted
to each of these areas individually. Prior to #tigly, however, no published research has
examined the ways in which these areas interastsu&h, the research represents a unique
contribution to the field of test development.

No study, however, is without limitations. Thisapter begins with an outline of
limitations that affected the research. Next,scassion of the study’s key findings,
specifically as they relate to the research questiis provided. This is followed by
recommendations for future research, practicalicapibns for developers of examinations
that incorporate cut scores to foster categoriealsions about examinees (e.g., credentialing

examinations), and conclusions.

Limitations
The study was affected by two general limitatiofi®ese limitations are presented

below and are discussed in greater detail in tbheoses that follow.
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1. The items used in the analysis were included irfitted versions of their respective
examinations. As such, they potentially may hasenbmore vetted than the types of
items typically under consideration during the itenalysis phase of test
development, which this study sought to replicate.

2. The criteria by which items were selected for tbhenkA and Form B test variants
potentially did not wholly correspond to methodsdiby those who develop

credentialing examinations.

Refinement of Iltems Used in the Study

In many ways, this study attempted to replicatéage aspects of the process by
which credentialing examinations are developede lather types of tests, the process used
to develop credentialing examinations includes \@sthblished steps. These steps were
highlighted in Table 1.1, which was adapted frosesgch conducted by Downing (2006).
As seen in the table, item analysis typically osaluiring the eighth step in this process, a
step labeled “scoring test responses.” Duringdtage of development, analysis of field-
tested items frequently occurs. One componerttisfanalysis is the calculation and
evaluation of item discrimination values.

The procedures conducted in this study, spedyiea they relate to Research
Question 2, sought to imitate item analysis. lghstrimination values were calculated and
used, for example, to select items for the Forrmd Borm B test variants just as they might
be used by test developers to select items foedentialing examination. The items

included in these forms were then used to answsed&teh Question 2. For the items used in
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this study, however, the process of item analyatsdiready occurred. These items were
included in the final version of each of their resfive examinations, and, therefore, were
presumably selected over other less qualified itelise process of item analysis also may
have resulted in some form of modification to tteens, such as changes in wording or order
of response options. A more accurate replicatidh@item analysis phase of test
development might include items that had not yeinbselected for inclusion in the final
version of an examination, but which, along withnypather items, were under consideration
for inclusion in the final version.

Although this limitation represents a slight déxaa from the typical conditions
under which credentialing examination are normdélyeloped, it is unlikely that it affected
the study’s overall findings. The research coneldietas focused on the degree to which
using restricted point-biserials affected the disgration values themselves, item selection,
examination reliability, and classification decisiconsistency. In each instance, the results
of the research with respect to the dependentiasgust named would likely not have been
different had items in earlier phases of developgrbeen used. Exploring the effect less
refined items might have, however, may be valuahktis discussed in greater detail in the

section outlining recommendations for future reslear

Item Selection Criteria
Another limitation associated with the currenteagh is that in creating the forms
used to answer Research Question 2, item discrimmaerved as the sole criterion for item

selection. Although discrimination is typically anportant consideration when selecting
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items for examinations, other factors, which weseaonsidered here, may also determine
the degree to which an item is appropriate forusidn.

One such consideration, for example, maytém difficulty which, for items scored
dichotomously, represents the proportion of exaesneho have answered the item correctly
(Crocker & Algina, 2008). Item difficulty may bd particular importance for examinations
for which examinees are classified into multipleegaries, such as basic, proficient, and
advanced. For these types of examinations, degedapay want to include several items
with difficulty levels that correspond to the var®performance categories. Item
discrimination, in such instances, may be a seaynetansideration.

In most cases, however, item statistics, to inclut®é discrimination and difficulty,
are not the only factors that determine suitabfbtyinclusion in final-version examinations.
According to Livingston (2006), “Statistics alonenniot determine which items on a test are
good and which are bad, but statistics can be tesetentify items that are worth a
particularly close look” (p. 423). Other factohat influence the selection of items are based
on test specifications. Such specifications amneetomes referred to as test blueprints,
because they specify how the test or form is todyestructed (Schmeiser & Welch, 2006).

A test blueprint may specify, for example, thaeaain number of items should be
associated with particular content standards. gJaithird-grade mathematics examination
as an example, a test blueprint may direct that 8D#e items should be devoted to each of
the following: addition, subtraction, simple mplication, geometry, and fractions. As
such, regardless of the statistics associateditgitis related to geometry, 20% of the items
must cover that content standard. Consequenilypibssible that a geometry-related item

with a relatively low item discrimination value mbhg selected, whereas an addition-related
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item with a higher discrimination value may notest blueprints may also stipulate other
examination characteristics, such as the typeteofd to be used (i.e., constructed-response
versus selected-response formats), the orderiiigro$ (i.e., based on difficulty or content
domain), test length, item scoring, and delivergcsfications.

An important aspect of this study was the creatibthe Form A and Form B test
variants used to answer Research Question 2. Bedast blueprints were not available for
the examinations used in this research, item daisodtion was the only criterion considered
when selecting items for inclusion in the pseudwor® Form A included the 50 most
discriminating items using unrestricted discrimioatvalues as the selection criterion. Form
B included the 50 most discriminating items usiestricted discrimination values as the
selection criterion. Had test blueprints been labée, those specifications could have also
been considered. Examination 3, for example, nmredswrses’ understanding of diabetes.
It is possible that the test blueprint requirecegian number of items to cover risk factors for
diabetes, others to cover treatment of diabetabyanothers to cover differences between
types of diabetes. Because test specifications wetr available, considering these types of
issues in the item selection process was not pessib

It is important that the items selected for an exaton match the requirements
outlined in the test specifications because thasteepresent portions of the content
standards. If the items do not sufficiently cothex content standards as specified by a test
blueprint, a case for the validity of the examiaatis more difficult to make. According to
Schmeiser and Welch (2006), “The domains to whest-$core inferences are to be made

serve as examples of the sources of validity ewidehat can be used” (p. 315).
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Although the process used to select items for trenFA and Form B test variants did
not consider these additional factors, the resulsstill important with respect to the
relationship between restricted item discriminatratues and those aspects of test
development examined in this study, namely, itelacsi®n, examination reliability, and
classification decision consistency. Item discnation may not be the only factor
considered when selecting items for an examinabahit almost always is a factor of
consideration. Despite this limitation, therefdtes research findings presented here are still

important and relevant.

Key Findings
The results of the study produced four key findiragee related to Research Question
1 and three related to Research Question 2. Théndings are summarized below. Each

key finding is discussed in greater detail in thet®ns that follow.

1. Restricting the calculation of item discriminatiealues to scores of examinees at
or near anticipated cut scores resulted in lowserdnination values than those
calculated using all examinee scores. (Researckt@nel)

2. Using restricted item discrimination values asgheary criterion for item
selection resulted in the selection of items thatendifferent than those selected
using unrestricted item discrimination values. @&sh Question 2)

3. Examinations comprised of items selected usingicgstl item discrimination
values as the primary selection criterion produslgghtly lower reliability

estimates than examinations comprised of itemgt®eleising unrestricted item
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discrimination values. Differences in reliabilg@gtimates between these
examinations were significantly greater than zg®esearch Question 2)

4. Examinations comprised of items selected usingictstl item discrimination
values as the primary selection criterion produslaghtly lower observed
classification decision consistency estimates thaminations comprised of
items selected using unrestricted item discrimaratialues. The degree to which
these differences were statistically significamiwilver, was uncertain. (Research

Question 2)

Effect on Item Discrimination Values

The purpose of Research Question 1 was to detertheeffect limiting
discrimination values to scores of examinees regrar anticipated cut scores had on item
discrimination values. To answer this questioncpdures were followed that resulted in the
creation of 15 sets of restricted item discrimioatvalues. The sets of restricted values were
based on scores within 1.6, 0.75SD, and 0.505D of five distinct cut score locations. As
observed in Table 5.1, in all cases, mean restritéen discrimination values were smaller
than corresponding mean unrestricted item discation values. For Examinations 1 and 2,
the results of one-way ANOVA analysis indicated tine difference between the
unrestricted set of discrimination values and ezdhe 15 sets of restricted discrimination
values was significantly greater than zero. Thas also the case for all but four of the sets

of restricted discrimination values in Examinati&in
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Table 5.1

Descriptive Statistics of Discrimination Values H-Bxaminations

Examinatid Examination 2 ExamioatB

Cut Score  Group M (SD) n MSD) n MSD) n
Unrestricted 0.25 (.09) 490 0.22 (.12) 161 0.16 (.13) 76
Cx1 +/- 1.00SD *0.13 (.08) 339 *0.12(.12) 111 0.08 (.17) 37
+/- 0.75SD *0.10 (.07) 287 *0.09 (.12) 85  *0.06 (.19) 25

+/- 0.50SD *0.07 (.08) 198 *0.06 (.13) 67  *0.04 (.23) 17

Cxo +/- 1.00SD *0.12 (.07) 317 *0.12 (.11) 115 0.08 (.15) 43
+/- 0.75SD *0.10 (.07) 267 *0.10(.12) 96  *0.06 (.17) 36

+/- 0.50SD *0.07 (.08) 200 *0.06 (.13) 64 *0.05 (.21) 25

Cxs +/- 1.00SD *0.14 (.08) 344 *0.11(.12) 93 0.08 (.19) 23
+/- 0.75SD *0.10 (.08) 255 *0.08 (.13) 76 *0.06 (.20) 20

+/- 0.50SD *0.07 (.09) 171 *0.06 (14) 57  *0.04 (29) 11

Cxa +/- 1.00SD *0.13 (.07) 292 *0.12 (.11) 109 0.09 (.13) 52
+/- 0.75SD *0.10 (.08) 240 *0.09 (.11) 89 *0.06 (.16) 33

+/- 0.50SD *0.07 (.09) 169 *0.07 (.13) 57 *0.05 (.19) 26

Cxs +/- 1.00SD *0.14 (.08) 307 *0.10(.12) 82  *0.06(.28) 13
+/- 0.75SD *0.11 (.08) 239 *0.09 (.13) 60 *0.05(.34) 8

+/- 0.50SD *0.07 (.10) 152 *0.05(.18) 37  *0.04(42) 6

Note. * = Analysis indicated a significant diffeie between these sets of restricted values
and their corresponding set of unrestricted vahigbeo = .05 level of significance.
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One of the reasons the study incorporated thremiegdions, five distinct cut score
locations, and three different bands of examineeescaround those cut score locations was
to evaluate how each of those variables affecteddbults. For Examination 1, which was
the largest sample used in study=(490), and Examination 2, which was the secorgkkt
sample usedh(= 161), the location of the cut score appeardthte little influence on the
outcome of the results. Regardless of eitherdbation of the cut score or the size of the
group around that cut score location consideretidifierence between the resulting sets of
restricted discrimination values and the unregtdctet of discrimination values was found to
be significantly greater than zero. In all casles,mean restricted discrimination values were
smaller than the mean unrestricted discriminatiaie.

Examination 3, which was the smallest sample uséae study 1t = 76), produced
results similar to those identified for Examinasdhand 2, with four exceptions. Although
the observed mean discrimination value for eadh®f®ets of restricted values was smaller
than the unrestricted set, the difference betwkemnrestricted set and four of the restricted
sets was found to be not significantly greater theno. Those four sets included values
based on scores within 1.6 of Cx;, Cx2, Cxs, and Ga.

After completing the initial set of procedures dise answer Research Question 1, it
was determined that additional two-way ANOVA woblel useful in determining the effect
cut score location and examinee score group ssze/el as any possible interaction between
these two factors, had on restricted item discraiom values. The analysis was developed
using five levels for the cut score location fadGx;, Cx2, Cxs, Cxsa, and Gs) and three
levels for the examinee score group size fact®@0(&D, 0.75SD, and 0.50D). The

procedure, like the one-way ANOVA conducted eariiecorporated repeated measures.
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Violations of the sphericity assumption, which aféxl each of the examinations, were
resolved using the Greenhouse-Geisser (1959) ¢mmec

For each of the examinations used, there was mafisgnt main effect for the cut
score location factor or for the interaction of sabre location and examinee score group
size. There was, however, a significant main ¢fi@cthe factor representing the size of the
group of scores considered for each examinatioantixation 1F(1.20, 208.80) = 492.3p,
<.001; Examination Z(1.22, 243.97) = 161.84,< .001; Examination F(1.75, 259.59) =
14.62,p < .001. The analysis confirmed that cut scoratioa did not significantly affect
the magnitude of the restricted item discriminatratues. The examinee score group size
considered when calculating the discrimination galthowever, did significantly affect the
restricted point-biserials. For each examinatamthe size of the group of scores considered
decreased in size, so too did its associated ne@ndiscrimination value.

After the procedures described in Chapter 3 wenelacted, an evaluation of the
differences between unrestricted discriminatiougaland restricted values was conducted at
the item level. That is, for each item in eachnexetion, differences between the
unrestricted discrimination value and the 15 sétesiricted values were examined. The
results of this analysis are included in Table 5TRe table indicates the number of item
discrimination values for each examination thatesitincreased or decreased when the

restricted conditions were considered.
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Table 5.2

Change in Direction of Discrimination Values — Ekaminations

Examinatibn Examination 2 Examinat®n
Cut Score  Group A-(%) +A (%) -A(%) +A (%) -A (%) +A (%)
Cx1 +/- 1.00SD 169 6 165 35 106 43
(96.6%) (3.4%) (82.5%) (17.5%) (71.1%) (28.9%)
+/- 0.75SD 172 3 167 33 106 43
(98.3%) (1.7%) (83.5%) (16.5%) (71.1%) (28.9%)
+/- 0.50SD 168 7 168 32 102 47
(96.0%) (4.0%) (84.0%) (16.0%) (68.5%) (31.5%)
Cx2 +/- 1.00SD 170 5 175 25 109 40
(97.1%) (2.9%) (87.5%) (12.5%) (73.2%) (26.8%)
+/- 0.75SD 174 1 175 25 109 40
(99.4%) (0.6%) (87.5%) (12.5) (73.2%) (26.8%)
+/- 0.50SD 169 6 172 28 102 47
(96.6%) (3.4%) (86.0%) (14.0%) (68.5%) (31.5%)
Cxs +/- 1.00SD 170 5 160 40 110 39
(97.1%) (2.9%) (80.0%) (20.0%) (73.8%) (26.2%)
+/- 0.75SD 171 4 160 40 108 41
(97.7%) (2.3%) (80.0%) (20.0%) (72.5%) (27.5%)
+/- 0.50SD 172 3 166 34 101 48
(98.3%) (1.7%) (83.0%) (17.0%) (67.8%) (32.3%)
Cxa +/- 1.00SD 162 13 164 36 107 42
(92.6%) (7.4%) (82.0%) (18.0%) (71.8%) (28.2%)
+/- 0.75SD 169 6 172 28 110 39
(96.6%) (3.4%) (86.0%) (14.0%) (73.8%) (26.2%)
+/- 0.50SD 169 6 167 33 112 37
(96.6%) (3.4%) (83.5%) (16.5%) (75.2%) (24.8%)
Cxs +/- 1.00SD 171 4 163 37 106 43
(97.7%) (2.3%) (81.5%) (18.5%) (71.1%) (28.9%)
+/- 0.75SD 167 8 160 40 102 47
(95.4%) (4.6%) (80.0%) (20.0%) (68.5%) (31.5%)
+/- 0.50SD 166 9 160 40 93 56
(94.9%) (5.1%) (80.0%) (20.0%) (62.4%) (37.6%)
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As seen in the table, the discrimination value eis¢ed with the vast majority of
examination items decreased when a subset of erarspores was used to calculate the
point-biserials. This was particularly true fordmination 1, where the discrimination values
of 174 of the 175 items, or 99.4%, decreased i sizen their calculation was limited to
examinee scores within 0.BD of Cx.. This was the largest percentage of changeheeit
direction for any group of restricted values acralsgxaminations. For Examination 2, as
many as 87.5% of unrestricted point-biserials des®d in value when restricted conditions
were applied. The largest group of change in Eratron 3 was associated with values
calculated using scores within 0.5 of Cx4. For this group, 75.2% of values decreased.

The relationship between the percentages of iteseridiination values that decreased
under restricted conditions and the examinationpdaisize may also be observed. The most
dramatic changes appear in the restricted setsiagst with Examination 1, which included
the largest sample size. Those changes wererasgtc in Examinations 2 and 3, for
which the sample sizes were much smaller.

The observed decrease in discrimination valuesnnedéricted conditions was likely
due in part to the fact that the samples upon wraslricted values were calculated were
more homogeneous than the samples upon which tinotegtvalues were calculated. As
observed earlier, a key component in the calculaticthe point-biserial statistic is the

standard deviation of scores considered, whichesesig the denominator in the formula:

,0pbis='u+_'uxﬂp/q (51)

O'x
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whereu. is the mean total score for those who responbeaatém correctly;

Ux IS the mean total score for the entire group @ingixees;

oy is the standard deviation for the entire groupxaineinees;

p is item difficulty; and

gis equal to (1 p) (Crocker & Algina, 2008).

All else being equal, therefore, smaller standBdations for the group of scores
used in its calculation will result in smaller pblriserial statistics. In some cases, the
smaller, more homogeneous groups of scores, alithgheir smaller standard deviations,
resulted in positive point-biserials becoming negat The standard deviations of the groups
of scores used to calculate the unrestricted dmsigation values and the restricted values
based on scores within 1.8 of Cx; for each examination are included in Table 5.3. A
seen in the table, the standard deviation of samsed to calculate restricted discrimination
values are smaller than their corresponding uncgéstr values. Although not included in
Table 5.3, the standard deviations for each grdupstricted values becomes smaller in size
as the group used to calculate the values decrease®. The standard deviations of groups
of scores within 1.0&D of each cut score were closer to the standarchteniof all scores,
upon which the unrestricted values were calcult#tad were any of the other sets of
restricted values. This may explain why the ownlyrfsets of restricted values that were not
found to be significantly different than their cesponding unrestricted discrimination
values, as seen in Table 5.1, were each basedogsseithin 1.066D of their associated cut
score. The standard deviations of these groupsares were closer to the standard
deviation of the unrestricted set than were angrosiets of restricted values in Examination

3.

128



Table 5.3

Descriptive Statistics of Selected Groups of Scores

Exam Cut score Group n M SD Min Max Range
1 Unrestricted 490 111.42 19.55 46 161 115
Cx1 +/- 1.00SD 339 115.23 10.06 96 134 38
2 Unrestricted 161 134.27 18.30 82 174 92
Cx1 +/- 1.00SD 111 131.43 9.92 112 148 36
3 Unrestricted 76 115.04 9.01 93 134 41
Cx1 +/- 1.00SD 37 108.57 4.69 98 115 17

Effect on Item Selection

Using restricted item discrimination values asahterion by which items were

selected resulted in the Form B test variant ohea@mination including numerous items

that were not included in the Form A variant, whithized unrestricted values as the

selection criterion. The Form B variant of Exantioa 1, for instance, included 19 items

that were not included in the Form A variant. Hoem B variant of Examinations 2 and 3

each contained 22 items that were not includetlerForm A variants. These values, as well

as other descriptive statistics for the test vasiaised to answer Research Question 2, are

included in Table 5.4. They are also represemdegure 5.1.
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Table 5.4

Descriptive Statistics of Forms A and B Test VasanAll Examinations

No. Iltems
Exam Form M SD Min Max Range Uniqueto n o SEM K* x 95% CI
Form B
1
Form A 32.47 8.94 5.00 49.00 44.00 -- 490 0.89 3.01 0.69(.01) [0.67, 0.71]
Form B  30.94 8.65 6.00 48.00 42.00 19 490 0.87 3.13 0.67(.01) [0.65, 0.69]
2
Form A 33.34 8.16 8.00 49.00 41.00 -- 161 0.87 2.94 0.66(.02) [0.62, 0.70]
Form B  34.32 759 17.00 49.00 32.00 22 161 0.85 2.94 0.63(.02) [0.59, 0.68]
3
Form A 38.97 6.22 2400 49.00 25.00 -- 76 0.83 2.59 0.59(.04) [0.51, 0.67]
Form B  39.76 545 25.00 47.00 22.00 22 76 0.78 2.55 0.52(.05) [0.43, 0.62]

Note. * Numbers in parentheses indicatefor «.



Examination 1 Examination 2 Examination 3

= Unique to Form B . = Common to both forms

Figure 5.1 Pie charts representing breakdown of Form Bvasant items for each
examination.

This finding (i.e., that using restricted item disgnation values when evaluating
items for inclusion in the test variants resultedhe selection of items that were different
than selected using unrestricted discriminatiomies) is important because, in many ways, it
speaks to the validity of such examinations. Tems unique to the Form B variants were
more discriminating for those examinees with tetadres closest to the cut score, than were
the items unique to Form A. Again, according e3tandardfAERA et al., 1999), test
validity is “the degree to which evidence and tlyesupport the interpretation of test scores
entailed by proposed uses” (p. 9). The interpi@tadf scores associated with credentialing
examinations is, of course, that those who pasgukfied to receive certification or
licensure. Selecting items that better discrinrgreahong examinees with scores close to the

test cut score helps to support this interpretation
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This position is also supported by the previousgntroned work of Harris and
Subkoviak (1986), who proposed item selection gatr mastery tests, of which
credentialing examinations are a form. Their warelsm particularly relevant within the
context of the current discussion:

For a mastery test, this means selecting itemgiikatiminate between masters and

non-masters, as opposed to within masters andnwiibin-masters. The consensus

appears to be that a good mastery item is one whagters answer correctly and

non-masters answer incorrectly. (p. 496)

Likewise, TheStandarddAERA et al., 1999) make similar recommendatiorgarding the
importance of emphasizing examinees with totalexoear cut scores:

Tests for credentialing need to be precise in tbimity of the passing, or cut,

score. They may not need to be precise for tinseclearly pass or clearly fail.

Sometimes a test used in credentialing is desigméed precise only in the

vicinity of the cut score. (p. 157).

Although the use of restricted discrimination valueay result in the selection of items that
are less discriminating for examinees who cleaagspor fail the examination, their use in
the item analysis phase of test development, asndected in this research, resulted in the
selection of items that better discriminate amoxan@nees with scores in the vicinity of the
cut score. As such, their use supports the suggesind recommendations outlined in the
preceding quotations.

It is also important to understand how the indnsof items based on restricted
discrimination values affects the consistency withich candidates pass or fail the
examination. To gain a better understanding af éffiiect, a series of tables highlighting the
degree to which item selection affected pass/talsestency were created. Figures 5.2, 5.3,

and 5.4 display pass/fail consistency comparisetwden the full test and both test variants

for each of the examinations used in the studyealch of the figures, the cut score used for
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the full examination was the actual cut scorg;J@nd a proportionally comparable cut score

for the test variants.

Examination 1 (Full)

Pass Fail
212 47
Form A Pass
Examination 1 .
( ) Fail 22 209
Examination 1 (Full)
Pass Fail
203 29
Form B Pass
(Examination 1) .
Fail 31 227
Form A (Examination 1)
Pass Fail
223 9
Form B Pass
Examination 1 .
( ) Fail 36 222

Figure 5.2 Pass/fail consistency tables for Examinatiomd @associated test variants.
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Examination 2 (Full)

Pass Fall
91 7
Form A Pass
(Examination 2) Eail 1 -

Examination 2 (Full)

Pass Fall
97 5
Form B Pass
(Examination 2) Fail . £4

Form A (Examination 2)

Pass Fail
90 15
Form B Pass
(Examination 2) Eail 3 48

Figure 5.3 Pass/fail consistency tables for Examinatiom@ @associated test variants.
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Examination 3 (Full)

Pass Fall
54 0
Form A Pass
(Examination 3) Eail 10 12

Examination 3 (Full)

Pass Fall
59 2
Form B Pass
(Examination 3) Fail . 10

Form A (Examination 3)

Pass Fail
54 7
Form B Pass
(Examination 3) Eail 0 15

Figure 5.4 Pass/fail consistency tables for Examinatiom® associated test variants.

The effect item selection method and, consequeskigmination composition had on
pass/fail rates may be observed in the figuresse®s in Figure 5.2, among those who
passed the full version of Examination 1, 22 exaaswould have failed the Form A variant

and 31 would have failed the Form B variant.
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The figure also illustrates the difference in ptasisiates between the two test
variants. Among those who passed the Examinatiéorth A variant, 36 examinees would
have failed the Form B variant, which used restdadiscrimination values to select items.
Among the candidates who passed the Form B vanarg,would have failed the Form A
variant, which used unrestricted discriminatiornuesl as the selection criterion. As
displayed in Figures 5.3 and 5.4, this was nottdse for Examinations 2 and 3. For each of
those examinations, there were more examinees a$ged the Form B variant (based on
restricted discrimination values) but failed therRAA variant (based on unrestricted
discrimination values) than examinees who passe&d¢nm A but failed the Form B.

The method by which items were selected for inciusn the test variants, therefore,
played an important and consequential role in dateng who passed and who failed the
tests. For two of the examinations used in thid\stthe number of examinees who failed
the variant using unrestricted discrimination valbet passed the variant using restricted
values was greater than those who passed the vasg@g unrestricted values but failed the

variant using restricted values.

Effect on Examination Reliability
For each of the examinations used in this study,es associated with the Form B
test variant, which utilized restricted item disaimation values as the item selection
criterion, produced lower estimates of reliabitityan did the Form A variants, which used
unrestricted discrimination values to select iterfike reliability estimates, expressed in

terms of coefficient alpha (Cronbach, 1951), actuded in Table 5.4. Further analysis
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found the differences in reliability estimates betw the test variants for each examination to
be significantly greater than zero.

A primary consideration when explaining the lowarability estimates associated
with the Form B variants may be their inclusioruofque items that were not included in the
Form A variants. As mentioned earlier in this deapthe Examination 1 Form B variant
included 19 unique items. The Form B variant fgafinations 2 and 3 each included 22
unique items. The presence of these unique iteth®llower total score variances for the
Form B test variants when compared to the Formraigas. As seen in Table 5.4, the
standard deviation of each Form B variant is lothen its corresponding Form A. Like the
point-biserial statistic, total test score variarea factor in the calculations of coefficient

alpha:
&—L[l—zAizij (5.2)
(o}

wherek is the number of items on the examination;

c’is the variance of iteriy and

o2 is the total test variance (Crocker & Algina, 208

Examinations with lower total test variance, consadly, generally produce lower estimates
of reliability.

A comparison of the unique items included in then& variants with the items that
would have been selected had unrestricted discaimoin values been used to select items, as

was done with the Form A variants, is helpful Instrating this point. These comparisons
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are included in Table 5.5. As seen in the table jtems unique to Form B variants in each
case led to scores that produced lower standaidtds and lower estimates of reliability
when compared to the unique items included in theim A counterparts. With the
exception of these items, the remaining items antbagxamination-specific test variants
were identical. The inclusion of the unique Forntens resulted in lower test score

variance, and, therefore, lower reliability estiesat

Table 5.5

Descriptive Statistics for Unique Form A and FormT &st Variant Items — All Examinations

Exam Form No. Iltems n M SD Min Max a SEM
1
Form A 19 490 13.69 3.09 1 19 0.68 1.74
Form B 19 490 12.16 2.93 3 18 0.57 1.93
2
Form A 22 161 14.06 3.75 2 21 0.73 1.96
Form B 22 161 15.05 3.11 7 21 0.60 1.96
3
Form A 22 76 16.79 2.94 5 22 0.66 1.72
Form B 22 76 17.58 2.02 13 21 0.31 1.67

The inclusion of items that better discriminateoaign examinees with total scores
nearest the examination cut score, therefore, appe@ome at a cost. Whereas the use of

restricted discrimination values allowed items ¢oificluded that emphasized the region of
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the cut score, it resulted in lower levels of g&sire variance and lower examination
reliability estimates.

A more important question in terms of this findimgy be the degree to which
developers of credentialing examinations are wgllim accept the lower estimate of
reliability that appear to be associated with tee af restricted discrimination values.
Reliability, not unlike validity, should be integted within the framework of the
examination’s purpose. According to Haertel (200@st score reliability must be
conceived relative to particular testing purpoges @ntexts” (p. 65). With the purpose of
credentialing examinations being placed squareltherqualification of examinees to
receive certification or licensure, it may be pbhksthat the validity-based benefits of using
restricted discrimination values outweigh the lowstimates of reliability.

Another important consideration regarding thisshak may be the degree to which
the use of unrestricted discrimination values itsgul higher examination reliability
estimates. Although the differences in reliabiggtimates between the test variants were
found to be significantly greater than zero, theesbed difference between variants was
relatively minor. The observed difference in theafination 1 and 2 variants, for example,
was 0.02. The difference between Examination &amgs was 0.05. Although there is no
official threshold for the acceptability of examiiza reliability estimates, it is seems

unlikely that such minor differences would be uregtable to many test developers.

Effect on Classification Decision Consistency

The Form B test variants, for each examinatiordupsoduced lower observed

estimates of classification decision consistensygxpressed by coefficiext than did the
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Form A variants. These observed values are indlud&able 5.4. The lack of a test of
significant differences between coefficiertbased on dependent samples derived from a
single test administration precluded the possibdithypothesis testing. Analysis of
differences, therefore, was limited to comparisoi@5% confidence intervals. Whereas
95% confidence intervals that do not overlap indichfferences that are significantly
greater than zero at tlue= .05 level of significance, similar conclusioraoot be reached if
the confidence intervals do overlap. For eactheféxaminations used, the coefficient
95% confidence intervals overlapped. It is plalgsitherefore, that the observed differences
are not significantly greater than zero. Statlycspeaking, however, such a conclusion
cannot be made with certainty.

Within the context of using restricted item distimation values as a criterion for
item selection, the interpretation of classificatiecision consistency coefficients is similar
to that of the examination reliability estimatesthough the observed coefficients
associated with the Form B test variants were Idvan their Form A counterparts, the
differences were relatively minor. The observdtedence between Examination 1 test
variants, for example, was 0.02. The differenagsvben Examinations 2 and 3 variants
were 0.03 and 0.07 respectively. Coefficiemd interpreted as the increase in decision
consistency over chance as a proportion of the mmaxi possible increase over chance
(Crocker & Algina, 2008). For the Form A variassaciated with Examination 1, therefore,
69% of the total possible increase over chanceistemey was observed. This figure was
67% for the Form B variant.

The primary question, therefore, may be the acbdjteof slightly lower

classification decision consistency coefficientsewhestricted item discrimination values are
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used. Again, the extent to which the differencetsvieen classification decision consistency
coefficients produced using unrestricted and retetli discrimination values are greater than
zero is not known. However, it seems unlikely tiat relatively minor observed differences
would lead to the elimination of restricted valassa consideration when conducting item

analysis.

Recommendations for Future Research
While conducting the research, several reconaagons for future research were

identified. These recommendations include:

1. Conduct research with items that have not previogshe through the process of
item analysis.

2. Conduct research using test specifications, orints, to guide the selection of
items.

3. Develop longer test variants to assess the difter&etween tests with items selected
using restricted discrimination values and tests wems selected using unrestricted
values.

4. Examine the degree to which non-classical testryhapproaches, such as item
response theory, support the findings of the cusardy.

5. Study how using restricted discrimination valudeett the standard setting process.

Each recommendation is discussed in further dietdlile sections that follow.
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Conduct Research with Less Refined Items

The recommendation to conduct similar research lggs refined items is based on a
limitation discussed earlier. Each of the threamsixations used in this study included items
that had previously undergone the process of iteatyais. As such, the items used had,
presumably, already met certain thresholds thadated their inclusion in the examination.
It is also possible that based on this analysesjtdms maybe have been modified in certain
aspects, such as item or selected response wording.

Future research might examine the degree to whistguess refined items, such as
those in actual banks of field-tested items, suspibie results of the current study. Using
less refined items would more accurately replitaéeprocess of item analysis, which, in

many ways, was the intent of the procedures coeductanswer Research Question 2.

Use Test Specifications to Guide Item Selection

Like the previous recommendation, this suggessdred to one of the study
limitations. In the process of creating the tesiants used to answer Research Question 2,
item discrimination was the only criterion consiglgin selecting items. As mentioned
previously, in reality, it is much more likely thatlditional factors would be considered when
determining the suitability of items to be includadhe final version of the examination.

Test specifications, or blueprints, stipulate tbgrée to which content standards
should be covered by examination items. The sigatibns are important because they tie
content standards to the knowledge, skills, arrtbates measured by the examination. The
content standards are also important becauseyél@®ed correctly, they support the purpose

of the examination, and, consequently, serve aseswf test validity. Test specifications
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were not available for the examinations used irstbdy. Future research might compare the
results of this study with procedures that incogpeitest specifications. Had test blueprints
been available, the number of items unique to thvenB variants might have been different.

A comparison of this nature would provide moreityaio the findings of this study.

Develop Longer Tests to Assess Effects of Restiiserimination Values

Another recommendation for possible future researtt increase the scope of the
comparison between examinations developed usinigates item discrimination values and
those developed using unrestricted values. Whéehegsrocedures associated with the
current study included the creation of two 50-itexaminations, the development of larger
examinations might provide more insight into thiéedlences in examination reliability and
classification decision consistency estimates.

According to Crocker and Algina (2008), test lenigtione of several factors that
affect examination reliability estimates, with l@rdests generally producing larger
reliability estimates. The differences in examimateliability between the 50-item test
variants considered in this study were found tgigaificantly greater than zero for each
examination. Further research, however, mightaepihe degree to which these findings
were consistent with much larger examinations. é@mple, test variants with between 100
and 200 items might produce reliability estimatest are much closer, and, potentially,
whose differences are not found to be significagtlater than zero. This may also be true

for classification decision consistency.
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Use of Non-Classical Test Theory Approaches

The context under which this study was conducteggsefully attempted to replicate
the realistic conditions faced by many developérg@dentialing examinations. That is, it
utilized examinations with relatively small samplees, which necessitated the use of
classical test theory. By doing so, the resultthisf study may be more generalizable to
those involved with the development of credentgixaminations.

Research aimed at other approaches used to caldaliat discrimination values,
however, might help to expand the understandingsificted discrimination values. One
such approach, which is frequently used in largatestesting programs, is item response
theory. As discussed in Chapter 2, item respdmsery is a general statistical theory that
relates performance on test items to the abilitiegest is intended to measure (Hambleton
& Jones, 1993). Two- and three-parameter logitia response models may be used to
estimate item discrimination. These proceduregigver, generally require much larger
sample sizes than classical test theory approaehese. Some have argued that a
minimum of 500 cases is required to produce defddadsstimates (Reise & Yu, 1990).
Comparing the results of this study with a sim#ardy conducted using item response

theory may help in gaining a better understandingstricted item discrimination values.

Effects of Restricted Discrimination Values on 8tad Setting
A final recommendation for future research invelstudying the degree to which
using restricted item discrimination values in sieéection of items affects the location of cut
scores, as determined by the standard setting $80désing restricted discrimination values

to select items, as documented in this study, tesguh the selection of items that were
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different than those selected had unrestrictedegaheen used. A key component in many
standard-setting procedures is the requiremergdoelists to make judgments regarding the
likelihood that a hypothetical examinee would regpoorrectly to examination items.
Whereas the use of restricted discrimination vafesslts in the selection of a different set
of items, it is quite possible that this may alffe@ the location of the examination cut
score. Further research might examine how usisigiceed discrimination values in the test

development process affects the placement of exaimmcut scores.

Practical Implications for Test Developers

The results of this study present several prddungalications for licensure and
certification agencies, test developers, and athéties responsible for administering
credentialing examinations. First, limiting theatdation of item discrimination values to
examinee scores near cut scores will likely resuibwer point-biserial values. As discussed
previously, this decrease, in large part, is dudaédower variance associated with scores
from much more homogeneous groups of examineest deeelopers should consider this
implication when making a determination to useaitiestricted or unrestricted values. In
many cases, the lower point-biserials producedebiricted values may not be considered
problematic when viewed within the context of thegose of the examination.

Second, and possibly most important, test devesopeist understand that using
restricted point-biserials as a criterion for iteatection, as opposed to the traditionally used
unrestricted values, will likely change the contehthe examination. Even when
examination specifications are considered in the iselection process, using restricted

point-biserials as a criterion of selection wikdly result in the selection of items that would
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not have been included using unrestricted valUest developers must evaluate how these
differences affect the examination’s coverage oiteot standards. Again, in many cases,
particularly those in which the examination is umensional in nature, the content change
affected by using restricted item discriminatiotues may not be problematic. In cases
where test specifications require the inclusiorterhs dedicated to two or more content
domains, however, the changes may require a civsduation.

The degree to which using restricted item disanation values as a criterion for item
selection affects test content may serve as anriaumioelement of evidence when test
developers make a case for examination validityr dfedentialing examinations, the
interpretation of test scores, the primary conadvalidity, is that those who pass the
examination are qualified to receive the credemtiguestion, whereas those who do not
pass are not. Selecting items using restricted descrimination values results in the
inclusion of items that are more discriminating floose candidates with total score near the
examination cut score. As such, the items selestipgort the interpretation of the scores
and, therefore, strengthen the case for examingabdity.

Third, test developers should also consider thexetising restricted item
discrimination values has on examination reliapiihd classification decision consistency.
The results of the study suggested that usingcesirpoint-biserials as the criterion by
which items are selected resulted in lower levélelability and decision consistency. As
discussed, however, the observed differences wedaBvely minor. In many cases, the
importance placed on obtaining high levels of kality and decision consistency may
determine the decision to use restricted or unoéstr discrimination values when

considering items for inclusion. As tB@andardgeiterate however, scoring precision for
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credentialing examinations may be focused on samasthe cut score. Including items that
discriminate better among those examinees withesaoear the cut score may outweigh the
relatively lower reliability and classification deon estimates observed in this study.
Ultimately, therefore, developers of credentialex@minations will need to weigh the
advantages associated with using restricted digtaton values, mainly the potential for
increased validity evidence, with the perceivecdi@ntages, primarily lower reliability and
decision consistency estimates, when determiningiwlype of discrimination value to use.
The context of the examination, to include its owdéng purpose and the role it plays in the
credentialing process, will likely play a signifidarole in this determination. If governing
bodies view the interpretation of test scores gl priority, using restricted discrimination
values may be appropriate. If, however, greateshesis is placed on test statistics such as

reliability and decision consistency, unrestrictiegtrimination values may be more suitable.

Conclusion

This study examined the degree to which limiting $cores upon which item
discrimination values are calculated to those atear anticipated cut scores affected item
discrimination values, referred to here as restdétem discrimination values; item
selection; examination reliability; and classificat decision consistency. For each
examination used in this study, 15 sets of restlictiscrimination values were calculated.
The sets of values were based on scores within®50.75SD, and 1.005D of five unique
cut score locations. For Examinations 1 and 2difierence between each set of restricted
values and the examination’s unrestricted set wasd to be significantly greater than zero.

For Examination 3, the difference between 11 oflthesets of restricted values and the
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unrestricted set were found be significantly gretitan zero. In each case in which a
significant difference was identified, the meartnieted discrimination value was smaller
than the mean unrestricted value.

An evaluation of the effect restricted item disgnation values had on item
selection, examination reliability, and classifioatdecision consistency was conducted
through the creation of Form A and Form B testasats for each examination. Form A test
variants included the 50 most discriminating itammg unrestricted discrimination values
as the criterion for item selection. Form B vatgincluded the 50 most discriminating items
using restricted values (based on scores withid $Mof the actual cut scorexq). Using
restricted values to select items resulted in FBrtest variants including many items that
were not included in Form A variants. The selettbé unique items directly relates to the
validity of credentialing examinations, as it pladecreased emphasis on examinees with
scores closest to the cut score.

In terms of examination reliability, the study icated that using restricted
discrimination values to select items resultedciores that produced lower examination
reliability than scores derived from items seleaisthg unrestricted discrimination values.
For each examination, the difference between &sant reliability estimates were found to
be significantly greater than zero, with Form Biaats producing lower estimates.
Although the differences were statistically sigridnt, in practice, they were relatively small.
Similar outcomes were observed with respect tostlaation decision consistency.
Although the degree to which differences in testard coefficientsc were significantly

greater than zero was not determined, their reisee@5% confidence intervals overlapped.
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The observed Form B variant estimates for each aaion were slightly smaller than the
Form A variants.

In conclusion, the research found that the ugesificted item discrimination values
resulted in the selection of different items thianse that would have been selected had
unrestricted values been used. The validity-baseefits of using restricted values, namely
that doing so increases focus on scores nearestittseore, appeared to come at the cost of
slight decreases in examination reliability andsification decision consistency. When
considering the use of restricted item discrimmatralues, therefore, those who develop
credentialing examinations must consider and grzerthese factors. This decision will

most likely be tied to the purpose of the examonati
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APPENDIX A: ITEM DISCRIMINATION VALUES — EXAMINATION 1
Table A.1

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
145 0.1624 0.0987 0.1114 0.2241
825 0.2558 0.0557 0.0788 0.0117
890 0.2829 0.1469 0.1366 0.0797
1115 0.2312 0.0308 0.0874 0.1350
1530 0.2356 0.1130 0.1013 0.0928
1660 0.1695 0.0645 0.0093 0.0623
1870 0.3104 0.1614 0.1428 0.1996
2030 0.1547 0.0718 0.0158 0.0132
2175 0.3985 0.2273 0.1565 0.1111
2250 0.3256 0.2055 0.1339 0.0752
2385 0.2968 0.1232 0.0043 -0.0387
2545 0.3718 0.2382 0.2753 0.2452
2725 0.1192 0.1403 0.0911 0.1040
2830 0.3376 0.1948 0.1721 0.0714
2900 0.2990 0.1925 0.0897 0.0479
3115 0.2302 0.0406 0.0787 0.0491
3520 0.2361 0.1682 0.1061 -0.0048
3535 0.3454 0.2758 0.2291 0.1028
3570 0.2944 0.1975 0.2444 0.2120
4300 0.2130 0.0329 0.0584 -0.0889
5925 0.3991 0.1452 0.1897 0.1170
6620 0.2502 0.2016 0.1220 0.0139
6665 0.2674 0.1608 0.1154 0.0537
6710 0.3363 0.1617 0.1235 0.1029
6785 0.4877 0.3462 0.3085 0.1837
7185 0.3084 0.1510 0.0926 0.0735
7240 0.4227 0.2551 0.1279 0.0724
7420 0.1212 0.1202 0.0348 0.1292
8120 0.4633 0.2837 0.2751 0.1255
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Table A.1 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
10005 0.3567 0.3014 0.1700 0.0044
10560 0.3234 0.2235 0.2336 0.0802
10645 0.4002 0.3023 0.2222 0.2182
10690 0.1914 0.0896 0.0643 -0.0014
11210 0.1892 0.0702 -0.0028 -0.0327
11490 0.2190 0.1661 0.1468 0.1318
12530 0.2701 0.1369 0.1170 0.0516
12585 0.2238 0.0730 0.0701 0.0895
12770 0.2145 0.0937 0.0601 0.0265
12895 0.3307 0.1609 0.2066 0.1886
12945 0.2775 0.0422 0.0815 0.1097
12960 0.3174 0.1018 0.0983 0.2026
12965 0.2288 0.1921 0.1806 0.2454
13020 0.2327 0.1244 0.1120 0.0650
13050 0.2285 0.0959 0.0840 0.1339
13245 0.3465 0.2137 0.1712 0.1869
13500 0.2145 0.0542 0.0405 0.0581
13695 0.2334 0.1855 0.1177 0.0510
14185 0.3771 0.2350 0.2052 0.1392
14275 0.3031 0.0783 0.0509 0.0572
15105 0.2166 0.0530 0.0231 -0.0291
15145 0.1613 0.1444 0.1073 0.1553
15355 0.2608 0.1836 0.1558 -0.0056
15395 0.2588 0.1855 0.1756 0.1678
15430 0.2713 0.2808 0.2170 0.1692
15450 0.4525 0.2385 0.2337 0.1822
15455 0.1563 0.1015 0.0911 -0.0069
15500 0.1028 0.0205 -0.0142 0.0659
15505 0.2527 0.0844 0.0506 0.1611
15535 0.1162 0.1225 0.1340 0.1591
15540 0.2146 0.1234 0.0619 -0.0370
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Table A.1 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
15545 0.1930 0.0318 0.0479 0.0822
15565 0.1988 0.1554 0.1427 0.1674
15570 0.2229 0.0549 0.0278 -0.0313
15585 0.3128 0.1657 0.1125 0.0738
15600 0.3630 0.2735 0.2323 0.1815
15615 0.2029 0.0409 0.0192 0.0106
15630 0.2938 0.1218 0.0670 0.0645
15635 0.3756 0.2626 0.2409 0.0931
15645 0.2468 0.1369 0.0688 0.0360
15660 0.2246 0.0500 -0.0016 0.0440
15665 0.1791 0.0233 -0.0330 -0.0564
15670 0.1945 0.0606 0.0641 0.0909
15680 0.1612 0.0810 0.0942 0.0798
15690 0.1971 0.0492 0.0873 0.0710
15705 0.3067 0.1425 0.1600 0.1181
15710 0.1927 0.0905 0.1034 0.0850
15715 0.1508 0.0410 0.0494 0.0322
15720 0.2855 0.1174 0.1444 0.0858
15725 0.2224 0.0687 0.0670 -0.0002
15745 0.2033 0.0813 0.0571 0.0140
15755 0.2927 0.2352 0.1914 0.0355
15770 0.1920 0.1451 0.1149 0.1097
15790 0.1749 0.0586 0.0165 0.0666
15795 0.0801 0.1052 0.0645 -0.0431
15800 0.1837 0.0335 0.0331 -0.0088
15810 0.3582 0.2594 0.1571 0.0060
15890 0.3484 0.2522 0.1991 0.0006
15905 0.4017 0.1613 0.1622 0.1121
15930 0.1898 0.0139 0.0777 0.0135
16005 0.3986 0.2250 0.1129 0.0456
16060 0.2868 0.2038 0.1613 -0.0491
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Table A.1 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16110 0.4243 0.2523 0.2227 0.2340
16135 0.2716 0.1932 0.1868 0.0902
16210 0.4188 0.2700 0.2243 0.1185
16255 0.1220 0.0461 0.0322 -0.0244
16275 0.1715 0.0954 0.0611 0.0115
16280 0.2719 0.1153 0.0993 0.1103
16305 0.1803 0.1728 0.1745 0.2014
16375 0.3525 0.1046 0.0292 0.0244
16390 0.2068 0.0851 0.0740 0.0672
16415 0.2210 0.0733 0.1186 0.1587
16425 0.2634 0.1103 0.1035 0.1435
16435 0.1672 0.0830 0.0682 0.0925
16445 0.2965 0.1263 0.1239 0.1025
16470 0.2230 0.0479 0.0311 -0.0761
16475 0.2791 0.1397 0.0865 0.1695
16505 0.1442 0.0806 0.1309 0.1902
16515 0.1771 0.0348 0.0801 0.0210
16525 0.0557 -0.0528 -0.0137 -0.0763
16560 0.2017 0.0204 -0.0256 -0.0366
16605 0.0227 0.0216 0.0993 0.0055
16615 0.2484 0.1855 0.2161 0.1762
16635 0.2581 0.1910 0.0513 0.0257
16690 0.3027 0.1250 0.1366 0.0717
16710 0.4226 0.2092 0.2027 0.0886
16715 0.2471 0.1254 0.0990 0.0825
16720 0.4695 0.2338 0.2337 0.2374
16725 0.3359 0.2670 0.2002 0.1314
16740 0.3407 0.2170 0.1545 0.0574
16745 0.2644 0.1694 0.1261 0.0780
16755 0.2363 0.1546 0.1344 0.0569
16760 0.3060 0.1405 0.1804 0.0471
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Table A.1 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16765 0.3531 0.1780 0.0903 0.2293
16775 0.2067 0.1331 0.1151 0.0654
16800 0.2626 0.0996 0.0454 -0.0142
16840 0.3550 0.1438 0.1190 0.1118
16845 0.4353 0.2710 0.2696 0.2051
16895 0.1322 0.0451 0.1059 0.0709
16910 0.3609 0.1933 0.1470 0.1142
16925 0.1134 0.0506 0.0208 0.0570
16940 0.2813 0.1988 0.1574 0.1041
16945 0.2289 0.0703 0.0768 0.0048
16955 0.1375 0.1015 0.0932 0.0121
17010 0.2586 0.2537 0.2250 0.0631
17020 0.2144 0.1154 0.1457 0.1492
17050 0.1092 0.0399 0.0387 0.0510
17105 0.2338 -0.0138 -0.0721 0.0181
17115 0.2431 0.1210 0.0714 0.0423
17125 0.1825 0.1004 0.0416 0.0955
17130 0.1915 0.1213 0.1441 0.0204
17160 0.0628 0.1059 0.0027 -0.1089
17240 0.3277 0.2031 0.1609 -0.0280
17245 0.2662 0.0308 0.0539 0.0068
17265 0.2291 0.1284 0.0698 0.1021
17275 -0.0524 0.0225 0.0134 -0.0028
17285 0.2758 0.1224 0.1213 -0.0014
17300 0.1741 0.0614 0.0880 0.0059
17335 0.2070 0.1040 0.0056 0.0752
17340 0.1773 0.1084 0.0627 0.0249
17345 0.2649 0.1496 0.1161 0.1183
17370 0.3665 0.1429 0.1507 0.1042
17380 0.1734 0.0003 -0.0097 -0.1235
17385 0.2695 0.1863 0.1517 0.1290
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Table A.1 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
17425 0.2585 0.1166 -0.0378 -0.0394
17430 0.3883 0.1941 0.1369 0.1246
17460 0.2122 0.0855 0.0757 0.1310
17480 0.2261 0.1164 0.0432 0.0844
17495 0.2081 0.0939 0.0546 0.0551
17500 0.3347 0.1333 0.0487 0.0477
17510 0.1919 0.0776 0.0497 0.0761
17520 0.1498 0.1070 0.0710 0.0564
17545 0.1543 0.0686 0.0226 -0.0314
17550 0.0717 -0.0323 0.0334 0.0302
17565 0.1601 0.0476 0.0707 0.1405
17580 0.3078 0.1574 0.1530 0.0664
17585 0.2006 0.0743 0.0325 0.0002
17595 0.2681 0.1883 0.1310 -0.0137
17605 0.1571 0.0292 0.0045 0.1166
17635 0.1269 0.0262 0.0012 0.0259
17640 0.2316 0.1293 0.0598 -0.0144
17660 0.1847 0.1130 0.1449 0.0712
17665 0.2484 0.1319 0.1156 0.1005
17670 0.2394 0.1224 0.0999 0.0449
17690 0.1535 0.0662 0.0695 -0.0415
17695 0.1150 0.0998 0.1010 0.0614
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Table A.2

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
145 0.1624 0.0569 0.0586 0.0681
825 0.2558 0.0822 0.0819 0.0807
890 0.2829 0.1564 0.0859 0.0248
1115 0.2312 0.1276 0.1181 0.1287
1530 0.2356 0.1388 0.0469 -0.0130
1660 0.1695 0.0943 0.0822 0.1085
1870 0.3104 0.1468 0.1646 0.1682
2030 0.1547 0.1012 0.1434 0.2124
2175 0.3985 0.2511 0.1709 0.1540
2250 0.3256 0.1841 0.1220 0.0807
2385 0.2968 0.0059 0.0154 -0.0248
2545 0.3718 0.2301 0.1439 -0.0007
2725 0.1192 0.0742 0.0957 0.0601
2830 0.3376 0.1591 0.1284 0.0579
2900 0.2990 0.2075 0.1909 0.0857
3115 0.2302 0.1105 0.0377 0.0076
3520 0.2361 0.1253 0.1039 0.0459
3535 0.3454 0.2579 0.2222 0.2421
3570 0.2944 0.2004 0.2014 0.1934
4300 0.2130 0.0226 -0.0417 -0.0049
5925 0.3991 0.2188 0.1403 0.0437
6620 0.2502 0.1597 0.1020 0.1386
6665 0.2674 0.1359 0.1081 0.0113
6710 0.3363 0.2728 0.1846 0.0719
6785 0.4877 0.3398 0.2740 0.2486
7185 0.3084 0.1153 0.1107 0.0056
7240 0.4227 0.2315 0.1826 0.1593
7420 0.1212 0.0088 -0.0299 -0.0680
8120 0.4633 0.2529 0.1564 0.1503
10005 0.3567 0.2596 0.1869 0.1665
10560 0.3234 0.2183 0.1681 0.1668
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Table A.2 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
10645 0.4002 0.2914 0.2172 0.0108
10690 0.1914 0.0941 0.0501 0.0750
11210 0.1892 0.0629 0.0383 0.0565
11490 0.2190 0.1542 0.1413 0.0479
12530 0.2701 0.1301 0.0592 0.0532
12585 0.2238 0.1316 0.1164 -0.0743
12770 0.2145 0.0801 0.0291 0.0369
12895 0.3307 0.2014 0.2280 0.1422
12945 0.2775 0.1254 0.1001 0.0092
12960 0.3174 0.1090 0.1069 0.0533
12965 0.2288 0.2522 0.1924 0.1524
13020 0.2327 0.1459 0.0819 0.0958
13050 0.2285 0.1223 0.1401 0.0717
13245 0.3465 0.2274 0.1354 0.1052
13500 0.2145 0.0724 0.0811 0.0352
13695 0.2334 0.1949 0.1201 0.0508
14185 0.3771 0.2278 0.1793 0.1722
14275 0.3031 0.0295 0.0126 -0.0441
15105 0.2166 0.0993 0.0495 -0.0201
15145 0.1613 0.1112 0.1489 0.0329
15355 0.2608 0.2480 0.1590 0.1580
15395 0.2588 0.1981 0.2425 0.1499
15430 0.2713 0.2893 0.2248 0.1328
15450 0.4525 0.2462 0.1829 0.0433
15455 0.1563 0.1021 0.1320 0.1499
15500 0.1028 0.0213 0.0910 -0.0211
15505 0.2527 0.0833 0.0952 0.0670
15535 0.1162 0.0991 0.0344 -0.0628
15540 0.2146 0.0242 0.0287 -0.0585
15545 0.1930 0.0512 0.0653 0.1288
15565 0.1988 0.1891 0.1771 0.0905
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Table A.2 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
15570 0.2229 -0.0446 0.0034 0.0546
15585 0.3128 0.0578 0.0819 -0.0072
15600 0.3630 0.3022 0.2706 0.2395
15615 0.2029 0.1034 0.0114 -0.0455
15630 0.2938 0.0846 0.0302 -0.0324
15635 0.3756 0.2189 0.1477 0.1207
15645 0.2468 0.1214 0.1892 0.2132
15660 0.2246 0.0278 0.1000 0.0757
15665 0.1791 0.0058 0.0046 0.0236
15670 0.1945 0.0650 0.0645 0.0878
15680 0.1612 0.1002 0.0886 0.0594
15690 0.1971 0.0591 -0.0250 -0.0096
15705 0.3067 0.1569 0.1257 0.1744
15710 0.1927 0.1083 0.1249 0.0673
15715 0.1508 0.0890 0.1004 0.1365
15720 0.2855 0.1034 0.1075 0.0625
15725 0.2224 0.0782 0.0686 0.0553
15745 0.2033 0.0769 0.0585 0.0898
15755 0.2927 0.2212 0.1874 0.0951
15770 0.1920 0.1273 0.1015 0.0662
15790 0.1749 0.0689 0.1205 -0.0049
15795 0.0801 0.0364 0.0342 0.0676
15800 0.1837 0.0583 -0.0038 -0.0354
15810 0.3582 0.1832 0.0915 0.1439
15890 0.3484 0.1533 0.0299 0.0852
15905 0.4017 0.1554 0.0986 0.0819
15930 0.1898 -0.0035 -0.0702 -0.0586
16005 0.3986 0.1720 0.2313 0.1158
16060 0.2868 0.1734 0.1131 0.1106
16110 0.4243 0.2461 0.2483 0.1302
16135 0.2716 0.1314 0.0524 0.0951
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Table A.2 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16210 0.4188 0.2236 0.1434 0.0675
16255 0.1220 0.0794 0.0657 -0.0292
16275 0.1715 0.0896 0.0159 0.0851
16280 0.2719 0.1383 0.1093 0.0597
16305 0.1803 0.1924 0.1786 0.1146
16375 0.3525 0.0394 0.0232 0.0078
16390 0.2068 0.1290 0.2056 0.1613
16415 0.2210 0.0584 0.0624 0.0207
16425 0.2634 0.1260 0.0707 0.0361
16435 0.1672 0.1614 0.1378 0.0567
16445 0.2965 0.0898 0.1567 0.1322
16470 0.2230 0.0764 0.0099 -0.0402
16475 0.2791 0.1014 0.0883 -0.0315
16505 0.1442 0.0937 0.1442 0.1762
16515 0.1771 0.0177 0.0448 0.0582
16525 0.0557 -0.0036 0.0038 -0.0414
16560 0.2017 0.0466 -0.0084 -0.0655
16605 0.0227 0.0125 -0.0608 -0.0332
16615 0.2484 0.2078 0.1635 0.2102
16635 0.2581 0.0308 0.0928 0.1026
16690 0.3027 0.1090 0.0563 -0.0667
16710 0.4226 0.2040 0.1681 0.1408
16715 0.2471 0.1422 0.1150 0.1434
16720 0.4695 0.2503 0.1414 0.1803
16725 0.3359 0.2414 0.2626 0.3158
16740 0.3407 0.2174 0.1859 0.1624
16745 0.2644 0.1664 0.1095 0.0237
16755 0.2363 0.1324 0.0804 0.0205
16760 0.3060 0.1280 0.0616 0.0772
16765 0.3531 0.1070 0.1658 0.0452
16775 0.2067 0.1953 0.1598 0.1111
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Table A.2 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16800 0.2626 0.1244 0.0672 0.0886
16840 0.3550 0.1205 0.0740 0.1393
16845 0.4353 0.2553 0.2359 0.1161
16895 0.1322 0.0840 0.1307 0.0133
16910 0.3609 0.1927 0.1711 0.1150
16925 0.1134 0.0861 0.0643 -0.0075
16940 0.2813 0.1650 0.1874 0.1787
16945 0.2289 0.0630 0.0561 0.0568
16955 0.1375 0.1054 0.0855 0.1842
17010 0.2586 0.1811 0.0927 0.1929
17020 0.2144 0.1732 0.2085 0.1049
17050 0.1092 0.0615 0.0402 0.0376
17105 0.2338 0.0115 -0.0374 -0.1434
17115 0.2431 0.0537 0.0021 -0.0409
17125 0.1825 0.0764 0.0543 0.1113
17130 0.1915 0.1151 0.0356 0.1070
17160 0.0628 0.0838 0.0327 0.1226
17240 0.3277 0.1606 0.1184 0.1620
17245 0.2662 0.1052 0.0500 0.1546
17265 0.2291 0.1357 0.0975 -0.0071
17275 -0.0524 0.0646 0.0011 0.0113
17285 0.2758 0.1682 0.0747 0.1061
17300 0.1741 0.0590 0.0163 0.0228
17335 0.2070 0.0273 0.0675 0.0237
17340 0.1773 0.1121 0.1105 0.0678
17345 0.2649 0.1634 0.1149 0.1454
17370 0.3665 0.1842 0.1675 0.1755
17380 0.1734 -0.0353 -0.1138 -0.0456
17385 0.2695 0.1344 0.1355 0.1609
17425 0.2585 0.0531 0.0496 0.0563
17430 0.3883 0.1584 0.0991 0.0306
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Table A.2 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
17460 0.2122 0.1120 0.0464 -0.0266
17480 0.2261 0.1542 0.1835 0.0457
17495 0.2081 0.0552 0.0452 0.0304
17500 0.3347 0.0832 -0.0147 -0.0760
17510 0.1919 0.1132 0.1074 0.1114
17520 0.1498 0.0951 0.1224 0.0837
17545 0.1543 0.0670 0.0068 0.0042
17550 0.0717 0.0530 0.0438 -0.0259
17565 0.1601 0.0825 0.0376 -0.0162
17580 0.3078 0.1566 0.1538 0.0810
17585 0.2006 0.0210 0.0300 0.0568
17595 0.2681 0.0957 0.0331 0.0731
17605 0.1571 0.0630 0.1039 0.0287
17635 0.1269 0.0557 0.0104 -0.0463
17640 0.2316 0.0753 0.0795 0.0011
17660 0.1847 0.1462 0.1284 0.1978
17665 0.2484 0.0991 0.0800 0.0288
17670 0.2394 0.1490 0.1667 0.2151
17690 0.1535 0.0732 0.1231 0.1294

17695 0.1150 0.0312 0.0880 0.0903




Table A.3

[tem Discrimination Values for Examination 1 x3C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
145 0.1624 0.1346 0.1505 0.0211
825 0.2558 0.1676 0.0084 -0.0661
890 0.2829 0.2156 0.1649 0.0511
1115 0.2312 0.1294 0.0277 0.0325
1530 0.2356 0.1646 0.0935 0.0973
1660 0.1695 0.0472 0.0200 -0.0537
1870 0.3104 0.1813 0.1239 0.0447
2030 0.1547 0.0516 0.0056 -0.1473
2175 0.3985 0.2342 0.1727 -0.0021
2250 0.3256 0.1518 0.1947 0.1394
2385 0.2968 0.1861 0.1564 0.1539
2545 0.3718 0.2975 0.2994 0.1919
2725 0.1192 0.0615 0.0868 0.0896
2830 0.3376 0.1953 0.1940 0.1470
2900 0.2990 0.1693 0.1139 0.0549
3115 0.2302 0.0744 -0.0051 -0.0122
3520 0.2361 0.1035 0.1386 0.1388
3535 0.3454 0.2713 0.1267 0.0693
3570 0.2944 0.2465 0.1322 0.1161
4300 0.2130 0.1419 -0.0048 0.1544
5925 0.3991 0.1771 0.1445 0.1788
6620 0.2502 0.1309 0.0914 0.1193
6665 0.2674 0.1078 0.1169 0.1347
6710 0.3363 0.1457 0.1328 0.0503
6785 0.4877 0.3075 0.2273 0.2383
7185 0.3084 0.2279 0.1615 0.0948
7240 0.4227 0.2909 0.1940 0.0071
7420 0.1212 0.1199 0.1840 0.0655
8120 0.4633 0.2710 0.2475 0.2077
10005 0.3567 0.2196 0.0855 0.1319
10560 0.3234 0.2005 0.1310 0.1753
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Table A.3 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
10645 0.4002 0.2879 0.2730 0.3180
10690 0.1914 0.1130 0.0548 0.0196
11210 0.1892 0.0875 0.0586 -0.0204
11490 0.2190 0.0735 0.1106 0.1890
12530 0.2701 0.2103 0.1477 0.1876
12585 0.2238 0.0834 0.0909 0.1323
12770 0.2145 0.1828 0.1563 -0.0030
12895 0.3307 0.1737 0.0571 0.0795
12945 0.2775 0.0157 0.0199 0.0732
12960 0.3174 0.1701 0.1278 0.0726
12965 0.2288 0.1492 0.1777 0.0322
13020 0.2327 0.1367 0.0755 0.0275
13050 0.2285 0.1239 0.0878 -0.0187
13245 0.3465 0.2067 0.1887 0.1244
13500 0.2145 0.0503 0.0432 -0.0426
13695 0.2334 0.0990 0.0919 0.1156
14185 0.3771 0.2586 0.1969 0.1702
14275 0.3031 0.1733 0.1463 0.1158
15105 0.2166 0.0379 0.0021 0.0373
15145 0.1613 0.0918 0.0532 0.0959
15355 0.2608 0.1359 0.0582 0.0515
15395 0.2588 0.1882 0.1319 0.1348
15430 0.2713 0.2252 0.2117 0.1501
15450 0.4525 0.3004 0.2573 0.2423
15455 0.1563 0.0836 -0.0106 -0.0032
15500 0.1028 0.0428 -0.0104 -0.0050
15505 0.2527 0.1030 0.1357 -0.0001
15535 0.1162 0.1322 0.2029 0.2135
15540 0.2146 0.1791 0.1356 0.1005
15545 0.1930 0.0725 0.0836 -0.0788
15565 0.1988 0.1182 0.1608 0.0618
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Table A.3 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
15570 0.2229 0.1422 0.0526 -0.0022
15585 0.3128 0.1837 0.1821 0.1162
15600 0.3630 0.2401 0.1280 0.0074
15615 0.2029 0.0485 0.0031 0.0773
15630 0.2938 0.1776 0.1562 0.1057
15635 0.3756 0.2724 0.2081 0.2122
15645 0.2468 0.0884 -0.0492 -0.2087
15660 0.2246 0.0785 0.0203 -0.0444
15665 0.1791 0.1022 0.0139 -0.0371
15670 0.1945 0.1314 0.0226 0.0533
15680 0.1612 0.0453 0.0824 0.0363
15690 0.1971 0.0686 0.1108 0.1018
15705 0.3067 0.1547 0.0816 0.0651
15710 0.1927 0.0966 0.0521 0.0785
15715 0.1508 -0.0171 -0.0966 -0.1205
15720 0.2855 0.1579 0.0953 0.0943
15725 0.2224 -0.0248 0.0199 0.0656
15745 0.2033 0.1265 0.0430 0.0023
15755 0.2927 0.1682 0.1694 0.0958
15770 0.1920 0.1560 0.0877 0.1448
15790 0.1749 0.0913 0.0494 0.0211
15795 0.0801 0.0511 0.0681 0.0131
15800 0.1837 0.1283 0.0506 0.0471
15810 0.3582 0.2133 0.2258 0.1557
15890 0.3484 0.2658 0.2478 0.1932
15905 0.4017 0.1553 0.1149 0.0867
15930 0.1898 0.0585 0.0869 0.0590
16005 0.3986 0.2270 0.1114 0.0222
16060 0.2868 0.1831 0.1302 0.0563
16110 0.4243 0.2460 0.2037 0.1184
16135 0.2716 0.1941 0.1827 0.1982
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Table A.3 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16210 0.4188 0.2911 0.2438 0.2194
16255 0.1220 0.0358 0.0782 0.0725
16275 0.1715 0.1281 0.1258 -0.0041
16280 0.2719 0.1301 0.0780 0.0783
16305 0.1803 0.1263 0.1301 0.0545
16375 0.3525 0.1110 0.0825 0.0262
16390 0.2068 0.0390 -0.0137 -0.0583
16415 0.2210 0.0901 0.0923 0.0524
16425 0.2634 0.0865 0.1162 0.0985
16435 0.1672 0.0272 -0.0071 0.0118
16445 0.2965 0.1442 0.0705 -0.0212
16470 0.2230 0.0794 0.0017 0.0833
16475 0.2791 0.1861 0.1934 0.1253
16505 0.1442 0.0919 0.0539 -0.0235
16515 0.1771 0.0268 0.0264 0.0213
16525 0.0557 -0.0013 -0.0689 -0.0472
16560 0.2017 0.0391 0.0512 0.0897
16605 0.0227 0.0615 0.0638 0.1439
16615 0.2484 0.1888 0.1556 0.0546
16635 0.2581 0.1022 0.1570 0.0523
16690 0.3027 0.2042 0.1332 0.2600
16710 0.4226 0.2303 0.1388 0.1003
16715 0.2471 0.0953 0.0719 0.0292
16720 0.4695 0.2956 0.2353 0.1531
16725 0.3359 0.2369 0.1568 -0.0343
16740 0.3407 0.2379 0.1548 0.0328
16745 0.2644 0.1473 0.1372 0.1648
16755 0.2363 0.1481 0.1060 0.1622
16760 0.3060 0.2510 0.1756 0.1428
16765 0.3531 0.2120 0.2155 0.0561
16775 0.2067 0.1021 0.0257 0.0668
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Table A.3 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16800 0.2626 0.0907 0.0811 -0.0197
16840 0.3550 0.1852 0.1166 0.0552
16845 0.4353 0.2708 0.2602 0.2084
16895 0.1322 0.0050 0.0198 0.0306
16910 0.3609 0.1964 0.1732 0.0960
16925 0.1134 0.0528 0.0117 0.1129
16940 0.2813 0.2190 0.1071 0.0342
16945 0.2289 0.1666 0.0282 0.0515
16955 0.1375 0.1039 0.0314 -0.0328
17010 0.2586 0.2377 0.1964 0.1457
17020 0.2144 0.1577 0.0304 0.0128
17050 0.1092 0.0639 0.0229 0.0292
17105 0.2338 -0.0110 0.0982 0.0896
17115 0.2431 0.1348 0.1411 0.1783
17125 0.1825 0.0728 0.0777 -0.0787
17130 0.1915 0.1616 0.1104 0.1207
17160 0.0628 0.0652 0.0363 0.0343
17240 0.3277 0.2360 0.1909 0.1432
17245 0.2662 0.0479 -0.0071 -0.0844
17265 0.2291 0.0967 0.1320 0.0842
17275 -0.0524 0.0094 0.0423 0.0198
17285 0.2758 0.1434 0.0236 0.1954
17300 0.1741 0.1414 0.0979 0.1365
17335 0.2070 0.1178 0.1094 -0.0308
17340 0.1773 0.1064 0.0692 0.0062
17345 0.2649 0.0987 0.0553 0.0084
17370 0.3665 0.1916 0.1137 -0.0362
17380 0.1734 0.0482 0.0789 0.0936
17385 0.2695 0.2846 0.1601 0.0807
17425 0.2585 0.1367 0.1224 0.0006
17430 0.3883 0.1833 0.1730 0.2077
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Table A.3 (continued)

[tem Discrimination Values for Examination 1 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
17460 0.2122 0.1606 0.1132 0.0897
17480 0.2261 0.1541 0.0544 -0.0492
17495 0.2081 0.0680 0.1067 0.0630
17500 0.3347 0.1437 0.1639 0.2167
17510 0.1919 0.0698 -0.0472 -0.1057
17520 0.1498 0.0689 0.0336 -0.0752
17545 0.1543 0.0397 0.0478 0.0217
17550 0.0717 -0.0646 -0.0919 -0.0574
17565 0.1601 0.0836 0.0820 0.0886
17580 0.3078 0.1969 0.1041 0.0991
17585 0.2006 0.1920 0.0394 0.0294
17595 0.2681 0.2471 0.1450 0.1293
17605 0.1571 0.0444 -0.0097 -0.1017
17635 0.1269 -0.0072 0.0417 0.0147
17640 0.2316 0.0929 0.1163 0.1233
17660 0.1847 0.1219 -0.0055 -0.0463
17665 0.2484 0.2351 0.1436 0.1286
17670 0.2394 0.0993 -0.0118 -0.0490
17690 0.1535 0.0787 -0.0531 -0.0038
17695 0.1150 0.0921 0.0798 0.0677
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Table A.4

[tem Discrimination Values for Examination 1 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
145 0.1624 0.0326 -0.0148 -0.1526
825 0.2558 0.0989 0.0995 0.0223
890 0.2829 0.1826 0.0656 -0.0168
1115 0.2312 0.1566 0.1577 -0.0331
1530 0.2356 0.1230 0.0857 0.0361
1660 0.1695 0.1765 0.1432 0.0252
1870 0.3104 0.1913 0.1340 0.0406
2030 0.1547 0.2095 0.2141 0.0772
2175 0.3985 0.2215 0.2183 0.1125
2250 0.3256 0.2215 0.1438 0.0924
2385 0.2968 0.0199 0.0457 0.0653
2545 0.3718 0.1682 0.0301 0.0339
2725 0.1192 0.1523 0.0794 0.0483
2830 0.3376 0.1354 0.1248 0.1792
2900 0.2990 0.2134 0.2401 0.1677
3115 0.2302 0.1251 0.0868 0.0360
3520 0.2361 0.1098 0.0516 0.1141
3535 0.3454 0.1755 0.1892 0.2181
3570 0.2944 0.2204 0.1468 0.0716
4300 0.2130 -0.0008 -0.0164 0.0485
5925 0.3991 0.1950 0.1332 0.0659
6620 0.2502 0.1430 0.2307 0.1934
6665 0.2674 0.1736 0.0968 0.1117
6710 0.3363 0.2705 0.2709 0.1515
6785 0.4877 0.3084 0.3131 0.2464
7185 0.3084 0.0519 0.0359 0.0461
7240 0.4227 0.2522 0.2483 0.1913
7420 0.1212 0.0309 -0.0616 -0.0992
8120 0.4633 0.2052 0.1759 0.1598
10005 0.3567 0.2582 0.2550 0.3006
10560 0.3234 0.1828 0.1661 0.1171
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Table A.4 (continued)

[tem Discrimination Values for Examination 1 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
10645 0.4002 0.2247 0.1144 0.1737
10690 0.1914 0.0865 0.0868 0.1312
11210 0.1892 0.0950 0.1158 0.0745
11490 0.2190 0.1291 0.0534 0.0314
12530 0.2701 0.1152 0.1211 0.0226
12585 0.2238 0.1629 0.0876 0.0702
12770 0.2145 0.0470 0.0530 -0.0357
12895 0.3307 0.1939 0.1061 0.1345
12945 0.2775 0.1289 0.0393 0.0235
12960 0.3174 0.1474 0.0656 0.0221
12965 0.2288 0.2315 0.1989 0.0258
13020 0.2327 0.1748 0.1422 0.1041
13050 0.2285 0.1346 0.0928 0.0084
13245 0.3465 0.2104 0.1490 0.0086
13500 0.2145 0.0895 0.0723 0.1320
13695 0.2334 0.1971 0.1363 0.1890
14185 0.3771 0.2071 0.1970 0.0404
14275 0.3031 0.0758 0.0207 -0.0546
15105 0.2166 0.0867 0.0624 0.2087
15145 0.1613 0.0802 -0.0216 0.0456
15355 0.2608 0.2392 0.2147 0.2004
15395 0.2588 0.1788 0.1737 0.0870
15430 0.2713 0.1985 0.2224 0.1284
15450 0.4525 0.1934 0.1283 0.0415
15455 0.1563 0.1192 0.1431 0.1636
15500 0.1028 0.0939 0.0097 0.0435
15505 0.2527 0.0795 0.0139 -0.0478
15535 0.1162 0.0401 -0.0130 -0.1408
15540 0.2146 0.0461 -0.0226 0.0182
15545 0.1930 0.1047 0.0600 -0.1046
15565 0.1988 0.2201 0.1693 0.0799
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Table A.4 (continued)

[tem Discrimination Values for Examination 1 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
15570 0.2229 0.0145 0.0041 -0.0543
15585 0.3128 0.0735 -0.0018 0.0000
15600 0.3630 0.3132 0.2843 0.2365
15615 0.2029 0.0596 0.0835 0.0352
15630 0.2938 0.1816 0.0571 0.0444
15635 0.3756 0.1656 0.1690 0.1239
15645 0.2468 0.1308 0.1781 0.2585
15660 0.2246 0.0899 0.0734 0.1176
15665 0.1791 0.0173 0.0245 0.0969
15670 0.1945 0.0503 0.0758 -0.0950
15680 0.1612 0.0898 0.0427 0.0655
15690 0.1971 0.0378 -0.0294 -0.0746
15705 0.3067 0.1783 0.1126 0.0072
15710 0.1927 0.0318 0.0625 0.0787
15715 0.1508 0.1717 0.1589 0.1383
15720 0.2855 0.1135 0.0532 -0.0533
15725 0.2224 0.1699 0.1259 0.0676
15745 0.2033 0.1261 0.0930 0.1045
15755 0.2927 0.2283 0.1541 0.0844
15770 0.1920 0.1359 0.0698 0.0827
15790 0.1749 0.0884 0.0410 0.0854
15795 0.0801 0.0866 0.0725 0.0490
15800 0.1837 0.0451 0.0457 0.0342
15810 0.3582 0.1834 0.1768 0.1241
15890 0.3484 0.1181 0.0717 0.1043
15905 0.4017 0.1452 0.1263 0.1024
15930 0.1898 0.0118 -0.0408 -0.0357
16005 0.3986 0.2598 0.1966 0.2944
16060 0.2868 0.1327 0.1664 0.1563
16110 0.4243 0.2512 0.1786 0.1798
16135 0.2716 0.0961 0.1020 0.0028
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Table A.4 (continued)

[tem Discrimination Values for Examination 1 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16210 0.4188 0.2581 0.1577 0.0892
16255 0.1220 0.0755 0.0294 0.0982
16275 0.1715 0.0469 0.1043 0.0235
16280 0.2719 0.1762 0.1021 0.0954
16305 0.1803 0.1073 0.1295 0.0779
16375 0.3525 0.0567 0.0484 0.1347
16390 0.2068 0.1706 0.1907 0.1594
16415 0.2210 0.0267 -0.0342 -0.1474
16425 0.2634 0.1207 0.0242 -0.0686
16435 0.1672 0.1233 0.1469 0.1668
16445 0.2965 0.1072 0.1003 0.1901
16470 0.2230 0.0575 0.0673 0.1140
16475 0.2791 0.0801 -0.0211 0.0101
16505 0.1442 0.0696 0.0840 -0.0990
16515 0.1771 0.1149 0.0150 -0.0221
16525 0.0557 -0.0293 0.0111 0.1407
16560 0.2017 0.0707 0.0525 0.0970
16605 0.0227 -0.0482 -0.0813 -0.1339
16615 0.2484 0.2189 0.1551 0.0330
16635 0.2581 0.1025 0.0448 0.1260
16690 0.3027 0.0897 0.0054 0.0294
16710 0.4226 0.2242 0.1518 0.1514
16715 0.2471 0.1497 0.1661 0.0755
16720 0.4695 0.2330 0.1807 -0.0017
16725 0.3359 0.3001 0.2878 0.1544
16740 0.3407 0.2449 0.2534 0.1767
16745 0.2644 0.0762 0.0717 0.1000
16755 0.2363 0.1424 0.0762 0.1414
16760 0.3060 0.1330 0.0617 -0.0266
16765 0.3531 0.1375 0.0923 0.0330
16775 0.2067 0.2230 0.2116 0.1678
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Table A.4 (continued)

[tem Discrimination Values for Examination 1 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16800 0.2626 0.0970 0.1628 0.1449
16840 0.3550 0.1149 0.1438 0.0094
16845 0.4353 0.2818 0.1781 0.0552
16895 0.1322 0.1844 0.0587 0.0493
16910 0.3609 0.2179 0.1848 0.1186
16925 0.1134 0.0928 0.0549 0.0370
16940 0.2813 0.1501 0.1416 0.2022
16945 0.2289 0.0514 0.0924 0.0836
16955 0.1375 0.1421 0.1383 0.1235
17010 0.2586 0.1345 0.1263 0.1055
17020 0.2144 0.2127 0.0890 0.1114
17050 0.1092 0.0616 0.0510 0.0330
17105 0.2338 0.0377 0.0050 -0.0116
17115 0.2431 0.0153 -0.0115 0.0248
17125 0.1825 0.0681 0.1069 0.0574
17130 0.1915 0.0582 0.1020 -0.0490
17160 0.0628 0.0169 0.1400 0.0906
17240 0.3277 0.1730 0.1492 0.1000
17245 0.2662 0.1353 0.1844 0.0125
17265 0.2291 0.1474 0.1439 0.0659
17275 -0.0524 0.0648 0.0543 -0.0377
17285 0.2758 0.2104 0.1706 0.1270
17300 0.1741 0.0287 0.0128 -0.0649
17335 0.2070 0.0732 0.0123 0.0053
17340 0.1773 0.0769 0.0959 0.1771
17345 0.2649 0.1441 0.1590 0.1065
17370 0.3665 0.1406 0.1705 0.1023
17380 0.1734 0.0088 -0.0375 -0.0472
17385 0.2695 0.1336 0.0970 -0.0600
17425 0.2585 0.0750 0.1044 0.1138
17430 0.3883 0.1796 0.1173 0.0529
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Table A.4 (continued)

[tem Discrimination Values for Examination 1 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
17460 0.2122 0.1257 0.1071 0.0076
17480 0.2261 0.2221 0.1922 0.1261
17495 0.2081 0.0932 0.0691 0.0534
17500 0.3347 0.0083 0.0204 0.0081
17510 0.1919 0.0858 0.1084 0.1424
17520 0.1498 0.1190 0.0842 0.0735
17545 0.1543 0.0778 0.0717 0.0159
17550 0.0717 0.1143 0.0444 0.0280
17565 0.1601 0.1187 0.0149 -0.1293
17580 0.3078 0.1719 0.1386 0.2217
17585 0.2006 -0.0229 0.0245 0.0793
17595 0.2681 0.0486 0.0720 0.1373
17605 0.1571 0.0292 0.0639 0.0630
17635 0.1269 0.1331 0.0311 -0.0093
17640 0.2316 0.0818 0.0423 0.1402
17660 0.1847 0.0623 0.1461 0.0449
17665 0.2484 0.1176 0.0502 0.0175
17670 0.2394 0.2124 0.1935 0.1705
17690 0.1535 0.0896 0.0693 0.2254
17695 0.1150 0.0741 -0.0173 0.0181
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Table A.5

[tem Discrimination Values for Examination 1 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
145 0.1624 0.0937 0.0477 0.0043
825 0.2558 0.1070 0.1200 0.0083
890 0.2829 0.1821 0.1828 0.1282
1115 0.2312 0.1220 0.0643 -0.2205
1530 0.2356 0.1158 0.1591 0.1251
1660 0.1695 0.1065 0.0543 -0.0052
1870 0.3104 0.1340 0.1337 0.0747
2030 0.1547 0.0205 -0.0362 -0.0914
2175 0.3985 0.2319 0.1610 0.1886
2250 0.3256 0.1481 0.0907 0.0973
2385 0.2968 0.2932 0.3219 0.2173
2545 0.3718 0.3704 0.2108 0.1134
2725 0.1192 -0.0093 0.0169 0.1191
2830 0.3376 0.1837 0.1528 0.2363
2900 0.2990 0.1169 0.1306 0.0451
3115 0.2302 0.0790 0.0377 -0.0131
3520 0.2361 0.1907 0.1368 0.0656
3535 0.3454 0.1666 0.1609 0.1436
3570 0.2944 0.1961 0.1219 0.0430
4300 0.2130 0.1235 0.1846 0.2335
5925 0.3991 0.2060 0.1819 0.0139
6620 0.2502 0.0796 0.1340 0.1647
6665 0.2674 0.1083 0.0794 0.0906
6710 0.3363 0.1231 0.1042 0.0503
6785 0.4877 0.2860 0.1998 0.1008
7185 0.3084 0.2583 0.2431 0.1661
7240 0.4227 0.2620 0.2692 0.1740
7420 0.1212 0.1857 0.1421 0.2106
8120 0.4633 0.3016 0.1914 0.1339
10005 0.3567 0.1271 0.1402 0.2053
10560 0.3234 0.1794 0.1085 -0.0038
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Table A.5 (continued)

[tem Discrimination Values for Examination 1 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
10645 0.4002 0.3018 0.3006 0.1972
10690 0.1914 0.0847 0.0927 0.1487
11210 0.1892 0.0948 0.1104 0.1272
11490 0.2190 0.1160 0.0599 0.0020
12530 0.2701 0.2109 0.2589 0.1546
12585 0.2238 0.1639 0.0974 0.1202
12770 0.2145 0.1574 0.1738 0.1527
12895 0.3307 0.1083 0.0747 -0.0929
12945 0.2775 0.0790 0.0390 -0.0930
12960 0.3174 0.2051 0.1578 0.0107
12965 0.2288 0.1017 -0.0009 -0.0182
13020 0.2327 0.1016 0.0467 0.0452
13050 0.2285 0.1553 0.0751 -0.0046
13245 0.3465 0.2104 0.1377 0.0856
13500 0.2145 0.1285 0.0469 0.0859
13695 0.2334 0.0653 0.0760 0.1371
14185 0.3771 0.2524 0.2504 0.1490
14275 0.3031 0.2569 0.2617 0.1725
15105 0.2166 0.0078 0.1056 0.0568
15145 0.1613 0.0372 0.0484 -0.0455
15355 0.2608 0.0644 0.0536 0.1261
15395 0.2588 0.1652 0.1397 -0.0429
15430 0.2713 0.1773 0.0997 0.1382
15450 0.4525 0.3259 0.2216 0.1384
15455 0.1563 0.0191 0.0267 -0.0509
15500 0.1028 0.0125 0.0460 -0.0121
15505 0.2527 0.1576 0.0632 -0.0192
15535 0.1162 0.1978 0.1776 0.0291
15540 0.2146 0.1759 0.2321 0.2190
15545 0.1930 0.1097 0.0122 -0.0424
15565 0.1988 0.0411 -0.0041 0.0208
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Table A.5 (continued)

[tem Discrimination Values for Examination 1 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
15570 0.2229 0.1718 0.1751 0.0885
15585 0.3128 0.2454 0.1973 0.2066
15600 0.3630 0.1857 0.1166 0.0643
15615 0.2029 0.0816 0.0534 -0.0131
15630 0.2938 0.2319 0.2168 0.1541
15635 0.3756 0.2302 0.1811 0.2114
15645 0.2468 -0.0099 -0.0395 0.0333
15660 0.2246 0.0640 0.0773 -0.0293
15665 0.1791 0.0625 0.1279 0.0858
15670 0.1945 0.1537 0.1587 -0.0291
15680 0.1612 0.0802 0.0233 -0.0080
15690 0.1971 0.1508 0.0750 0.0606
15705 0.3067 0.1803 0.0505 -0.0148
15710 0.1927 0.0747 0.0389 -0.0058
15715 0.1508 -0.0444 -0.0572 -0.1244
15720 0.2855 0.1780 0.1394 -0.0770
15725 0.2224 0.0661 0.0129 0.0175
15745 0.2033 0.0376 0.0823 0.0384
15755 0.2927 0.1555 0.0672 0.1272
15770 0.1920 0.0887 0.1453 0.0623
15790 0.1749 0.1648 0.1407 -0.0016
15795 0.0801 0.0082 0.0089 0.1319
15800 0.1837 0.1092 0.1324 0.1549
15810 0.3582 0.1756 0.1995 0.3237
15890 0.3484 0.2303 0.2419 0.3322
15905 0.4017 0.1764 0.1115 0.0534
15930 0.1898 0.0497 0.0123 0.1021
16005 0.3986 0.2210 0.1781 0.1658
16060 0.2868 0.1568 0.1513 0.1900
16110 0.4243 0.2521 0.1397 0.1144
16135 0.2716 0.2047 0.1587 0.2559
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Table A.5 (continued)

[tem Discrimination Values for Examination 1 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16210 0.4188 0.2665 0.2382 0.2047
16255 0.1220 0.0334 0.0502 0.0686
16275 0.1715 0.1114 0.1314 0.2231
16280 0.2719 0.1954 0.1277 0.0589
16305 0.1803 0.0598 -0.0017 -0.0005
16375 0.3525 0.1963 0.1123 0.1211
16390 0.2068 0.0928 -0.0340 -0.0618
16415 0.2210 0.1390 0.0576 0.0015
16425 0.2634 0.1116 0.0572 0.0461
16435 0.1672 0.0178 -0.0110 -0.0653
16445 0.2965 0.1245 0.0176 0.1032
16470 0.2230 0.0618 0.0810 0.0579
16475 0.2791 0.2140 0.1847 0.1152
16505 0.1442 0.0462 -0.0365 -0.1760
16515 0.1771 0.0099 -0.0570 -0.1010
16525 0.0557 -0.0421 -0.0165 0.0163
16560 0.2017 0.1201 0.1399 0.1473
16605 0.0227 0.1076 0.0658 0.0329
16615 0.2484 0.1331 0.0420 -0.0575
16635 0.2581 0.0779 0.0532 0.2335
16690 0.3027 0.2056 0.2417 0.1423
16710 0.4226 0.2604 0.1959 0.0423
16715 0.2471 0.1103 0.0889 -0.0341
16720 0.4695 0.3140 0.2672 0.0469
16725 0.3359 0.1690 0.0549 0.0522
16740 0.3407 0.2339 0.1416 0.0885
16745 0.2644 0.1573 0.1125 0.0156
16755 0.2363 0.1455 0.1299 0.0950
16760 0.3060 0.2325 0.2058 0.0681
16765 0.3531 0.2844 0.1999 0.1175
16775 0.2067 0.1370 0.0884 0.0113
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Table A.5 (continued)

[tem Discrimination Values for Examination 1 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
16800 0.2626 0.0802 0.0606 0.1544
16840 0.3550 0.2071 0.1176 0.0611
16845 0.4353 0.2977 0.1702 0.0713
16895 0.1322 0.0347 -0.0619 -0.0933
16910 0.3609 0.2187 0.2064 0.0382
16925 0.1134 0.0449 0.0748 -0.0591
16940 0.2813 0.1512 0.1427 0.0582
16945 0.2289 0.0978 0.1447 0.0745
16955 0.1375 0.0253 0.0119 0.0192
17010 0.2586 0.1302 0.1414 0.1248
17020 0.2144 0.0608 0.0562 -0.0242
17050 0.1092 0.0501 0.0510 -0.0246
17105 0.2338 0.1698 0.1251 0.1069
17115 0.2431 0.1839 0.1494 0.1351
17125 0.1825 0.0658 0.0233 0.0365
17130 0.1915 0.1276 0.1095 0.0660
17160 0.0628 0.1016 0.1340 0.1322
17240 0.3277 0.2671 0.2135 0.1926
17245 0.2662 0.1124 -0.0107 -0.1466
17265 0.2291 0.1063 0.0837 0.1190
17275 -0.0524 -0.0694 -0.0494 0.0851
17285 0.2758 0.0835 0.1730 -0.0374
17300 0.1741 0.1673 0.1295 0.0307
17335 0.2070 0.1304 0.1133 0.1119
17340 0.1773 0.1290 0.1003 0.1004
17345 0.2649 0.0939 0.0689 -0.0474
17370 0.3665 0.1695 0.0389 0.1256
17380 0.1734 0.0917 0.1203 0.1460
17385 0.2695 0.2140 0.2053 0.1199
17425 0.2585 0.1435 0.1396 0.2140
17430 0.3883 0.2379 0.2515 0.0908
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Table A.5 (continued)

[tem Discrimination Values for Examination 1 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
17460 0.2122 0.0983 0.0861 0.1096
17480 0.2261 0.1772 0.0491 0.0521
17495 0.2081 0.0856 0.0704 0.1124
17500 0.3347 0.2137 0.1789 0.1560
17510 0.1919 0.0519 0.0465 -0.0357
17520 0.1498 0.0039 -0.0028 -0.0779
17545 0.1543 0.0382 0.0315 0.1497
17550 0.0717 -0.0578 -0.1204 -0.0823
17565 0.1601 0.1594 0.0552 -0.1419
17580 0.3078 0.1659 0.2171 0.0338
17585 0.2006 0.1467 0.2387 0.1421
17595 0.2681 0.1879 0.2464 0.2786
17605 0.1571 0.0392 0.0392 -0.0645
17635 0.1269 0.0419 -0.0191 0.0643
17640 0.2316 0.1347 0.1030 0.1278
17660 0.1847 0.0337 0.0200 -0.0305
17665 0.2484 0.2262 0.2389 0.0733
17670 0.2394 0.0600 0.0414 -0.1113
17690 0.1535 0.0912 0.1065 0.0696
17695 0.1150 0.0550 0.0756 0.0639
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APPENDIX B: ITEM DISCRIMINATION VALUES — EXAMINATION 2
Table B.1

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
32497 0.2411 0.1088 0.1045 0.3119
40655 0.3516 0.2677 0.2728 0.1453
40657 0.3651 0.1948 -0.1051 -0.0620
40668 0.3077 0.1417 0.1592 -0.0461
40885 0.4001 0.2015 -0.0435 -0.0805
40903 0.1012 0.0204 0.1016 0.0440
40907 0.0642 0.1555 0.1137 0.0939
40916 0.0227 0.1408 0.0667 0.0485
40944 0.2750 0.3059 0.2568 0.1897
40969 0.3391 0.3193 0.3707 0.3796
40992 0.3734 0.2826 0.1050 0.0509
41054 0.0845 -0.2002 -0.1794 -0.1965
41059 0.1457 0.1697 0.0926 0.1185
41066 0.0993 0.0626 0.1019 -0.1139
41093 0.2935 0.1386 -0.0086 0.0120
41098 0.1669 0.0264 0.1606 0.1545
41101 0.1742 0.1560 0.1077 0.0704
41181 0.3619 0.2595 0.1404 0.0876
41190 0.2607 0.1098 0.0807 0.0434
41337 0.1841 0.0721 -0.0447 0.1130
41407 0.2033 0.0772 0.1626 0.0524
41632 0.2642 0.1538 0.1429 0.2577
41645 0.2524 0.2612 0.0294 0.0234
41653 -0.0460 -0.0435 -0.0026 0.1456
41669 -0.0728 0.0051 0.0408 -0.0599
41690 0.1151 0.0477 -0.0077 0.0809
42503 0.2553 0.1759 0.0161 0.0337
42504 0.1333 -0.0408 -0.0308 -0.0690
51693 0.1997 0.1550 -0.0197 -0.1513
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Table B.1 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
51717 0.1998 0.1537 0.2050 0.1044
51731 0.2534 0.0747 0.0125 0.0761
51732 0.1875 0.0388 0.0258 0.0063
51742 0.2057 -0.0932 0.0101 0.0495
51781 0.2811 0.2617 0.0883 0.1210
51786 0.1640 -0.0188 -0.1100 -0.0919
51787 0.3500 0.2684 0.1367 0.0703
51793 0.3382 0.1907 0.0770 0.0337
51806 0.3013 0.0783 0.1679 0.0776
51817 0.3639 0.1137 0.2227 0.1256
51825 0.2683 0.1417 0.0685 -0.0656
51839 0.0601 -0.1208 -0.0579 0.0741
51843 -0.0361 0.0095 -0.0785 -0.0844
59127 0.2984 0.0516 0.0607 0.0363
59128 0.2980 0.2535 0.1781 0.0248
59137 0.0786 0.1356 0.1849 0.0948
59138 0.1432 0.2705 0.1524 0.2133
59149 0.3560 0.1372 0.1294 -0.2314
59155 0.2243 0.1424 0.0573 -0.0345
59184 0.3020 0.1213 0.0784 0.0472
59185 0.0802 -0.0351 0.1374 0.1896
59217 0.1105 0.0538 0.0347 0.0000
59231 0.3649 0.1660 0.1124 0.1784
59239 0.2305 0.1372 0.2357 0.1786
59267 0.0877 0.1473 0.1972 0.2640
59489 0.2272 0.0358 0.0383 -0.0484
60230 0.2109 0.0000 0.0000 0.0000
60240 -0.0221 0.0692 0.1464 0.0743
60241 0.2474 -0.0835 -0.0642 -0.1499
60242 0.2856 0.3245 0.3093 0.0980
60250 0.1273 -0.0456 -0.0978 0.0058

181



Table B.1 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
60258 0.3100 0.3535 0.2324 0.1019
62125 0.1018 -0.1046 -0.0986 -0.1755
62129 0.2786 0.1223 0.1827 0.0713
62132 0.2708 0.2167 0.2131 0.2630
62135 0.2983 0.2064 0.2044 0.1020
62136 0.3512 0.2545 0.1068 0.1849
62140 0.3812 0.3175 0.3059 0.3243
84442 0.3069 0.3427 0.1779 -0.0328
90381 0.2819 0.1300 0.0799 0.0899
90382 0.0569 -0.0875 -0.0459 -0.0293
90384 0.1036 0.0280 0.1892 0.0765
90385 0.1792 0.0809 0.1522 0.0637
90386 0.2554 0.1521 0.1265 -0.0874
90390 0.4318 0.2788 0.1648 0.2544
90396 0.0718 -0.0149 -0.0912 0.0178
90397 0.1268 0.0301 -0.0399 -0.0980
90398 0.2795 0.2136 0.0011 0.1049
90400 0.1985 0.2581 0.0123 0.1101
94445 0.2217 0.0226 -0.1390 -0.2133
94505 0.0600 0.0874 0.1340 0.0115
94510 0.1683 0.1346 0.1603 0.1091
94566 0.3157 0.2505 0.1626 -0.0174
94582 0.3808 0.2083 0.1338 0.1438
94586 0.3209 0.1196 0.2029 0.1837
108131 0.1744 0.0693 -0.0800 -0.0696
108132 0.2818 0.1501 -0.0250 0.0891
108133 0.1783 0.1505 0.0895 0.2447
108134 0.2241 0.1205 -0.0060 0.1733
108135 0.0995 0.0123 0.0845 -0.0590
108136 0.2619 0.1431 0.1045 0.1717
108137 0.1924 0.1771 0.0000 0.0000

182



Table B.1 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108138 0.3920 0.2342 0.2480 0.0839
108139 0.2255 0.0218 -0.1041 -0.1280
108140 0.1381 0.0705 0.0461 0.1769
108141 0.0964 0.0340 0.0788 -0.0748
108142 0.2794 0.1865 0.2009 0.3159
108143 0.4001 0.2367 0.3507 0.3147
108144 0.2980 0.2610 0.1608 0.0062
108145 0.1484 0.0735 0.1589 0.0191
108146 0.3033 0.1912 0.1364 0.2508
108147 0.1831 0.1061 0.0302 0.1849
108148 0.1280 -0.0378 -0.0804 -0.0306
108149 -0.0003 -0.0045 0.0284 0.0653
108150 0.1513 0.0746 -0.0432 0.0410
108151 0.1869 0.1356 0.0359 -0.0693
108152 0.3092 0.0667 0.0031 -0.0805
108153 0.4983 0.3633 0.3799 0.4009
108154 0.3769 0.2998 0.1842 0.3276
108155 0.3370 0.0562 -0.0211 -0.0402
108156 0.3039 0.1754 0.1458 0.0122
108157 0.2223 0.0730 0.1115 0.0094
108158 0.1994 0.2088 0.1896 0.1006
108159 0.0479 -0.0548 -0.1484 -0.2965
108160 -0.0783 -0.0242 0.0621 0.0586
108161 -0.0186 0.1302 0.2062 0.2870
108162 0.3128 0.2080 0.2559 0.2191
108163 0.2605 0.1741 0.2342 0.1667
108164 0.2834 0.0740 0.1866 0.1513
108165 -0.0191 -0.0032 -0.0881 -0.2013
108166 0.3038 0.1698 0.1245 0.0899
108167 0.3061 0.1468 0.2038 0.0708
108168 0.2278 0.0633 0.0661 0.0556
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Table B.1 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108169 -0.0768 -0.1679 -0.2659 -0.2630
108170 0.2778 0.1033 0.0900 -0.0708
108171 0.1082 0.1786 0.0758 -0.0466
108172 0.0626 -0.0366 -0.1741 -0.1177
108173 0.2470 0.1272 0.0804 0.1750
108174 0.1734 0.1075 0.0961 0.0436
108175 0.2533 0.1593 0.1923 0.1063
108176 0.3077 0.2271 0.0810 -0.0843
108177 0.3764 0.1448 0.0299 -0.1053
108178 0.4233 0.2727 0.2012 0.3035
108179 0.0484 0.0543 -0.0744 -0.0849
108180 0.3023 0.2710 0.1600 0.0839
108181 0.2335 0.0185 -0.0181 0.0219
108182 0.3435 0.1362 -0.0165 0.1017
108183 0.2177 0.0914 0.0733 0.0413
108184 0.2636 0.0996 0.1018 0.2895
108185 -0.2086 -0.1260 -0.1461 -0.0351
108186 -0.1053 0.0000 0.0000 0.0000
108187 0.2966 0.2967 0.1270 -0.0990
108188 0.2519 -0.0497 -0.1329 -0.1258
108189 0.3518 0.2523 0.3109 0.3695
108190 0.2102 0.1429 0.2029 0.0749
108191 0.2098 0.0961 0.1530 0.2026
108192 0.2053 -0.0515 -0.0028 0.0564
108193 0.2459 0.2312 0.2570 0.3014
108194 0.1967 0.1117 0.2363 0.1381
108195 0.1906 0.1138 0.0027 -0.0350
108196 0.2824 0.0755 0.0942 0.1752
108197 0.2556 0.2702 0.3184 0.2874
108198 0.2492 0.2751 0.0787 0.0761
108199 0.2099 0.0687 -0.0039 -0.0428
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Table B.1 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108200 0.1870 0.1260 -0.0356 -0.0658
108201 0.3032 0.1365 0.1140 -0.1432
108202 -0.0915 -0.1807 -0.1019 0.0059
108203 -0.0080 -0.0564 0.1211 0.1383
108204 0.3355 0.1726 0.1002 0.0644
108477 0.3690 0.3482 0.4438 0.2723
108478 0.2129 0.3464 0.2730 0.2179
108479 0.2899 0.2657 0.1506 0.1274
108480 0.1822 0.0239 -0.0250 -0.1625
108481 0.2634 0.2052 0.1571 0.0942
108482 0.2746 0.0001 0.2489 0.1444
108483 0.3192 -0.0554 0.0399 -0.0519
108484 0.2636 0.1011 0.0268 -0.0127
108485 0.1653 0.0840 0.1294 0.1474
108486 0.4052 0.3405 0.2698 0.2398
108487 0.3372 0.2292 0.1781 0.0484
108488 0.1810 0.2683 0.2115 0.1441
108489 0.3494 0.0874 -0.0482 0.0980
108490 0.1444 0.0790 0.0177 0.1201
108491 0.0475 0.1464 -0.0475 -0.0061
108492 0.4010 0.3024 0.2600 0.2214
108493 0.1714 0.0297 0.0171 -0.1620
108494 0.3177 0.2564 0.1706 0.0551
108495 0.1151 -0.0390 -0.0312 -0.1451
108497 0.2921 0.1930 0.0910 0.1558
108498 0.2975 0.0949 0.0201 0.1049
108499 0.2863 0.1820 0.0229 -0.0977
108500 0.1575 0.0487 0.1197 0.0636
108501 0.0743 0.1239 -0.0333 0.0121
108502 0.1566 0.2135 0.2387 0.2550
108503 0.1387 0.0435 0.1541 0.1523

185



Table B.1 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108504 0.1001 0.1834 0.1075 0.1422
108505 0.2677 0.1163 0.0931 0.0825
108506 0.3136 0.1253 0.1246 0.3025
108507 0.3458 0.1827 0.1238 0.0908
108508 0.2697 0.1583 0.0758 0.1447
108509 0.3294 0.1003 0.1494 -0.0464
108510 0.1560 -0.0513 0.0152 0.0121
108511 0.0278 -0.1043 -0.0483 0.0000
108512 0.2234 0.2715 0.0935 -0.0300
108513 0.1451 0.0620 0.0312 0.0000
108514 0.2470 0.0962 0.0856 0.0532
108515 0.3178 0.2680 0.2600 0.1618
108523 0.1711 -0.0361 0.1494 0.0194
108524 0.1976 0.0928 -0.0181 0.0328
108525 0.0897 -0.0013 -0.0400 -0.1213
950671494 0.1338 0.0737 0.0980 0.1684
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Table B.2

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
32497 0.2411 -0.0409 0.0356 -0.0685
40655 0.3516 0.2498 0.2038 0.2693
40657 0.3651 0.1337 0.1451 -0.0118
40668 0.3077 0.2367 0.1325 0.2305
40885 0.4001 0.2311 0.2103 0.1320
40903 0.1012 -0.0477 0.0340 0.2328
40907 0.0642 0.0797 0.1475 0.2394
40916 0.0227 0.1476 0.1755 0.0237
40944 0.2750 0.3149 0.2527 0.1175
40969 0.3391 0.2484 0.2221 0.1288
40992 0.3734 0.2332 0.2357 0.1442
41054 0.0845 0.0599 0.0627 0.0166
41059 0.1457 0.1110 0.1369 0.0000
41066 0.0993 -0.0005 -0.0411 0.2237
41093 0.2935 0.0780 0.1270 -0.0072
41098 0.1669 0.1128 0.1325 0.3057
41101 0.1742 0.0943 0.1219 0.2197
41181 0.3619 0.1092 0.1940 0.1671
41190 0.2607 0.1729 0.0972 0.1656
41337 0.1841 0.1587 0.1123 -0.1718
41407 0.2033 0.1377 -0.0203 0.1618
41632 0.2642 0.1378 0.2057 0.0311
41645 0.2524 0.1910 0.2203 0.1220
41653 -0.0460 -0.0469 -0.0151 -0.1590
41669 -0.0728 0.0416 0.0186 0.0985
41690 0.1151 0.0899 0.0636 -0.0829
42503 0.2553 0.1381 0.1459 0.0578
42504 0.1333 0.0049 0.0296 0.2842
51693 0.1997 0.1037 0.1195 0.0556
51717 0.1998 -0.0024 -0.0203 0.0625
51731 0.2534 0.1898 0.1635 0.1393

187



Table B.2 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
51732 0.1875 0.1015 0.1013 -0.0023
51742 0.2057 0.1257 0.0608 0.1165
51781 0.2811 0.2147 0.2574 0.0447
51786 0.1640 -0.0322 -0.0112 -0.1302
51787 0.3500 0.3092 0.3465 0.3056
51793 0.3382 0.2101 0.1935 0.2670
51806 0.3013 0.1144 0.0106 0.0204
51817 0.3639 0.1467 0.0585 0.1444
51825 0.2683 0.2142 0.1666 0.1742
51839 0.0601 -0.0765 -0.1698 -0.2116
51843 -0.0361 -0.0606 -0.0627 0.0258
59127 0.2984 0.0633 0.0295 -0.1260
59128 0.2980 0.1150 0.1521 0.2419
59137 0.0786 0.1915 0.1243 0.0000
59138 0.1432 0.1491 0.0000 0.0000
59149 0.3560 0.1003 0.1248 0.3233
59155 0.2243 0.0655 0.0000 0.1517
59184 0.3020 0.1718 0.1475 0.0595
59185 0.0802 0.0221 -0.1538 0.0000
59217 0.1105 0.0763 0.0395 -0.0459
59231 0.3649 0.2244 0.2134 0.0129
59239 0.2305 0.2019 0.2079 0.2386
59267 0.0877 0.2161 0.2692 0.0000
59489 0.2272 0.1459 0.0969 0.1042
60230 0.2109 0.0000 0.0000 0.0000
60240 -0.0221 0.1232 0.2100 0.3068
60241 0.2474 -0.0498 -0.0746 -0.0469
60242 0.2856 0.2881 0.2412 0.3010
60250 0.1273 0.0464 0.0975 -0.1050
60258 0.3100 0.1869 0.2612 0.1235
62125 0.1018 -0.1275 -0.0901 -0.0296
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Table B.2 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
62129 0.2786 0.0722 0.0919 0.0699
62132 0.2708 0.2335 0.2262 0.0934
62135 0.2983 0.1945 0.2147 0.2990
62136 0.3512 0.2552 0.2120 -0.0235
62140 0.3812 0.2072 0.2383 0.1184
84442 0.3069 0.1904 0.1511 0.0700
90381 0.2819 0.2417 0.2833 0.1656
90382 0.0569 -0.0270 0.0174 0.0790
90384 0.1036 -0.0126 0.0568 0.2153
90385 0.1792 0.1035 -0.0138 -0.0617
90386 0.2554 0.0319 0.0816 0.1070
90390 0.4318 0.2446 0.1485 -0.0311
90396 0.0718 -0.0831 -0.2507 -0.3411
90397 0.1268 0.0316 -0.0064 0.1305
90398 0.2795 0.1817 0.1018 0.0740
90400 0.1985 0.1197 0.1070 0.0861
94445 0.2217 0.0171 -0.1217 -0.2287
94505 0.0600 0.0143 0.0634 -0.0759
94510 0.1683 0.1864 0.1453 0.0429
94566 0.3157 0.1226 0.0945 0.2292
94582 0.3808 0.1181 0.2256 0.1695
94586 0.3209 0.1981 0.2185 0.0121
108131 0.1744 0.0105 0.0207 0.0469
108132 0.2818 0.2602 0.2164 -0.0865
108133 0.1783 -0.0488 0.0032 -0.1045
108134 0.2241 0.1481 0.1232 0.0297
108135 0.0995 0.1083 0.1095 0.0279
108136 0.2619 0.1307 0.1885 0.1314
108137 0.1924 0.0000 0.0000 0.0000
108138 0.3920 0.3379 0.2430 0.2353
108139 0.2255 -0.1072 -0.0631 -0.0587
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Table B.2 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108140 0.1381 0.1324 0.0841 -0.0398
108141 0.0964 0.0539 0.0641 -0.0041
108142 0.2794 0.3282 0.3306 0.3337
108143 0.4001 0.2228 0.1770 -0.0022
108144 0.2980 0.2069 0.1486 -0.1215
108145 0.1484 0.0818 0.0727 0.0487
108146 0.3033 0.1245 -0.0142 -0.1655
108147 0.1831 0.1334 0.0434 -0.0895
108148 0.1280 -0.0283 -0.0687 -0.1046
108149 -0.0003 0.0193 0.0535 0.1319
108150 0.1513 0.1207 0.1502 0.2018
108151 0.1869 0.0852 0.0205 0.0903
108152 0.3092 0.0244 -0.0329 -0.0596
108153 0.4983 0.4318 0.3205 0.1534
108154 0.3769 0.3061 0.1561 0.0663
108155 0.3370 0.2068 0.0810 -0.0083
108156 0.3039 0.1962 0.1195 0.1964
108157 0.2223 0.1026 -0.0280 -0.0803
108158 0.1994 0.1983 0.1742 0.0972
108159 0.0479 -0.0009 -0.1028 -0.0762
108160 -0.0783 -0.0487 0.0139 -0.2239
108161 -0.0186 0.0268 0.0329 0.0000
108162 0.3128 0.2197 0.1607 -0.2268
108163 0.2605 0.1773 0.2176 0.1323
108164 0.2834 0.1937 0.1661 0.1679
108165 -0.0191 -0.0882 -0.1260 -0.0140
108166 0.3038 0.1974 0.1397 0.1454
108167 0.3061 0.2556 0.2492 0.1423
108168 0.2278 0.1328 0.1586 0.1722
108169 -0.0768 -0.1223 -0.0718 -0.0618
108170 0.2778 0.0695 0.1498 0.1763
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Table B.2 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108171 0.1082 0.0818 0.0882 0.0989
108172 0.0626 -0.0499 -0.1440 -0.2073
108173 0.2470 0.1050 0.0396 -0.1281
108174 0.1734 0.2191 0.2533 0.3011
108175 0.2533 0.2265 0.1590 0.1882
108176 0.3077 0.0356 0.0660 -0.0282
108177 0.3764 0.2775 0.1787 0.1763
108178 0.4233 0.2678 0.2430 0.1639
108179 0.0484 0.0942 0.0159 -0.0792
108180 0.3023 0.1829 0.1862 0.2005
108181 0.2335 0.1187 0.1325 0.0459
108182 0.3435 0.1400 0.0570 0.0145
108183 0.2177 0.0602 0.1471 0.1260
108184 0.2636 0.1966 0.0864 -0.0542
108185 -0.2086 -0.1775 -0.1737 -0.1801
108186 -0.1053 0.0000 0.0000 0.0000
108187 0.2966 0.0598 0.0906 0.1340
108188 0.2519 0.0627 -0.0230 -0.0222
108189 0.3518 0.2250 0.2959 0.0555
108190 0.2102 0.1048 0.0543 0.0845
108191 0.2098 0.0772 0.0848 0.0000
108192 0.2053 0.1652 0.0681 0.1117
108193 0.2459 0.2224 0.2608 0.0953
108194 0.1967 0.1120 0.0186 0.0079
108195 0.1906 0.1768 0.0788 -0.0568
108196 0.2824 0.0525 -0.0686 -0.0690
108197 0.2556 0.2288 0.2365 0.1443
108198 0.2492 0.2085 0.1556 0.1362
108199 0.2099 0.0962 -0.0188 0.0890
108200 0.1870 0.0545 0.0392 -0.0089
108201 0.3032 -0.0407 -0.1503 -0.0539
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Table B.2 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108202 -0.0915 -0.1957 -0.1736 -0.3521
108203 -0.0080 0.0047 -0.0679 0.0960
108204 0.3355 0.1792 0.2585 0.1443
108477 0.3690 0.3591 0.3629 0.2620
108478 0.2129 0.2162 0.3151 0.1808
108479 0.2899 0.1181 0.2497 0.2681
108480 0.1822 0.0954 -0.0510 -0.0046
108481 0.2634 0.2301 0.1354 0.0663
108482 0.2746 0.2312 0.1303 0.1886
108483 0.3192 0.1264 -0.0776 0.0314
108484 0.2636 0.1800 0.1125 0.1025
108485 0.1653 0.0653 0.0455 0.0918
108486 0.4052 0.2466 0.2064 0.0487
108487 0.3372 0.1526 0.1430 0.2869
108488 0.1810 0.1106 0.0996 0.1125
108489 0.3494 0.1799 0.1170 0.0214
108490 0.1444 0.1418 0.1149 -0.0248
108491 0.0475 0.0332 0.1788 -0.1105
108492 0.4010 0.1720 0.2435 0.1062
108493 0.1714 -0.0571 -0.0186 0.0519
108494 0.3177 0.1239 0.2521 0.0934
108495 0.1151 0.0337 -0.0012 0.0754
108497 0.2921 0.2791 0.1631 0.1070
108498 0.2975 0.2417 0.1986 0.0963
108499 0.2863 0.2217 0.0647 0.1240
108500 0.1575 0.1448 0.1184 0.1517
108501 0.0743 0.0221 -0.0156 -0.0257
108502 0.1566 0.1955 0.2897 0.1833
108503 0.1387 0.0786 0.0391 0.1912
108504 0.1001 0.1205 0.1496 0.0000
108505 0.2677 0.0018 -0.0048 -0.0092
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Table B.2 (continued)

[tem Discrimination Values for Examination 2 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108506 0.3136 0.2320 0.0521 -0.0286
108507 0.3458 0.3281 0.2820 0.2133
108508 0.2697 0.1885 0.2170 0.0453
108509 0.3294 0.1470 0.1566 0.3253
108510 0.1560 0.0060 -0.1199 -0.0163
108511 0.0278 0.1130 -0.0327 -0.0101
108512 0.2234 0.1716 0.0265 0.0830
108513 0.1451 0.0606 0.0599 -0.0522
108514 0.2470 0.1048 0.1871 0.1988
108515 0.3178 0.3673 0.3610 0.2085
108523 0.1711 0.0283 -0.0154 0.0738
108524 0.1976 0.0757 0.0732 0.0578
108525 0.0897 0.0051 0.0856 0.0429
950671494 0.1338 0.1032 0.1739 0.0523
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Table B.3

[tem Discrimination Values for Examination 2 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
32497 0.2411 0.1217 0.2911 0.2372
40655 0.3516 0.1787 0.1418 0.0946
40657 0.3651 0.1815 0.1862 -0.0338
40668 0.3077 0.0998 0.0199 -0.0814
40885 0.4001 0.0595 0.0126 -0.1389
40903 0.1012 0.1158 0.0044 -0.0519
40907 0.0642 0.0668 0.1101 0.0747
40916 0.0227 0.0482 0.0259 0.0198
40944 0.2750 0.1619 0.2943 0.0588
40969 0.3391 0.4393 0.3650 0.3248
40992 0.3734 0.1857 0.2219 0.1033
41054 0.0845 -0.2944 -0.4227 -0.3417
41059 0.1457 0.2378 0.1566 0.0467
41066 0.0993 0.1139 -0.0505 -0.0692
41093 0.2935 0.1475 0.0826 0.0153
41098 0.1669 -0.0142 -0.1313 -0.1752
41101 0.1742 0.0931 0.0579 0.1010
41181 0.3619 0.1822 0.2558 0.0544
41190 0.2607 0.1234 0.1521 -0.0783
41337 0.1841 0.0156 0.0357 0.0783
41407 0.2033 0.0939 0.2159 0.1236
41632 0.2642 0.1513 0.2437 0.1469
41645 0.2524 0.0773 0.1553 0.0205
41653 -0.0460 -0.0020 -0.1137 -0.0819
41669 -0.0728 -0.0029 0.0334 0.0506
41690 0.1151 0.1193 0.0190 0.1119
42503 0.2553 0.1045 0.0600 0.1416
42504 0.1333 -0.0560 -0.1206 -0.2483
51693 0.1997 0.0725 -0.0334 -0.0090
51717 0.1998 0.2391 0.3013 0.2927
51731 0.2534 -0.0200 -0.0325 -0.1187
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Table B.3 (continued)

[tem Discrimination Values for Examination 2 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
51732 0.1875 -0.0100 -0.0683 0.0772
51742 0.2057 -0.1380 -0.1095 0.0286
51781 0.2811 -0.0394 0.0874 0.1686
51786 0.1640 0.0213 0.1243 0.1089
51787 0.3500 0.2230 0.0849 -0.0812
51793 0.3382 0.1669 0.0782 -0.1707
51806 0.3013 0.2396 0.1721 0.0234
51817 0.3639 0.1244 0.0426 0.2945
51825 0.2683 0.0962 -0.0146 -0.0276
51839 0.0601 0.1050 0.0366 0.0823
51843 -0.0361 -0.0055 0.0191 0.0283
59127 0.2984 0.0736 0.0298 0.0776
59128 0.2980 0.3114 0.1593 0.0617
59137 0.0786 0.0871 0.0980 0.1616
59138 0.1432 0.2311 0.2990 0.1532
59149 0.3560 0.1274 -0.1024 -0.1454
59155 0.2243 0.1461 0.0779 0.0567
59184 0.3020 0.0842 0.0433 0.0343
59185 0.0802 0.0670 0.0771 0.1266
59217 0.1105 0.1144 0.1114 0.0585
59231 0.3649 0.3284 0.0592 0.1412
59239 0.2305 0.1432 0.0148 -0.0674
59267 0.0877 0.0838 0.0872 0.1450
59489 0.2272 0.0759 -0.0345 -0.0298
60230 0.2109 0.2620 0.0000 0.0000
60240 -0.0221 0.0301 -0.0949 -0.0783
60241 0.2474 0.0609 -0.0407 -0.0979
60242 0.2856 0.1924 0.1850 0.1290
60250 0.1273 -0.1714 -0.1301 -0.0428
60258 0.3100 0.2502 0.3162 0.3900
62125 0.1018 -0.0626 -0.0799 -0.1394
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Table B.3 (continued)

[tem Discrimination Values for Examination 2 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
62129 0.2786 0.2183 0.0703 0.1507
62132 0.2708 0.2230 0.1634 0.1714
62135 0.2983 0.1894 0.0622 -0.0243
62136 0.3512 0.0556 0.0980 0.0734
62140 0.3812 0.3997 0.2932 0.1867
84442 0.3069 0.2896 0.3430 0.2690
90381 0.2819 0.0743 0.0308 0.0544
90382 0.0569 -0.0666 -0.1631 -0.1797
90384 0.1036 0.0291 -0.0618 -0.1006
90385 0.1792 0.1182 0.0907 0.1984
90386 0.2554 0.2240 0.1738 0.0131
90390 0.4318 0.2296 0.3076 0.2261
90396 0.0718 0.0581 0.2216 0.2125
90397 0.1268 0.0539 0.0679 0.0027
90398 0.2795 0.1449 0.1014 0.0765
90400 0.1985 0.1838 0.2377 0.0545
94445 0.2217 0.0902 0.2386 0.2064
94505 0.0600 0.0758 0.2334 0.1571
94510 0.1683 0.2604 0.0842 0.2566
94566 0.3157 0.1853 0.1088 -0.0114
94582 0.3808 0.2727 0.2503 0.0715
94586 0.3209 0.1767 0.1205 0.0739
108131 0.1744 -0.0082 -0.0508 -0.1536
108132 0.2818 -0.0358 0.0473 0.0858
108133 0.1783 0.1990 0.2375 0.2328
108134 0.2241 0.0081 0.0877 0.0675
108135 0.0995 -0.0635 -0.0919 0.0243
108136 0.2619 0.0560 0.0854 0.0194
108137 0.1924 0.1588 0.2087 0.0000
108138 0.3920 0.1531 0.1059 0.1550
108139 0.2255 0.0048 0.1009 0.0857
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Table B.3 (continued)

[tem Discrimination Values for Examination 2 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108140 0.1381 0.0922 0.0667 0.0519
108141 0.0964 -0.1230 -0.0641 0.1657
108142 0.2794 0.1372 0.0225 -0.0360
108143 0.4001 0.2199 0.3057 0.3272
108144 0.2980 0.2069 0.3116 0.3302
108145 0.1484 0.1023 0.0881 0.1930
108146 0.3033 0.2080 0.3127 0.2948
108147 0.1831 0.1017 0.1227 0.0598
108148 0.1280 -0.0069 0.0870 0.0808
108149 -0.0003 0.0100 -0.1872 -0.1751
108150 0.1513 0.0463 0.0080 -0.2060
108151 0.1869 0.0749 0.0054 0.0814
108152 0.3092 -0.0013 0.0284 0.1362
108153 0.4983 0.3790 0.4198 0.2038
108154 0.3769 0.1944 0.2969 0.2564
108155 0.3370 -0.0389 -0.0162 0.0638
108156 0.3039 0.0818 0.1233 0.0519
108157 0.2223 0.1048 0.0668 0.2663
108158 0.1994 0.0958 0.0823 0.1313
108159 0.0479 -0.0489 -0.0332 -0.0308
108160 -0.0783 -0.0238 -0.0248 0.2878
108161 -0.0186 0.1776 0.2220 0.1996
108162 0.3128 0.2078 0.2890 0.3717
108163 0.2605 0.1899 0.1070 0.1781
108164 0.2834 0.2282 0.0387 -0.0213
108165 -0.0191 0.0059 0.0416 -0.0638
108166 0.3038 0.1530 0.0850 0.1153
108167 0.3061 -0.0156 -0.0932 0.1550
108168 0.2278 -0.0166 -0.0573 -0.0898
108169 -0.0768 -0.2375 -0.2086 -0.2323
108170 0.2778 0.1576 -0.0179 -0.0432
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Table B.3 (continued)

[tem Discrimination Values for Examination 2 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108171 0.1082 0.1928 0.2404 0.0388
108172 0.0626 0.0753 0.0234 0.0898
108173 0.2470 0.1042 0.2478 0.0885
108174 0.1734 -0.0273 -0.0603 -0.0777
108175 0.2533 0.1767 0.0518 0.0909
108176 0.3077 0.1837 0.2413 0.2623
108177 0.3764 0.1079 -0.0403 -0.1178
108178 0.4233 0.2860 0.1938 0.1592
108179 0.0484 0.1223 0.1089 -0.0271
108180 0.3023 0.2827 0.0541 0.0049
108181 0.2335 -0.1106 -0.1103 -0.1758
108182 0.3435 0.1203 0.1049 0.1034
108183 0.2177 0.0238 0.0199 0.0007
108184 0.2636 0.1160 0.1117 0.0898
108185 -0.2086 -0.0782 -0.0452 -0.1867
108186 -0.1053 -0.1932 -0.2581 0.0000
108187 0.2966 0.2050 0.3405 0.1056
108188 0.2519 -0.0577 -0.0594 -0.1239
108189 0.3518 0.2695 0.2531 0.2961
108190 0.2102 0.1495 0.0810 0.1066
108191 0.2098 0.2354 0.1738 0.1046
108192 0.2053 0.0072 -0.0668 -0.2116
108193 0.2459 0.2536 0.2892 -0.0176
108194 0.1967 0.1732 0.1037 0.3159
108195 0.1906 0.0752 0.0877 0.1234
108196 0.2824 0.2447 0.2598 0.1426
108197 0.2556 0.3347 0.3477 0.3605
108198 0.2492 0.0750 0.1668 0.1388
108199 0.2099 0.0096 0.0254 -0.0854
108200 0.1870 0.0532 0.1655 0.0288
108201 0.3032 0.2991 0.2748 0.3142
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Table B.3 (continued)

[tem Discrimination Values for Examination 2 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108202 -0.0915 -0.0465 0.0356 0.1872
108203 -0.0080 0.1403 0.0820 0.1054
108204 0.3355 0.0802 -0.0470 -0.1009
108477 0.3690 0.2985 0.1924 0.3385
108478 0.2129 0.2447 0.2236 0.3502
108479 0.2899 0.1261 0.1693 0.0900
108480 0.1822 -0.0022 -0.0028 -0.1547
108481 0.2634 0.1822 0.0962 0.2431
108482 0.2746 0.0888 -0.0717 -0.0044
108483 0.3192 0.0077 -0.0422 0.0113
108484 0.2636 0.0241 -0.0433 -0.1182
108485 0.1653 0.0430 -0.0136 0.0383
108486 0.4052 0.3345 0.4211 0.3361
108487 0.3372 0.2391 0.2514 -0.0842
108488 0.1810 0.3028 0.1783 0.0559
108489 0.3494 0.1110 0.0574 0.0238
108490 0.1444 0.0764 0.1009 0.1119
108491 0.0475 0.0339 0.0567 0.1032
108492 0.4010 0.2650 0.2272 0.1414
108493 0.1714 0.0953 0.0085 -0.0257
108494 0.3177 0.2071 0.1362 0.1086
108495 0.1151 0.0099 -0.0931 -0.1405
108497 0.2921 0.0552 0.0404 0.0257
108498 0.2975 0.0388 -0.0977 -0.1106
108499 0.2863 0.0663 0.0319 0.0551
108500 0.1575 0.0332 0.0608 -0.0183
108501 0.0743 0.1760 0.1984 0.0823
108502 0.1566 0.1520 0.1028 0.2247
108503 0.1387 0.1494 0.0831 -0.0423
108504 0.1001 0.1442 0.1800 0.0733
108505 0.2677 0.0876 0.1113 0.0872
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Table B.3 (continued)

[tem Discrimination Values for Examination 2 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108506 0.3136 0.1621 0.1950 0.1758
108507 0.3458 0.1042 0.0021 -0.0423
108508 0.2697 0.1154 0.0883 0.1295
108509 0.3294 0.1092 -0.0651 -0.1140
108510 0.1560 0.1441 0.0150 -0.0506
108511 0.0278 -0.0767 -0.1353 -0.0928
108512 0.2234 0.1574 0.1299 0.0605
108513 0.1451 0.0429 0.0230 0.0097
108514 0.2470 0.1620 0.0273 0.0174
108515 0.3178 0.1897 0.0232 0.1550
108523 0.1711 0.1200 -0.0043 0.0472
108524 0.1976 0.0942 0.1676 -0.0134
108525 0.0897 -0.1087 -0.1953 0.0201
950671494 0.1338 0.0129 0.0357 0.0349
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Table B.4

[tem Discrimination Values for Examination 2 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
32497 0.2411 -0.1008 -0.1401 -0.2282
40655 0.3516 0.2024 0.1856 0.0717
40657 0.3651 0.1839 0.1530 0.3669
40668 0.3077 0.2417 0.3198 0.1534
40885 0.4001 0.3218 0.4059 0.4472
40903 0.1012 0.0574 0.0744 -0.0954
40907 0.0642 0.1053 0.0294 -0.0912
40916 0.0227 0.0585 0.1114 0.2481
40944 0.2750 0.2208 0.2284 0.1060
40969 0.3391 0.1734 0.0080 -0.1036
40992 0.3734 0.2252 0.1796 0.3821
41054 0.0845 0.2010 0.2521 0.2333
41059 0.1457 0.1414 0.0000 0.0000
41066 0.0993 -0.0779 0.0920 0.0348
41093 0.2935 0.0969 0.1143 0.1182
41098 0.1669 0.1335 0.1465 -0.2560
41101 0.1742 0.1160 0.2201 0.1946
41181 0.3619 0.1414 0.1649 0.2030
41190 0.2607 0.1517 0.2625 0.1776
41337 0.1841 0.0847 0.0403 0.1182
41407 0.2033 0.0895 0.1256 -0.1482
41632 0.2642 0.1575 -0.0573 -0.1524
41645 0.2524 0.2136 0.1791 0.2934
41653 -0.0460 -0.0421 -0.1090 0.0049
41669 -0.0728 0.0424 -0.0025 0.1698
41690 0.1151 0.0430 0.0488 0.0249
42503 0.2553 0.1879 0.1130 0.1673
42504 0.1333 0.1102 0.1002 -0.1149
51693 0.1997 0.2041 0.1284 0.1210
51717 0.1998 -0.0286 -0.0828 -0.1889
51731 0.2534 0.1455 0.1492 0.1021
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Table B.4 (continued)

[tem Discrimination Values for Examination 2 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
51732 0.1875 0.0911 0.1220 0.2345
51742 0.2057 0.1094 0.0485 0.1574
51781 0.2811 0.2842 0.1761 0.1674
51786 0.1640 -0.0971 -0.0056 0.0314
51787 0.3500 0.3534 0.3955 0.3739
51793 0.3382 0.1735 0.3432 0.3017
51806 0.3013 0.0307 0.1447 0.0063
51817 0.3639 0.1423 0.1080 -0.0523
51825 0.2683 0.3170 0.2920 0.2039
51839 0.0601 -0.1026 -0.1554 -0.0830
51843 -0.0361 -0.1070 -0.0823 0.0514
59127 0.2984 0.1170 0.0565 0.0433
59128 0.2980 0.1327 0.2331 0.1400
59137 0.0786 0.1313 0.0000 0.0000
59138 0.1432 0.0000 0.0000 0.0000
59149 0.3560 0.2238 0.2247 0.1428
59155 0.2243 -0.0026 0.0602 0.0473
59184 0.3020 0.1979 0.1827 0.2700
59185 0.0802 -0.0891 -0.0994 -0.1515
59217 0.1105 0.1360 0.0422 -0.0271
59231 0.3649 0.1058 0.1398 0.1596
59239 0.2305 0.1157 0.2070 -0.1744
59267 0.0877 0.1414 0.0000 0.0000
59489 0.2272 0.1015 0.1885 0.1037
60230 0.2109 0.0000 0.0000 0.0000
60240 -0.0221 0.1729 0.1333 0.1596
60241 0.2474 0.0201 0.0565 0.0173
60242 0.2856 0.2059 0.1876 0.1013
60250 0.1273 0.0859 0.0688 0.1171
60258 0.3100 0.0559 0.0115 0.2931
62125 0.1018 -0.0646 -0.0337 0.2210
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Table B.4 (continued)

[tem Discrimination Values for Examination 2 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
62129 0.2786 0.0858 0.0622 -0.0131
62132 0.2708 0.1623 0.1133 0.1231
62135 0.2983 0.2405 0.1654 -0.0223
62136 0.3512 0.2524 0.1805 0.2300
62140 0.3812 0.1665 0.0158 0.0020
84442 0.3069 0.1943 0.0531 0.1410
90381 0.2819 0.2079 0.1367 0.1534
90382 0.0569 0.0482 0.0730 -0.0112
90384 0.1036 0.0004 0.0212 -0.0591
90385 0.1792 0.0780 -0.0655 -0.0012
90386 0.2554 0.1484 0.1108 0.0742
90390 0.4318 0.2234 0.1359 0.0163
90396 0.0718 -0.1581 -0.0904 -0.1955
90397 0.1268 0.0713 0.0313 -0.1344
90398 0.2795 0.1627 0.2002 0.1115
90400 0.1985 0.0562 0.1426 0.1210
94445 0.2217 -0.0389 -0.0144 0.0271
94505 0.0600 -0.0071 -0.0573 -0.1349
94510 0.1683 0.1897 0.0337 0.1053
94566 0.3157 0.1712 0.1686 0.1255
94582 0.3808 0.2002 0.0257 -0.0289
94586 0.3209 0.2932 0.1490 0.1285
108131 0.1744 -0.0416 0.0644 0.1593
108132 0.2818 0.3513 0.2107 0.3229
108133 0.1783 -0.0720 -0.1758 -0.1673
108134 0.2241 0.1065 0.0725 0.0061
108135 0.0995 0.2004 0.1655 0.1131
108136 0.2619 0.0481 0.0615 -0.0040
108137 0.1924 0.0000 0.0000 0.0000
108138 0.3920 0.2367 0.2288 0.1489
108139 0.2255 -0.0332 0.0412 0.1318
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Table B.4 (continued)

[tem Discrimination Values for Examination 2 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108140 0.1381 0.1026 -0.0197 0.0418
108141 0.0964 0.0659 0.1310 0.1493
108142 0.2794 0.3519 0.1847 0.1679
108143 0.4001 0.1842 0.1018 -0.0147
108144 0.2980 0.1904 0.0910 0.1319
108145 0.1484 0.0476 -0.0152 0.1043
108146 0.3033 0.0713 0.0348 -0.0854
108147 0.1831 0.1117 0.0521 -0.0132
108148 0.1280 0.0108 -0.0666 0.1542
108149 -0.0003 0.0812 0.0241 0.1013
108150 0.1513 0.1792 0.1603 0.0762
108151 0.1869 -0.0003 0.1200 0.1543
108152 0.3092 0.0498 0.0744 -0.0062
108153 0.4983 0.2693 0.2240 0.0823
108154 0.3769 0.1593 0.0820 0.1272
108155 0.3370 0.2547 0.1597 0.2285
108156 0.3039 0.2275 0.1806 0.0783
108157 0.2223 -0.0063 0.0653 0.0528
108158 0.1994 0.2125 0.1772 0.1238
108159 0.0479 0.0914 0.1506 0.2450
108160 -0.0783 -0.0899 -0.1264 -0.0281
108161 -0.0186 -0.1408 -0.1608 -0.1014
108162 0.3128 0.2290 0.0064 0.0745
108163 0.2605 0.1653 0.1467 0.0000
108164 0.2834 0.2057 0.0677 0.0249
108165 -0.0191 -0.0050 0.0561 0.1370
108166 0.3038 0.1810 0.1079 0.1015
108167 0.3061 0.2761 0.1472 0.2005
108168 0.2278 0.1829 0.1990 0.0000
108169 -0.0768 -0.0341 0.0387 0.1474
108170 0.2778 0.1988 0.1933 0.1731
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Table B.4 (continued)

[tem Discrimination Values for Examination 2 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108171 0.1082 0.1432 -0.0242 -0.0491
108172 0.0626 -0.0108 0.0098 0.0315
108173 0.2470 0.1681 0.1064 0.0085
108174 0.1734 0.3298 0.2310 0.1517
108175 0.2533 0.1238 0.2669 0.0738
108176 0.3077 0.0872 0.0308 0.1037
108177 0.3764 0.3003 0.3243 0.3186
108178 0.4233 0.2182 0.1827 0.0244
108179 0.0484 0.0225 0.0137 0.0565
108180 0.3023 0.2007 0.2488 0.1346
108181 0.2335 0.1870 0.1664 -0.0013
108182 0.3435 0.0929 0.0483 0.2210
108183 0.2177 0.1948 0.1532 0.1372
108184 0.2636 0.1513 0.1076 -0.0223
108185 -0.2086 -0.0682 -0.0959 -0.0743
108186 -0.1053 0.0000 0.0000 0.0000
108187 0.2966 0.0434 0.0980 0.1423
108188 0.2519 0.1026 0.1851 0.1029
108189 0.3518 0.1461 -0.0221 -0.0237
108190 0.2102 0.0417 0.0926 0.0042
108191 0.2098 0.1245 -0.0994 -0.1515
108192 0.2053 0.1081 0.1041 0.1860
108193 0.2459 0.2519 0.1430 -0.0174
108194 0.1967 0.0047 0.0553 -0.0362
108195 0.1906 0.0988 0.2072 0.1875
108196 0.2824 -0.1096 -0.0533 -0.2168
108197 0.2556 0.1955 0.0809 0.0991
108198 0.2492 0.1723 0.1878 0.1237
108199 0.2099 0.0955 0.1458 0.0711
108200 0.1870 0.1393 0.1453 0.0318
108201 0.3032 0.0130 0.0469 0.1239
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Table B.4 (continued)

[tem Discrimination Values for Examination 2 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108202 -0.0915 -0.1888 -0.3167 -0.1229
108203 -0.0080 -0.0621 -0.0586 -0.2977
108204 0.3355 0.1474 0.1512 0.1803
108477 0.3690 0.3697 0.1923 0.0364
108478 0.2129 0.2502 0.0510 0.3460
108479 0.2899 0.1500 0.1359 0.1131
108480 0.1822 0.1460 0.2189 0.0798
108481 0.2634 0.1928 0.2158 0.2609
108482 0.2746 0.2497 0.1659 -0.0067
108483 0.3192 0.1324 0.0978 -0.1615
108484 0.2636 0.1410 0.2098 0.1931
108485 0.1653 0.1035 0.0721 -0.0972
108486 0.4052 0.1651 0.0009 0.0768
108487 0.3372 0.2592 0.2063 -0.0056
108488 0.1810 0.0152 0.1042 0.0509
108489 0.3494 0.2902 0.1583 0.0959
108490 0.1444 0.1550 0.0959 0.1760
108491 0.0475 -0.0197 0.0221 0.1300
108492 0.4010 0.1912 0.0415 0.0000
108493 0.1714 -0.0034 0.0138 -0.0362
108494 0.3177 0.1256 0.0789 0.0951
108495 0.1151 0.0472 0.1000 0.0812
108497 0.2921 0.2616 0.1935 0.1212
108498 0.2975 0.3111 0.3042 0.2644
108499 0.2863 0.1936 0.3151 0.2911
108500 0.1575 0.0938 0.1467 0.0609
108501 0.0743 0.0325 -0.0553 -0.1424
108502 0.1566 0.2182 0.0242 0.1786
108503 0.1387 0.0240 0.0631 -0.0438
108504 0.1001 0.1514 0.0000 0.0000
108505 0.2677 0.0806 0.0379 -0.0597
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Table B.4 (continued)

[tem Discrimination Values for Examination 2 %x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108506 0.3136 0.2060 0.1717 -0.0784
108507 0.3458 0.2625 0.2849 0.1295
108508 0.2697 0.1941 0.1897 0.1565
108509 0.3294 0.1869 0.1687 0.0116
108510 0.1560 -0.0326 -0.0027 -0.1226
108511 0.0278 0.0907 0.0915 0.0325
108512 0.2234 0.1046 0.1938 0.0063
108513 0.1451 0.0370 0.0894 0.0517
108514 0.2470 0.0134 0.0654 0.0713
108515 0.3178 0.3937 0.2189 0.2571
108523 0.1711 -0.0392 -0.0464 -0.2090
108524 0.1976 0.1472 0.0412 -0.0318
108525 0.0897 -0.0182 0.0481 0.3214
950671494 0.1338 0.1095 0.0220 0.0102
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Table B.5

[tem Discrimination Values for Examination 2 %xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
32497 0.2411 0.1455 0.0719 0.1950
40655 0.3516 0.0823 -0.0032 0.1669
40657 0.3651 0.1211 0.3017 0.2124
40668 0.3077 0.0986 0.1257 0.1358
40885 0.4001 -0.0674 0.0744 0.3156
40903 0.1012 -0.0320 -0.0443 0.1561
40907 0.0642 0.0034 -0.0808 -0.0068
40916 0.0227 0.0391 0.0740 0.0379
40944 0.2750 0.1725 0.0334 0.2342
40969 0.3391 0.3172 0.2639 0.1303
40992 0.3734 0.1655 0.2562 0.2607
41054 0.0845 -0.2639 -0.1633 -0.3825
41059 0.1457 0.1933 0.1991 0.0305
41066 0.0993 -0.0325 0.0260 0.2137
41093 0.2935 0.1652 0.1959 0.2236
41098 0.1669 -0.0850 -0.2690 -0.3012
41101 0.1742 0.0442 0.0536 0.1867
41181 0.3619 0.1673 0.1751 0.3987
41190 0.2607 0.1477 0.0450 0.2398
41337 0.1841 0.0601 0.0064 -0.2234
41407 0.2033 0.0808 -0.0727 0.1544
41632 0.2642 0.1875 0.0074 -0.1177
41645 0.2524 0.0516 0.0026 0.0727
41653 -0.0460 -0.0041 -0.0361 -0.2491
41669 -0.0728 -0.0318 -0.0607 0.0519
41690 0.1151 0.1807 0.1765 -0.1313
42503 0.2553 0.0908 0.1766 0.0068
42504 0.1333 -0.1274 -0.2222 -0.0200
51693 0.1997 0.0018 0.0946 0.0696
51717 0.1998 0.2025 0.1489 0.2491
51731 0.2534 0.0265 -0.0070 -0.1231
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Table B.5 (continued)

[tem Discrimination Values for Examination 2 %xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
51732 0.1875 -0.0135 -0.0112 -0.1338
51742 0.2057 -0.0298 -0.0547 -0.2671
51781 0.2811 0.0174 -0.0498 -0.1169
51786 0.1640 0.1006 0.1758 0.2887
51787 0.3500 0.0307 0.0514 0.0918
51793 0.3382 0.1913 0.0589 0.3220
51806 0.3013 0.2184 0.1350 0.2362
51817 0.3639 0.1070 -0.0138 -0.0799
51825 0.2683 0.0376 0.1415 0.0465
51839 0.0601 0.0974 0.2371 -0.1575
51843 -0.0361 0.0486 0.1300 0.1934
59127 0.2984 0.2337 0.2855 0.0724
59128 0.2980 0.2475 0.3143 0.4245
59137 0.0786 0.0407 -0.0034 -0.0978
59138 0.1432 0.1859 0.1887 0.2717
59149 0.3560 -0.0121 0.0136 0.0514
59155 0.2243 0.1062 0.1666 0.3158
59184 0.3020 0.1532 0.1233 -0.0007
59185 0.0802 0.2104 0.0065 -0.0503
59217 0.1105 0.1335 0.0920 0.0503
59231 0.3649 0.2531 0.3572 -0.0034
59239 0.2305 0.1026 -0.0136 -0.0453
59267 0.0877 0.0245 -0.0407 -0.1959
59489 0.2272 0.1735 0.1705 -0.0683
60230 0.2109 0.2482 0.3083 0.0000
60240 -0.0221 -0.0886 -0.0543 -0.2751
60241 0.2474 0.0994 0.1165 0.0876
60242 0.2856 0.2061 0.0113 -0.0060
60250 0.1273 -0.0815 -0.1263 -0.2083
60258 0.3100 0.2682 0.3121 0.2751
62125 0.1018 -0.0414 0.2886 0.0513

209



Table B.5 (continued)

[tem Discrimination Values for Examination 2 %xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
62129 0.2786 0.1163 0.0594 0.0332
62132 0.2708 0.1170 0.0910 0.0404
62135 0.2983 0.0973 -0.0032 -0.0355
62136 0.3512 0.1218 0.1278 0.0089
62140 0.3812 0.2872 0.2699 0.1309
84442 0.3069 0.2408 0.2906 0.2346
90381 0.2819 0.1343 0.0455 -0.1277
90382 0.0569 -0.0280 -0.1320 -0.1776
90384 0.1036 -0.1136 -0.0726 -0.0088
90385 0.1792 0.1394 0.1804 -0.1209
90386 0.2554 0.2424 0.2017 0.3749
90390 0.4318 0.2959 0.1077 0.2671
90396 0.0718 0.0983 0.1217 0.3401
90397 0.1268 0.1249 -0.0422 0.1384
90398 0.2795 0.2431 0.1172 0.2108
90400 0.1985 0.1710 0.2266 0.2519
94445 0.2217 0.4427 0.3960 0.2101
94505 0.0600 0.0104 0.0461 0.1491
94510 0.1683 0.1729 0.2164 -0.1702
94566 0.3157 0.1377 0.0818 0.3680
94582 0.3808 0.2140 0.2818 0.1035
94586 0.3209 0.1527 0.2231 -0.1347
108131 0.1744 -0.0580 0.0130 0.0936
108132 0.2818 0.0460 0.0301 -0.1697
108133 0.1783 0.1810 0.1927 0.1170
108134 0.2241 0.1095 -0.0471 -0.1358
108135 0.0995 -0.1453 -0.2013 -0.1798
108136 0.2619 0.1840 0.0389 0.1430
108137 0.1924 0.1353 0.1485 0.2359
108138 0.3920 0.1862 0.0376 -0.1073
108139 0.2255 0.0782 0.0558 0.3834

210



Table B.5 (continued)

[tem Discrimination Values for Examination 2 %xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108140 0.1381 0.1397 0.1336 -0.0994
108141 0.0964 -0.1663 -0.2452 -0.0174
108142 0.2794 0.0537 0.0016 -0.3701
108143 0.4001 0.1823 0.0062 0.1304
108144 0.2980 0.2150 0.2450 0.2240
108145 0.1484 0.1164 0.2684 -0.0231
108146 0.3033 0.2727 0.2381 0.1617
108147 0.1831 0.1680 0.2177 0.0757
108148 0.1280 0.1068 0.1711 0.1052
108149 -0.0003 -0.1253 -0.0344 -0.2881
108150 0.1513 0.0544 -0.0475 0.0453
108151 0.1869 0.0793 0.1865 0.2199
108152 0.3092 0.1057 0.0774 0.1876
108153 0.4983 0.4293 0.2363 0.0383
108154 0.3769 0.2079 0.2560 0.1708
108155 0.3370 0.0407 0.0878 -0.0478
108156 0.3039 0.0594 0.0192 0.0818
108157 0.2223 0.1718 0.2374 0.1191
108158 0.1994 -0.0082 0.0242 0.0505
108159 0.0479 -0.0006 0.1748 0.2690
108160 -0.0783 -0.0678 -0.0195 -0.2165
108161 -0.0186 0.1272 0.1053 0.1017
108162 0.3128 0.2670 0.1841 -0.0058
108163 0.2605 0.2152 0.1984 -0.0471
108164 0.2834 0.1596 0.1022 -0.1900
108165 -0.0191 0.0059 0.1772 0.2704
108166 0.3038 0.1606 0.0867 -0.1034
108167 0.3061 -0.0108 -0.0587 -0.2964
108168 0.2278 0.0519 -0.0140 -0.1576
108169 -0.0768 -0.2135 -0.2596 0.0000
108170 0.2778 0.0046 0.1606 0.2236
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Table B.5 (continued)

[tem Discrimination Values for Examination 2 %xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108171 0.1082 0.1585 0.0979 0.2359
108172 0.0626 0.0305 0.2162 0.0636
108173 0.2470 0.1637 0.0510 0.1172
108174 0.1734 0.0132 -0.0386 -0.2429
108175 0.2533 0.2820 0.1294 -0.0116
108176 0.3077 0.2464 0.2532 0.3877
108177 0.3764 0.1122 0.1671 0.0762
108178 0.4233 0.2682 0.1575 -0.0453
108179 0.0484 0.1551 0.1909 0.2500
108180 0.3023 0.1128 0.1259 0.2216
108181 0.2335 -0.1387 -0.1553 -0.2517
108182 0.3435 0.2730 0.3627 0.0859
108183 0.2177 -0.0041 -0.0407 0.0757
108184 0.2636 0.1495 0.0030 -0.0947
108185 -0.2086 0.0376 0.0944 0.1268
108186 -0.1053 -0.1729 -0.2018 -0.3433
108187 0.2966 0.3021 0.2034 0.4481
108188 0.2519 0.0393 0.0145 0.1430
108189 0.3518 0.3965 0.2078 -0.0877
108190 0.2102 0.0576 0.0461 0.2048
108191 0.2098 0.3791 0.2946 -0.0046
108192 0.2053 0.0340 0.0426 -0.1191
108193 0.2459 0.3143 0.0569 -0.1034
108194 0.1967 0.1171 0.0581 0.0936
108195 0.1906 0.1102 0.0937 0.2609
108196 0.2824 0.2942 0.3130 0.2000
108197 0.2556 0.3740 0.2885 0.0603
108198 0.2492 0.0932 0.0930 0.2470
108199 0.2099 0.0141 0.0305 0.2155
108200 0.1870 0.1277 0.0019 0.1978
108201 0.3032 0.2072 0.4069 0.6162
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Table B.5 (continued)

[tem Discrimination Values for Examination 2 %xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108202 -0.0915 0.0677 0.1483 -0.1814
108203 -0.0080 0.1077 0.0131 -0.0463
108204 0.3355 0.1143 0.0650 -0.0364
108477 0.3690 0.1987 0.0695 -0.2171
108478 0.2129 0.1263 0.1903 0.0529
108479 0.2899 0.1627 -0.0603 0.1299
108480 0.1822 -0.0225 -0.0153 0.2430
108481 0.2634 0.1603 0.2368 0.0637
108482 0.2746 0.0613 -0.0918 -0.3200
108483 0.3192 0.1574 0.0863 -0.1462
108484 0.2636 0.0333 0.0795 0.0660
108485 0.1653 0.0934 -0.0257 -0.0517
108486 0.4052 0.3243 0.2684 0.2781
108487 0.3372 0.1355 0.0561 0.3222
108488 0.1810 0.0763 0.1285 0.2950
108489 0.3494 0.1019 0.1679 -0.0158
108490 0.1444 0.0800 0.1511 -0.0007
108491 0.0475 0.1384 0.0872 0.0517
108492 0.4010 0.2368 0.2601 0.1209
108493 0.1714 0.0956 -0.0062 0.0907
108494 0.3177 0.0829 0.0058 0.1034
108495 0.1151 -0.0108 0.0846 0.0258
108497 0.2921 -0.0344 0.0610 -0.1084
108498 0.2975 0.0919 0.0699 -0.1491
108499 0.2863 0.0330 0.1719 0.2751
108500 0.1575 0.0747 0.0168 0.0024
108501 0.0743 0.0800 0.0890 0.1821
108502 0.1566 0.0288 0.0499 -0.1074
108503 0.1387 0.0232 0.1195 0.0837
108504 0.1001 0.1032 0.0852 0.0818
108505 0.2677 0.0584 0.0466 0.2470
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Table B.5 (continued)

[tem Discrimination Values for Examination 2 %xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
108506 0.3136 0.2281 0.0231 0.0046
108507 0.3458 0.0471 -0.0836 -0.0818
108508 0.2697 0.2127 0.0012 -0.0088
108509 0.3294 -0.0356 -0.0054 -0.0198
108510 0.1560 0.1454 0.0394 0.0884
108511 0.0278 -0.1605 -0.2088 -0.2494
108512 0.2234 0.0308 0.1726 0.3128
108513 0.1451 -0.0312 0.0010 0.1075
108514 0.2470 0.1964 0.0910 -0.1871
108515 0.3178 0.0297 0.0407 -0.1912
108523 0.1711 0.2777 0.1268 -0.1705
108524 0.1976 0.2425 0.0819 0.0444
108525 0.0897 -0.1974 -0.0645 -0.1934
950671494 0.1338 0.0413 -0.1208 -0.1023
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APPENDIX C: ITEM DISCRIMINATION VALUES — EXAMINATION 3
Table C.1

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
159995 -0.1125 -0.0849 -0.1583 0.1173
159996 -0.0017 0.2012 0.0615 0.3932
159997 0.3494 0.1084 -0.0850 -0.0437
159998 0.3372 0.1826 -0.1561 -0.2087
159999 0.2592 0.2028 0.0251 0.4287
160000 0.0715 0.2218 0.0385 -0.2058
160001 -0.0636 0.0000 0.0000 0.0000
160002 0.1160 0.0635 0.2383 0.2460
160003 0.1235 -0.0551 -0.1817 -0.0238
160004 -0.0436 -0.2262 -0.1338 0.2089
160005 0.4647 0.2046 -0.2202 -0.3709
160006 0.4144 0.2992 -0.0491 -0.1993
160007 0.1342 -0.1181 0.0926 0.1690
160008 0.1732 -0.0093 -0.0762 -0.1010
160009 0.0014 0.0050 -0.1561 -0.2087
160010 0.1508 -0.0196 -0.2227 -0.1281
160011 0.2503 0.1195 0.0996 -0.0437
160012 -0.0345 -0.2062 -0.3107 0.0898
160013 0.2169 0.3313 0.4271 0.2807
160014 0.3356 0.3432 0.0909 0.3746
160015 0.1391 0.1384 0.0512 0.0640
160016 0.1500 0.0306 0.2584 0.1173
160017 0.2353 -0.1550 0.0371 -0.1400
160018 0.2385 0.0206 0.0150 -0.3225
160019 0.1183 -0.0831 -0.2196 -0.2058
160020 0.1056 0.3203 0.3876 -0.2919
160021 0.1994 0.2292 0.0312 -0.0437
160022 0.0000 0.0000 0.0000 0.0000
160023 0.0000 0.0000 0.0000 0.0000
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Table C.1 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160024 -0.0251 0.1267 0.1364 0.1921
160025 0.1141 0.2719 0.4514 -0.0474
160026 0.1059 0.1562 0.1538 0.1852
160027 0.0230 0.0781 -0.3647 0.0000
160028 0.2308 0.1754 -0.0088 -0.0474
160029 0.3289 0.0913 -0.0694 0.0530
160030 0.2980 0.4566 0.2573 0.2460
160031 0.2154 0.1985 0.0854 -0.0808
160032 0.4353 0.2039 -0.0385 -0.0808
160033 -0.0930 0.0412 0.3579 0.5033
160034 0.4090 0.2046 0.1568 0.2682
160035 0.2824 0.2668 0.2755 0.3612
160036 0.0739 -0.0657 -0.2227 -0.4434
160037 -0.0380 0.0000 0.0000 0.0000
160038 0.0829 -0.0984 0.0766 0.0615
160039 0.1151 0.2090 0.1538 0.1852
160040 -0.0036 0.0346 0.3076 0.3103
160041 0.4053 0.3504 0.0736 -0.2260
160042 0.1553 -0.0364 -0.0921 -0.0474
160043 0.1101 0.0376 0.1957 0.2089
160044 0.1223 -0.0023 -0.1196 -0.0810
160045 0.1300 0.0532 0.2916 -0.0474
160046 0.2300 -0.1416 -0.0814 -0.0913
160047 0.1708 0.1643 -0.0187 -0.1139
160048 0.2581 0.1894 0.0461 -0.2260
160049 0.0586 -0.1206 -0.2200 -0.0056
160050 0.2836 0.4618 0.3757 0.0000
160051 0.3579 0.1745 0.0694 0.3136
160052 0.1241 0.0606 0.1066 -0.2044
160053 0.2348 0.2348 0.1290 0.4263
160054 0.1140 -0.0838 -0.0442 0.0640
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Table C.1 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160055 0.2920 0.2352 -0.0670 -0.3746
160056 0.2966 0.1313 0.2107 0.2751
160057 0.3838 0.2967 0.0563 -0.3330
160058 0.0012 -0.2917 0.0168 -0.0692
160059 0.2883 -0.1033 0.1318 0.0640
160060 0.0000 0.0000 0.0000 0.0000
160061 0.2186 -0.1030 0.2107 0.4535
160062 0.1056 -0.0701 -0.1561 -0.2087
160063 0.0365 0.0570 -0.0418 0.0898
160064 0.2481 0.3302 0.1592 -0.0441
160065 -0.0272 -0.2615 -0.4212 -0.1535
160066 -0.1009 0.0125 0.4269 0.2461
160067 0.0136 -0.0093 0.1637 0.0898
160068 0.0390 -0.1219 -0.2824 0.0000
160069 0.2224 -0.0120 0.2108 0.1364
160070 0.0423 -0.0533 0.3699 0.1921
160071 0.1943 0.0031 0.1559 -0.0810
160072 0.2186 0.2331 0.2169 0.2262
160073 0.2013 -0.0126 0.0217 0.3225
160074 0.3289 0.2292 -0.0088 0.0238
160075 0.0000 0.0000 0.0000 0.0000
160076 0.1443 -0.0093 0.0000 0.0000
160077 0.0059 0.1195 0.0703 -0.1281
160078 0.1822 -0.1186 -0.0921 0.4715
160079 0.3248 0.3558 0.0563 0.0808
160080 0.1056 -0.1063 -0.1862 0.4535
160081 0.1882 0.1195 0.1034 -0.1066
160082 0.1301 0.0649 0.3123 -0.0114
160083 0.1376 0.0823 0.2345 -0.2935
160084 0.2800 0.5687 0.3556 0.1139
160085 0.1580 -0.1030 -0.2944 0.0615
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Table C.1 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160086 0.1300 0.0572 0.3435 0.2044
160087 0.1955 0.0913 -0.2560 -0.1535
160088 -0.0804 -0.1961 -0.2351 -0.1998
160089 0.2772 0.0126 0.0619 0.4167
160090 -0.0300 0.1905 0.1637 0.0898
160526 0.2836 0.1977 0.2561 0.4535
160527 0.2211 0.1618 0.4232 0.0114
160528 0.1479 -0.0874 0.0038 -0.2919
160529 -0.0272 -0.2582 -0.2814 -0.2894
160530 0.1396 -0.0782 0.1867 0.2682
160531 0.1950 0.0346 -0.1162 0.1087
160532 0.0518 -0.0864 -0.2226 0.0000
160533 0.2074 0.1905 0.3911 0.1852
160534 0.0000 0.0000 0.0000 0.0000
160535 0.2356 0.4575 0.5232 0.3700
160536 0.0713 0.2292 0.1149 0.1377
160537 0.2885 0.1491 0.2862 0.6963
160538 0.1169 0.1491 -0.0533 -0.1535
160539 0.0901 0.1372 0.1034 0.2460
160540 0.1639 0.3961 0.3325 -0.0761
160541 0.3539 0.2337 -0.0217 0.0184
160542 0.1824 -0.1040 -0.0533 -0.1400
160543 0.0649 0.1152 0.2597 0.4715
160544 0.1833 -0.1929 0.0000 0.0000
160545 0.0954 0.1625 0.1385 0.1139
160546 0.0000 0.0000 0.0000 0.0000
160547 0.2811 0.0166 -0.1838 -0.1111
160548 0.2629 -0.0236 0.1241 0.1281
160549 0.2824 0.0992 0.0303 0.2807
160550 0.4042 0.1520 0.2144 -0.0471
160551 0.2205 0.0731 0.5155 0.5977
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Table C.1 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160552 0.3101 0.5026 0.2107 -0.1965
160553 0.1476 -0.0690 -0.0945 -0.3810
160554 0.2015 0.2326 0.2835 -0.0692
160555 0.3749 0.0000 0.0000 0.0000
160556 0.2813 0.0217 -0.1094 -0.1111
160557 0.3548 0.3032 0.0996 -0.0437
160558 0.2423 0.0606 -0.1316 0.0238
160559 0.2653 0.0290 -0.0088 -0.0474
160560 0.2133 0.0781 -0.0058 -0.3305
160561 0.2015 -0.2284 0.0000 0.0000
160562 -0.0636 0.0000 0.0000 0.0000
160563 0.1022 -0.0107 -0.1162 -0.1690
160564 0.2586 0.4015 0.2597 -0.1281
160565 0.1646 0.1414 0.1025 -0.1998
160566 0.2540 0.0478 0.1318 0.0898
160567 0.0320 -0.1033 -0.2558 -0.3873
160568 0.0281 0.1622 0.1962 0.3228
160569 0.2538 0.0063 0.1637 0.1852
160570 0.2961 0.1416 0.0312 -0.3330
160571 0.1201 -0.0584 -0.0736 0.1535
160572 0.2302 0.0584 0.0461 0.0332
160573 0.2998 -0.0015 -0.0251 -0.4287
160574 0.2106 -0.1929 0.0000 0.0000
160575 0.0609 0.1534 0.3550 0.1852
160576 0.0652 -0.1116 0.1558 0.1066
160577 0.1216 0.3236 0.1066 0.2058
160578 0.1544 0.1977 0.2561 0.4535
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Table C.2

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
159995 -0.1125 -0.0180 -0.0655 -0.0555
159996 -0.0017 0.0173 -0.1121 0.1118
159997 0.3494 0.0504 -0.0360 -0.0488
159998 0.3372 0.2062 0.2302 0.1236
159999 0.2592 0.2640 0.1734 -0.0075
160000 0.0715 0.0223 0.2313 0.2765
160001 -0.0636 0.0000 0.0000 0.0000
160002 0.1160 0.2518 0.2922 0.2142
160003 0.1235 -0.1785 -0.1647 -0.2173
160004 -0.0436 -0.0804 -0.1274 -0.3181
160005 0.4647 0.0249 -0.0535 0.1118
160006 0.4144 0.1844 0.2643 0.3548
160007 0.1342 -0.1009 -0.1442 -0.1101
160008 0.1732 -0.0133 0.0817 0.0674
160009 0.0014 0.2062 0.2302 0.3368
160010 0.1508 0.2103 0.2298 0.3296
160011 0.2503 0.2637 0.2922 0.2550
160012 -0.0345 0.0886 0.0519 -0.2330
160013 0.2169 0.1471 -0.0657 0.2722
160014 0.3356 0.4352 0.4008 0.0674
160015 0.1391 0.1174 0.0888 -0.1277
160016 0.1500 0.0173 -0.1249 -0.1159
160017 0.2353 0.0488 -0.0664 0.0350
160018 0.2385 0.1029 0.1250 0.1416
160019 0.1183 -0.0727 0.0360 0.1861
160020 0.1056 -0.1309 -0.2356 0.2828
160021 0.1994 -0.0539 0.0841 0.0477
160022 0.0000 0.0000 0.0000 0.0000
160023 0.0000 0.0000 0.0000 0.0000
160024 -0.0251 -0.1067 0.0302 0.0000
160025 0.1141 0.1172 0.1028 0.1697
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Table C.2 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160026 0.1059 0.2839 0.3496 0.2722
160027 0.0230 0.0005 -0.0337 -0.1038
160028 0.2308 0.0482 -0.0029 -0.0824
160029 0.3289 0.1678 0.1261 -0.0360
160030 0.2980 0.2603 0.0137 0.1423
160031 0.2154 0.0522 0.2569 0.4330
160032 0.4353 0.2138 0.2906 0.2315
160033 -0.0930 -0.1229 -0.0952 -0.2416
160034 0.4090 0.2019 0.0608 0.1976
160035 0.2824 0.3741 0.3144 0.3932
160036 0.0739 0.0441 -0.0211 0.0154
160037 -0.0380 -0.2140 0.0000 0.0000
160038 0.0829 0.0478 0.0302 0.3487
160039 0.1151 0.1861 -0.0018 -0.0486
160040 -0.0036 0.0972 0.0259 -0.3030
160041 0.4053 0.1560 0.1443 0.1798
160042 0.1553 0.0727 0.0440 0.0098
160043 0.1101 0.2098 0.0753 0.2547
160044 0.1223 -0.2120 -0.0673 -0.0167
160045 0.1300 0.1483 0.1451 0.1697
160046 0.2300 0.1044 0.0372 -0.1179
160047 0.1708 0.1468 0.3210 0.4031
160048 0.2581 0.0140 0.0888 0.0674
160049 0.0586 0.0440 -0.0033 -0.1537
160050 0.2836 0.0000 0.0000 0.0000
160051 0.3579 0.3204 0.2585 -0.0797
160052 0.1241 0.1211 0.1915 0.0974
160053 0.2348 0.3454 0.1138 -0.1070
160054 0.1140 -0.1861 -0.2910 -0.4404
160055 0.2920 0.3076 0.3000 0.5385
160056 0.2966 0.2103 0.2298 -0.1531
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Table C.2 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160057 0.3838 0.3311 0.2519 0.3635
160058 0.0012 -0.0677 -0.1423 0.0619
160059 0.2883 0.1162 0.0841 0.0098
160060 0.0000 0.0000 0.0000 0.0000
160061 0.2186 -0.1268 -0.4155 -0.4807
160062 0.1056 0.1638 0.1663 0.2173
160063 0.0365 0.2251 0.2625 0.1171
160064 0.2481 0.0229 0.1588 0.1530
160065 -0.0272 -0.0146 -0.0052 -0.1346
160066 -0.1009 0.1454 0.1249 0.1159
160067 0.0136 -0.1268 0.0605 -0.1946
160068 0.0390 -0.0161 -0.0458 -0.1101
160069 0.2224 0.1801 0.0334 -0.0824
160070 0.0423 -0.1425 -0.2585 -0.3836
160071 0.1943 0.0014 0.0465 0.0828
160072 0.2186 0.3454 0.4090 0.3380
160073 0.2013 0.3213 0.1974 -0.0652
160074 0.3289 0.0413 -0.0380 0.1976
160075 0.0000 0.0000 0.0000 0.0000
160076 0.1443 -0.2085 -0.3414 -0.5215
160077 0.0059 -0.1271 0.0149 0.1179
160078 0.1822 -0.1752 -0.3759 -0.3580
160079 0.3248 0.3544 0.2830 0.2582
160080 0.1056 -0.0851 -0.2121 -0.2453
160081 0.1882 0.4100 0.4888 0.4336
160082 0.1301 -0.0660 0.0097 -0.1695
160083 0.1376 0.0424 0.1407 0.2765
160084 0.2800 0.1017 -0.0957 0.3380
160085 0.1580 -0.0851 -0.1800 -0.0719
160086 0.1300 0.0684 -0.0977 0.0555
160087 0.1955 0.1308 0.0935 0.0154
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Table C.2 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160088 -0.0804 -0.3558 -0.1655 0.0619
160089 0.2772 0.0621 0.0383 0.1261
160090 -0.0300 0.0693 0.2360 0.1171
160526 0.2836 0.2808 0.0000 0.0000
160527 0.2211 0.0629 0.0210 0.2315
160528 0.1479 -0.0851 -0.0241 -0.1199
160529 -0.0272 -0.1752 -0.0887 -0.0809
160530 0.1396 0.0272 0.0082 -0.1159
160531 0.1950 0.2776 0.2897 0.3688
160532 0.0518 0.0169 -0.0012 -0.0336
160533 0.2074 0.1035 0.0905 0.0619
160534 0.0000 0.0000 0.0000 0.0000
160535 0.2356 0.4433 0.4482 0.2668
160536 0.0713 0.1740 0.2568 0.3986
160537 0.2885 0.4596 0.3107 -0.1537
160538 0.1169 0.0318 0.0841 0.1798
160539 0.0901 0.0442 0.0587 -0.0694
160540 0.1639 0.0945 0.1164 0.2630
160541 0.3539 0.2127 0.0771 0.2198
160542 0.1824 0.0070 -0.1274 -0.1236
160543 0.0649 -0.0564 0.0243 -0.1101
160544 0.1833 -0.0821 -0.1348 -0.2630
160545 0.0954 0.1549 0.3949 0.1957
160546 0.0000 0.0000 0.0000 0.0000
160547 0.2811 0.0902 0.0259 0.0637
160548 0.2629 -0.0154 -0.1240 -0.3777
160549 0.2824 0.2642 0.3154 -0.0336
160550 0.4042 0.1331 0.1571 0.1256
160551 0.2205 0.1021 -0.0957 -0.0609
160552 0.3101 0.1894 0.2218 0.3380
160553 0.1476 0.0602 0.1309 0.0974
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Table C.2 (continued)

[tem Discrimination Values for Examination 3 xC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160554 0.2015 0.1488 0.1768 0.2722
160555 0.3749 0.0000 0.0000 0.0000
160556 0.2813 0.1544 0.1369 -0.0360
160557 0.3548 0.2098 0.2182 0.4002
160558 0.2423 0.1544 0.2661 0.0307
160559 0.2653 0.0617 0.1538 -0.0450
160560 0.2133 0.0478 0.0302 0.0066
160561 0.2015 -0.1151 -0.1793 0.0000
160562 -0.0636 0.0000 0.0000 0.0000
160563 0.1022 -0.0729 -0.0216 0.2615
160564 0.2586 0.2642 0.3154 0.2828
160565 0.1646 -0.0091 -0.0551 0.1171
160566 0.2540 0.1206 0.1138 0.0619
160567 0.0320 0.0440 -0.0033 -0.0926
160568 0.0281 0.2478 0.3104 0.0000
160569 0.2538 0.1172 -0.0724 -0.1946
160570 0.2961 0.1779 0.1588 0.1530
160571 0.1201 -0.0012 -0.2127 -0.2959
160572 0.2302 0.0752 0.1930 -0.1537
160573 0.2998 0.1286 -0.0445 0.0225
160574 0.2106 -0.0821 -0.1348 -0.2630
160575 0.0609 0.1861 -0.0018 -0.0486
160576 0.0652 0.0180 -0.0542 -0.0954
160577 0.1216 0.4867 0.4770 0.4420
160578 0.1544 0.2808 0.0000 0.0000
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Table C.3

[tem Discrimination Values for Examination 3 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
159995 -0.1125 0.1628 0.3763 0.1530
159996 -0.0017 0.4277 0.3027 0.1976
159997 0.3494 0.2042 -0.0260 0.1848
159998 0.3372 0.1232 0.3508 0.2058
159999 0.2592 0.0069 0.0240 0.1122
160000 0.0715 -0.1042 -0.1651 0.1530
160001 -0.0636 0.0000 0.0000 0.0000
160002 0.1160 0.0330 -0.1430 -0.5412
160003 0.1235 0.1750 0.2161 0.4686
160004 -0.0436 -0.0705 -0.0794 -0.0071
160005 0.4647 0.4288 0.2920 0.8554
160006 0.4144 0.0522 -0.0825 0.0574
160007 0.1342 0.0166 0.0000 -0.1848
160008 0.1732 -0.0696 -0.0809 -0.1564
160009 0.0014 -0.2772 -0.3506 0.0000
160010 0.1508 0.0756 -0.3121 -0.4086
160011 0.2503 -0.1523 -0.1861 -0.0855
160012 -0.0345 0.2269 -0.1559 -0.1656
160013 0.2169 0.0786 0.1117 0.2058
160014 0.3356 0.0365 0.0674 -0.0128
160015 0.1391 0.1850 0.4143 0.1848
160016 0.1500 0.2453 0.0470 0.1275
160017 0.2353 -0.0055 -0.1861 -0.0855
160018 0.2385 0.0322 -0.1101 0.2933
160019 0.1183 -0.0236 -0.1853 -0.1782
160020 0.1056 -0.0034 0.0069 0.3869
160021 0.1994 -0.0321 0.1141 0.3300
160022 0.0000 0.0000 0.0000 0.0000
160023 0.0000 0.0000 0.0000 0.0000
160024 -0.0251 -0.0383 -0.0442 -0.2871
160025 0.1141 0.0021 0.0159 0.1497
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Table C.3 (continued)

[tem Discrimination Values for Examination 3 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160026 0.1059 -0.0909 -0.1101 -0.1656
160027 0.0230 0.2555 0.3345 0.4417
160028 0.2308 0.0747 0.2820 0.5418
160029 0.3289 0.0784 -0.0660 -0.1056
160030 0.2980 0.2654 0.3852 0.4782
160031 0.2154 -0.1445 -0.0393 -0.2232
160032 0.4353 0.1441 0.0449 0.0574
160033 -0.0930 0.0574 0.0955 -0.4026
160034 0.4090 0.2654 0.0747 0.0396
160035 0.2824 0.0524 0.0841 -0.6138
160036 0.0739 -0.0158 0.1430 0.5632
160037 -0.0380 0.0000 0.0000 0.0000
160038 0.0829 -0.0873 -0.1073 -0.4086
160039 0.1151 0.1083 0.1503 0.3869
160040 -0.0036 -0.0972 0.0240 -0.2678
160041 0.4053 0.4493 0.4644 0.5478
160042 0.1553 0.1020 -0.1101 -0.0442
160043 0.1101 -0.1615 -0.1995 -0.3375
160044 0.1223 0.3929 0.2336 0.3849
160045 0.1300 -0.0825 -0.0963 0.0247
160046 0.2300 -0.1413 -0.3490 -0.1848
160047 0.1708 -0.3253 -0.2820 -0.1122
160048 0.2581 0.0981 0.4607 0.3065
160049 0.0586 -0.1618 0.0189 -0.1656
160050 0.2836 0.3344 0.4402 0.5679
160051 0.3579 0.0321 0.0963 -0.0247
160052 0.1241 -0.2708 -0.2161 -0.1640
160053 0.2348 0.0505 0.2476 0.0396
160054 0.1140 0.2718 0.2065 0.2574
160055 0.2920 -0.1413 -0.0240 0.2678
160056 0.2966 0.3169 0.0757 -0.0071
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Table C.3 (continued)

[tem Discrimination Values for Examination 3 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160057 0.3838 -0.0214 0.2625 0.4633
160058 0.0012 -0.1363 -0.1704 0.0000
160059 0.2883 0.2571 0.0159 -0.4280
160060 0.0000 0.0000 0.0000 0.0000
160061 0.2186 0.3752 0.4970 0.1152
160062 0.1056 -0.0298 -0.0275 0.0000
160063 0.0365 -0.1264 -0.1559 -0.1656
160064 0.2481 -0.0368 0.2359 0.4080
160065 -0.0272 -0.2933 -0.3714 -0.2871
160066 -0.1009 -0.1623 -0.0540 -0.5418
160067 0.0136 0.2337 0.3164 0.0247
160068 0.0390 0.0000 0.0000 0.0000
160069 0.2224 0.3586 0.1741 -0.0071
160070 0.0423 0.0863 0.1192 -0.0658
160071 0.1943 0.0069 0.0240 0.3849
160072 0.2186 0.0752 -0.2383 -0.4776
160073 0.2013 0.0522 0.1011 -0.2574
160074 0.3289 0.1832 0.2640 0.3300
160075 0.0000 0.0000 0.0000 0.0000
160076 0.1443 0.4053 0.5319 0.7490
160077 0.0059 0.2571 0.0159 0.1497
160078 0.1822 0.3455 0.0275 -0.2469
160079 0.3248 0.1042 0.2959 -0.0128
160080 0.1056 0.4407 0.0821 -0.0442
160081 0.1882 -0.1942 -0.1125 -0.3375
160082 0.1301 -0.0684 0.0606 0.0829
160083 0.1376 -0.2921 -0.1189 -0.0574
160084 0.2800 0.4020 0.5509 0.7655
160085 0.1580 0.1217 0.1651 0.0247
160086 0.1300 -0.2251 -0.1516 -0.1122
160087 0.1955 0.3720 0.2048 0.3849
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Table C.3 (continued)

[tem Discrimination Values for Examination 3 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160088 -0.0804 -0.1852 -0.2335 0.0000
160089 0.2772 0.0841 -0.0449 -0.3634
160090 -0.0300 0.0193 0.0347 0.0247
160526 0.2836 0.3344 0.4402 -0.0442
160527 0.2211 0.1623 0.1990 -0.1497
160528 0.1479 -0.1289 0.0275 0.1988
160529 -0.0272 -0.3069 -0.3891 0.0000
160530 0.1396 -0.0418 -0.0359 -0.0829
160531 0.1950 -0.1032 -0.3144 -0.5412
160532 0.0518 0.0000 0.0000 0.0000
160533 0.2074 0.0490 0.0732 0.1152
160534 0.0000 0.0000 0.0000 0.0000
160535 0.2356 0.3365 0.2935 0.0000
160536 0.0713 -0.3692 -0.2279 -0.6184
160537 0.2885 0.3510 0.1759 -0.4782
160538 0.1169 -0.0386 0.1112 0.3849
160539 0.0901 0.2037 0.2959 0.2933
160540 0.1639 -0.0078 0.1466 0.4686
160541 0.3539 0.2877 0.2406 0.4752
160542 0.1824 0.0365 -0.1261 0.1497
160543 0.0649 0.1083 0.1503 -0.0855
160544 0.1833 0.4024 0.5239 0.0000
160545 0.0954 -0.1586 -0.1965 -0.4280
160546 0.0000 0.0000 0.0000 0.0000
160547 0.2811 -0.0321 -0.0260 0.1848
160548 0.2629 0.2475 0.3121 0.4086
160549 0.2824 0.1973 0.2658 -0.4280
160550 0.4042 0.1577 0.0636 0.0829
160551 0.2205 0.1020 0.1444 -0.1782
160552 0.3101 0.1958 0.2700 0.7770
160553 0.1476 0.1413 0.0240 0.0247

228



Table C.3 (continued)

[tem Discrimination Values for Examination 3 x:C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160554 0.2015 0.0154 0.0275 0.1988
160555 0.3749 0.6888 0.5239 0.0000
160556 0.2813 0.0330 0.0069 -0.0855
160557 0.3548 0.2671 0.0606 -0.0855
160558 0.2423 -0.1068 -0.1261 -0.0071
160559 0.2653 0.1958 0.0732 0.1152
160560 0.2133 0.1973 0.5319 0.1988
160561 0.2015 0.5493 0.0000 0.0000
160562 -0.0636 0.0000 0.0000 0.0000
160563 0.1022 -0.0368 -0.0275 -0.0330
160564 0.2586 0.2344 0.4924 0.3849
160565 0.1646 0.0154 0.0275 0.3203
160566 0.2540 0.2864 -0.0039 0.0247
160567 0.0320 -0.1586 -0.0183 0.1988
160568 0.0281 0.0106 0.0189 -0.1656
160569 0.2538 0.3127 0.0347 0.1152
160570 0.2961 0.0400 0.0240 0.1122
160571 0.1201 -0.0069 -0.0240 0.0658
160572 0.2302 0.2200 0.1117 -0.1640
160573 0.2998 -0.1434 0.1430 0.6138
160574 0.2106 0.5493 0.0000 0.0000
160575 0.0609 0.0193 0.0347 0.1152
160576 0.0652 0.1441 0.1742 -0.3300
160577 0.1216 0.0810 -0.1853 -0.3379
160578 0.1544 0.0596 0.0821 -0.0442

229



Table C.4

[tem Discrimination Values for Examination 3 x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
159995 -0.1125 -0.1515 0.0609 0.1748
159996 -0.0017 -0.1534 -0.3230 -0.2179
159997 0.3494 0.2456 0.1108 0.2144
159998 0.3372 0.2655 0.3618 0.2236
159999 0.2592 0.1381 0.1411 0.1371
160000 0.0715 -0.0351 -0.2648 -0.3753
160001 -0.0636 -0.1278 -0.2494 0.0000
160002 0.1160 0.0220 -0.0161 -0.1714
160003 0.1235 0.0614 -0.1134 -0.0947
160004 -0.0436 -0.0684 0.0882 0.2670
160005 0.4647 0.3704 0.2259 0.2488
160006 0.4144 0.3406 0.0537 0.1261
160007 0.1342 0.0433 0.1535 -0.1148
160008 0.1732 0.2487 0.1411 0.1371
160009 0.0014 0.1562 -0.0930 0.2236
160010 0.1508 0.1332 0.0572 0.3801
160011 0.2503 0.2372 -0.0686 0.0928
160012 -0.0345 -0.0837 0.1086 0.4677
160013 0.2169 0.1249 -0.0911 -0.1746
160014 0.3356 0.1489 0.1688 0.4516
160015 0.1391 0.0904 0.1971 0.1958
160016 0.1500 0.0395 0.0286 0.1824
160017 0.2353 0.3406 0.3292 0.2018
160018 0.2385 0.0519 0.0699 0.2542
160019 0.1183 0.2867 0.0658 -0.1514
160020 0.1056 0.0636 -0.2469 -0.2673
160021 0.1994 0.0351 0.0671 -0.2191
160022 0.0000 0.0000 0.0000 0.0000
160023 0.0000 0.0000 0.0000 0.0000
160024 -0.0251 -0.0865 -0.1688 -0.3094
160025 0.1141 0.1410 -0.1315 -0.0221
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Table C.4 (continued)

[tem Discrimination Values for Examination 3 x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160026 0.1059 0.0673 -0.2494 0.0000
160027 0.0230 -0.1348 0.0887 0.3801
160028 0.2308 0.1164 0.2614 0.0947
160029 0.3289 0.2016 0.1515 0.1398
160030 0.2980 0.1099 0.0856 0.0522
160031 0.2154 0.2059 -0.0889 -0.3438
160032 0.4353 0.2836 0.0733 -0.0510
160033 -0.0930 -0.2132 -0.2163 -0.2297
160034 0.4090 0.2511 -0.0684 -0.0419
160035 0.2824 0.1248 -0.0384 -0.0949
160036 0.0739 0.2149 0.3432 0.2346
160037 -0.0380 -0.0740 -0.1439 -0.2542
160038 0.0829 0.1826 0.0144 -0.0153
160039 0.1151 0.0277 0.0671 0.0643
160040 -0.0036 -0.0875 0.2123 0.0153
160041 0.4053 0.2247 0.3350 0.2120
160042 0.1553 0.0190 0.2242 0.0203
160043 0.1101 0.2464 0.1201 0.1161
160044 0.1223 -0.0710 -0.0701 -0.0966
160045 0.1300 0.1661 -0.0686 0.0928
160046 0.2300 0.1515 0.1265 0.2166
160047 0.1708 0.3145 -0.1248 -0.1824
160048 0.2581 0.0806 0.1528 -0.1175
160049 0.0586 0.0298 0.2259 0.2644
160050 0.2836 0.0000 0.0000 0.0000
160051 0.3579 0.2550 0.0066 0.2909
160052 0.1241 0.0965 0.2025 0.0015
160053 0.2348 0.1863 0.3718 0.2652
160054 0.1140 0.0117 0.2894 0.1072
160055 0.2920 0.3703 0.1343 0.2475
160056 0.2966 0.0555 0.0965 0.0928
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Table C.4 (continued)

[tem Discrimination Values for Examination 3 x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160057 0.3838 0.3438 0.4976 0.2236
160058 0.0012 0.1526 0.0887 0.0682
160059 0.2883 0.2140 0.0856 0.0522
160060 0.0000 0.0000 0.0000 0.0000
160061 0.2186 0.0521 0.1087 0.0671
160062 0.1056 0.1597 0.2102 0.2652
160063 0.0365 0.0753 0.2254 0.3032
160064 0.2481 0.0790 0.0340 -0.3226
160065 -0.0272 0.0335 0.1914 0.3305
160066 -0.1009 -0.1216 -0.0066 -0.1134
160067 0.0136 -0.0820 -0.0413 -0.1539
160068 0.0390 0.0875 0.1727 0.2236
160069 0.2224 0.0820 0.0344 0.2220
160070 0.0423 -0.0521 0.0596 0.0015
160071 0.1943 0.1923 0.0853 0.0308
160072 0.2186 0.2338 -0.0384 -0.0949
160073 0.2013 0.2429 0.2322 0.5543
160074 0.3289 0.2511 -0.0905 -0.0783
160075 0.0000 0.0000 0.0000 0.0000
160076 0.1443 -0.0174 0.1353 0.1181
160077 0.0059 0.0351 -0.1347 -0.1510
160078 0.1822 0.0318 0.0701 -0.0235
160079 0.3248 0.1978 0.3073 0.1641
160080 0.1056 -0.1002 0.1101 0.0792
160081 0.1882 0.2174 0.1201 0.1439
160082 0.1301 0.0375 0.0733 -0.2166
160083 0.1376 0.1450 0.0991 -0.2166
160084 0.2800 0.1803 -0.0930 -0.1945
160085 0.1580 0.1909 0.1857 0.1958
160086 0.1300 0.1663 0.0428 -0.1748
160087 0.1955 0.1131 0.1093 0.4669
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Table C.4 (continued)

[tem Discrimination Values for Examination 3 x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160088 -0.0804 -0.1547 -0.3549 -0.3690
160089 0.2772 0.0912 0.0198 -0.0402
160090 -0.0300 -0.1330 -0.1315 -0.0221
160526 0.2836 0.0000 0.0000 0.0000
160527 0.2211 0.0573 0.0477 -0.1991
160528 0.1479 0.1909 0.2109 0.0098
160529 -0.0272 0.0708 -0.1234 -0.0179
160530 0.1396 0.0847 -0.1255 0.0827
160531 0.1950 0.2541 -0.0250 0.1398
160532 0.0518 0.1144 0.2254 0.3032
160533 0.2074 0.1546 0.0586 0.0354
160534 0.0000 0.0000 0.0000 0.0000
160535 0.2356 0.0222 -0.0399 0.0654
160536 0.0713 0.0388 -0.1038 -0.4054
160537 0.2885 -0.0677 0.2459 0.3078
160538 0.1169 -0.0576 -0.0173 0.0403
160539 0.0901 -0.0641 -0.2021 -0.1174
160540 0.1639 0.1748 -0.0576 -0.1174
160541 0.3539 0.1281 -0.0250 0.1398
160542 0.1824 0.1611 0.2504 0.0730
160543 0.0649 -0.1348 -0.1083 -0.2448
160544 0.1833 0.0336 0.0671 0.0643
160545 0.0954 -0.0515 -0.1966 -0.3338
160546 0.0000 0.0000 0.0000 0.0000
160547 0.2811 0.3158 0.2413 0.2642
160548 0.2629 0.1228 0.2683 0.1235
160549 0.2824 0.1144 0.2254 0.3032
160550 0.4042 0.2292 0.0767 -0.0557
160551 0.2205 0.1160 0.0025 -0.0751
160552 0.3101 0.1704 -0.2494 0.0000
160553 0.1476 0.1053 0.2494 0.0792
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Table C.4 (continued)

[tem Discrimination Values for Examination 3 x4C

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160554 0.2015 0.2220 0.0000 0.0000
160555 0.3749 0.0000 0.0000 0.0000
160556 0.2813 0.2868 0.4625 0.2346
160557 0.3548 0.2664 -0.0551 -0.1370
160558 0.2423 0.2467 0.0384 0.1569
160559 0.2653 0.1597 0.1556 0.1371
160560 0.2133 0.0594 0.1201 0.2236
160561 0.2015 0.0067 0.0144 -0.0153
160562 -0.0636 -0.1278 -0.2494 0.0000
160563 0.1022 0.2429 0.0991 -0.0095
160564 0.2586 0.1070 0.3309 0.0000
160565 0.1646 0.1704 0.1344 0.1503
160566 0.2540 0.0555 0.1344 0.1503
160567 0.0320 0.1434 0.3197 0.4342
160568 0.0281 -0.2086 0.0000 0.0000
160569 0.2538 0.0784 0.2145 0.2599
160570 0.2961 0.1923 0.2856 0.1371
160571 0.1201 0.1228 0.1926 0.2024
160572 0.2302 -0.0027 0.1556 0.1371
160573 0.2998 0.2811 0.3786 0.3438
160574 0.2106 0.0336 0.0671 0.0643
160575 0.0609 0.0119 0.0671 0.0643
160576 0.0652 -0.1216 -0.1151 -0.0274
160577 0.1216 0.0708 -0.0930 0.2236
160578 0.1544 0.0000 0.0000 0.0000
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Table C.5

[tem Discrimination Values for Examination 3 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
159995 -0.1125 0.0526 0.0388 0.0624
159996 -0.0017 0.3743 0.2466 0.7057
159997 0.3494 0.2443 0.5114 0.3119
159998 0.3372 0.2454 0.3812 0.2205
159999 0.2592 -0.1505 -0.6117 -0.1953
160000 0.0715 0.1734 0.1165 0.1871
160001 -0.0636 0.0000 0.0000 0.0000
160002 0.1160 -0.1681 0.2018 0.8090
160003 0.1235 0.4983 0.2202 0.5300
160004 -0.0436 -0.1832 -0.5157 -0.5300
160005 0.4647 0.8629 0.7721 0.5300
160006 0.4144 0.0681 0.2719 -0.2205
160007 0.1342 -0.1206 -0.1905 0.1871
160008 0.1732 -0.2353 -0.2202 -0.5300
160009 0.0014 0.0000 0.0000 0.0000
160010 0.1508 0.2096 0.7193 0.8090
160011 0.2503 -0.2308 0.0147 -0.1953
160012 -0.0345 0.3208 0.7193 0.8090
160013 0.2169 -0.0128 -0.4260 -0.3627
160014 0.3356 -0.3096 -0.3710 -0.4411
160015 0.1391 0.1206 -0.1942 -0.3119
160016 0.1500 0.1084 -0.0301 -0.2205
160017 0.2353 0.1538 0.1103 0.3529
160018 0.2385 0.2539 0.3495 -0.0882
160019 0.1183 0.2539 0.4272 0.6862
160020 0.1056 0.0984 -0.2466 -0.7057
160021 0.1994 -0.0201 -0.2908 -0.3088
160022 0.0000 0.0000 0.0000 0.0000
160023 0.0000 0.0000 0.0000 0.0000
160024 -0.0251 -0.2722 0.0000 0.0000
160025 0.1141 -0.0879 -0.2466 -0.7057
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Table C.5 (continued)

[tem Discrimination Values for Examination 3 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160026 0.1059 -0.1969 0.0000 0.0000
160027 0.0230 0.1796 0.0147 -0.1953
160028 0.2308 0.1502 -0.2908 -0.3088
160029 0.3289 0.0793 0.1905 0.4852
160030 0.2980 0.1889 -0.4709 -0.3529
160031 0.2154 -0.2136 0.1103 -0.3119
160032 0.4353 0.2919 0.5315 0.7057
160033 -0.0930 -0.5759 -0.4512 -0.5734
160034 0.4090 0.3746 0.1304 0.6862
160035 0.2824 -0.3331 -0.0673 0.3069
160036 0.0739 0.4877 0.3812 0.2205
160037 -0.0380 0.0000 0.0000 0.0000
160038 0.0829 -0.3475 0.0000 0.0000
160039 0.1151 0.0984 -0.2466 -0.0279
160040 -0.0036 -0.4156 -0.4260 -0.3627
160041 0.4053 0.6563 0.6919 0.3627
160042 0.1553 0.3764 0.2018 0.8090
160043 0.1101 -0.3465 -0.4550 0.0000
160044 0.1223 0.6155 0.6602 0.4411
160045 0.1300 -0.1241 -0.1028 -0.3627
160046 0.2300 -0.1206 0.1942 0.3119
160047 0.1708 -0.2030 -0.3510 -0.0624
160048 0.2581 0.2408 0.1103 -0.3119
160049 0.0586 -0.1969 0.0000 0.0000
160050 0.2836 0.2096 -0.0673 -0.4411
160051 0.3579 -0.2931 -0.3812 -0.2205
160052 0.1241 -0.2784 -0.1028 -0.3627
160053 0.2348 -0.1940 -0.6117 -0.1953
160054 0.1140 0.2855 0.1165 0.1871
160055 0.2920 0.0681 0.2719 -0.2205
160056 0.2966 0.1973 0.5606 0.4852
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Table C.5 (continued)

[tem Discrimination Values for Examination 3 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160057 0.3838 0.3277 -0.1165 -0.1871
160058 0.0012 0.0000 0.0000 0.0000
160059 0.2883 0.2842 0.8296 0.8822
160060 0.0000 0.0000 0.0000 0.0000
160061 0.2186 0.1978 -0.2106 -0.1764
160062 0.1056 0.4054 0.3670 0.3069
160063 0.0365 -0.1969 0.0000 0.0000
160064 0.2481 -0.0681 -0.3495 -0.5614
160065 -0.0272 -0.2722 0.0000 0.0000
160066 -0.1009 -0.5016 -0.5916 -0.4366
160067 0.0136 0.1502 0.2018 -0.0441
160068 0.0390 0.0000 0.0000 0.0000
160069 0.2224 0.4092 0.3495 0.5614
160070 0.0423 -0.1797 -0.2202 -0.5300
160071 0.1943 0.0549 0.0224 -0.3088
160072 0.2186 -0.0635 0.7193 0.8090
160073 0.2013 -0.2855 -0.1165 -0.1871
160074 0.3289 0.2030 0.0388 0.0624
160075 0.0000 0.0000 0.0000 0.0000
160076 0.1443 0.3208 0.1121 -0.1764
160077 0.0059 0.2842 0.3510 0.0624
160078 0.1822 0.1502 0.2018 0.8090
160079 0.3248 -0.0929 0.0388 0.0624
160080 0.1056 0.3764 0.2018 0.8090
160081 0.1882 -0.0403 0.3670 0.3069
160082 0.1301 -0.2094 0.0224 -0.3088
160083 0.1376 -0.2919 0.0224 -0.3088
160084 0.2800 0.4505 -0.0301 -0.2205
160085 0.1580 -0.1241 0.0147 -0.1953
160086 0.1300 -0.4149 -0.5826 -0.3088
160087 0.1955 0.6155 0.6602 0.4411
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Table C.5 (continued)

[tem Discrimination Values for Examination 3 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160088 -0.0804 0.0000 0.0000 0.0000
160089 0.2772 -0.1734 -0.1942 0.3529
160090 -0.0300 -0.1241 -0.1028 -0.3627
160526 0.2836 0.2096 -0.0673 0.3069
160527 0.2211 0.0879 0.2466 0.0279
160528 0.1479 0.0290 -0.2202 -0.5300
160529 -0.0272 0.0000 0.0000 0.0000
160530 0.1396 -0.3498 -0.3710 -0.4411
160531 0.1950 -0.1681 0.2018 0.8090
160532 0.0518 0.0000 0.0000 0.0000
160533 0.2074 -0.0684 -0.1028 -0.3627
160534 0.0000 0.0000 0.0000 0.0000
160535 0.2356 0.0000 0.0000 0.0000
160536 0.0713 -0.6218 -0.6951 0.0000
160537 0.2885 0.0279 0.1165 0.8822
160538 0.1169 0.0549 -0.0673 -0.4411
160539 0.0901 0.1331 0.0388 0.0624
160540 0.1639 -0.0929 -0.4312 -0.8822
160541 0.3539 0.6161 0.1570 0.5734
160542 0.1824 0.2842 0.2707 0.6175
160543 0.0649 -0.2308 -0.5157 -0.5300
160544 0.1833 0.4054 0.3670 0.3069
160545 0.0954 -0.4021 0.0000 0.0000
160546 0.0000 0.0000 0.0000 0.0000
160547 0.2811 -0.1070 0.1121 -0.1764
160548 0.2629 0.3475 0.0000 0.0000
160549 0.2824 -0.0879 0.3670 0.3069
160550 0.4042 0.3498 0.3710 0.4411
160551 0.2205 -0.3244 -0.7721 -0.5300
160552 0.3101 0.2931 -0.0501 -0.5614
160553 0.1476 0.5016 0.6719 0.5614
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Table C.5 (continued)

[tem Discrimination Values for Examination 3 xsC

ltem Unrestricted +/0ASD +/- 0.75SD +/- 0.5@6D
160554 0.2015 0.0290 -0.2202 -0.5300
160555 0.3749 0.7657 0.8296 0.8822
160556 0.2813 0.1538 0.0301 0.2205
160557 0.3548 0.3680 0.7521 0.6862
160558 0.2423 -0.1832 0.1321 -0.0279
160559 0.2653 0.3407 0.4709 0.3529
160560 0.2133 0.3208 0.1121 -0.1764
160561 0.2015 0.6313 0.7193 0.8090
160562 -0.0636 0.0000 0.0000 0.0000
160563 0.1022 -0.0032 0.1103 -0.3119
160564 0.2586 0.2842 0.2707 -0.0624
160565 0.1646 0.1043 -0.1028 -0.3627
160566 0.2540 0.2931 0.3812 0.2205
160567 0.0320 0.0290 -0.2202 -0.5300
160568 0.0281 -0.1969 0.0000 0.0000
160569 0.2538 0.3407 0.0301 0.2205
160570 0.2961 0.2030 0.4312 0.1871
160571 0.1201 -0.1026 -0.1121 0.1764
160572 0.2302 0.1104 0.4709 0.3529
160573 0.2998 0.2094 -0.2018 -0.8090
160574 0.2106 0.6313 0.7193 0.8090
160575 0.0609 -0.0684 -0.5157 -0.5300
160576 0.0652 0.0201 0.2908 0.3088
160577 0.1216 -0.1084 0.1905 0.4852
160578 0.1544 -0.1216 -0.4550 0.0000
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