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Defining Deficient Items by IRT Analysis of Calibration Data

Iosif A. Krass and Gary L. Thomasson
Personnel Testing Division, Defense Manpower Data Center

Seaside, California

Introduction

The computer-adaptive testing version of the Armed Services Vocational Aptitude Battery (CAT-ASVAB) has
been in the field since 1994, with CAT-ASVAB Forms 1 and 2 as the first generation and CAT-ASVAB
Forms 3 and 4 as the second (see Segall, Moreno, Bloxom, & Hetter, 1997). For CAT-ASVAB analysis, we
have been using a 3-PL logistic model (Lord, 1977) to estimate the latent ability of an examinee and,
consequently, to compute the examinee score; with this model the existing forms have provided good precision
in estimating examinee ability.

Now we are calibrating new items in order to create the next generation of CAT-ASVAB, Forms 5 and 6. The
requirements that the items be "good" 3-PL items and typically "like" items in the previous CAT-AS VAB tests
have resulted in a set of algorithmic rules which, from our point of view, are rather general and thus should
present interest for other researchers and item editors who are working to develop or improve their CAT tests.

For CAT ASVAB on-line calibration we are using a "seeded-item" scheme; that is, a new (seeded) item is
given to every examinee in his or her second-through-forth position (chosen randomly) of each test in the
battery. (For a detailed description of the seeded-item scheme, see Segall et. al., 1997.) Answers to the seeded
items are collected along with answers to the non-seeded items, i.e., with answers on the CAT test, which
allows us to estimate examinee ability for that particular test. It also allows us to judge the quality of the each
new item relative to the ability scale.

After a long process of simulations and estimations, we came to the conclusion that a stable estimation of the
Item Characteristic Curve (ICC) of a seeded item requires at least 1,400 answers on the studied item ( Krass,
1998). Once the necessary number of responses per seeded item has been collected, the calibration process
provides the 3-PL parameter estimation of the item ( Krass, 1998).

Classification of Item Deficiencies and Example of Acceptable Item

The parametric model for the CAT-ASVAB test items is a 3-PL model, where the Item Characteristic Curve
(ICC), of item i can be presented as,

P1(0)= ci +
1+ exp(li(0))'

1 ci
(1)

where 13,(6) is the probability for an examinee with the latent ability 6 to answer item i correctly.

Here li(6)=D ai (6k), and are the item discriminating, difficulty, and

guessing indexes, correspondingly, and D =1.7 is a scaling constant (Lord, 1980). We assume that
examinee ability, 6 E [-3.0,+3.0] . Thus, after the process of calibration each seeded item should
have its 3-PL representation (1) with estimated parameters.

Not all seeded items can be used in a future CAT or paper-and-pencil test because, for different reasons, the
items are deficient. We have classified these deficiencies into six different categories:
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Al (classical) biserial of correct answer is not significantly positive

A2 a distractor has significant p-value and distracts examinees with higher test scores

A3 a distractor has significant p-value and distracts examinees with scores not significantly
lower than examinees with high test scores

A4 examinees with high test scores lave less than .5 chance to answer item correctly

AS item has significantly non-monotonic experimental ICC; p-values for the highest and
lowest are too close

A6 item provides insufficient information, not discriminating among examinees

In Figurel we present a seeded item from the Word Knowledge (WK)' test that is acceptable, WK2C8077.
This figure also shows an example of the editorial data page that we provide for every item after calibration.

The editorial data page for an item consists of three parts: distractor analysis, ICC analysis, and a table of
basic statistical parameters for the item.

1. The upper part provides visual analysis of the item options: correct answer and distractors. For every
option there is a graph of option density. Different options density is approximated through the solution of
the Pearson differential equation which conserves the first four momentum of experimental Optional
Characteristic Curve (see Pollard, 1977).

2. The central part of editorial page provides visual ICC analysis. Here the solid line curve presents the
result of a non-parametric approximation for the experimental item frequencies (experimental ICC), which
is considered as a smoothing curve for an experimental ICC. This approximation is done by Dr. M.
Levine's ForScore algorithm (Levine, 1984; Levine, Drasgow, Williams, McCusker, & Thomasson,
1992). The dotted line is the best 3-PL approximation of the non-parametric curve. Also presented on
this same chart is the graph of frequencies for the experimental ICC, with 95% confidence intervals shown
by vertical solid lines. Number of examinees in the different ranges of ability is printed in the low part of
the ICC analysis chart.

3. The last part of the page provides classical statistical values in table format (P-values and biserials for
every option), as well as some IRT values (means of examinee ability who chose a given option).

The 3-PL Deficiency (Categories A2 - A5)

If an item has a deficiency which belongs to categories A2 through AS we identify it as a 3-PL deficient. All
deficiencies of the items considered in this section are based on the fact that adaptive items in the CAT1
CAT4 do not have items which satisfy the properties defined by A2 AS categories. From our practice in on-
line calibration we have found that for an item with A2 AS categories of deficiency it is very hard to fit a

The acronyms for each of the subtests are as follows: GS - General Science; AR Arithmetic Reasoning; WK - Word
Knowledge; PC - Paragraph Comprehension; AI - Auto Information; SI - Shop Information; MK - Mathematics Knowledge; MC

Mechanical Comprehension; EI - Electronic Information; AO - Assembling Objects.
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reasonable 3-PL ICC curve to an experimental or smoothed non-parametric ICC curve. Non-parametric
ICCs for those items usually have more than one mode so fitting the 3-PL ICC to the non-parametric curves in
those cases cannot be done satisfactorily (non parametric ICC behave like "spaghetti" type curve). For this
reason if an item has one of A2 AS deficiency we call the item "not 3-PL item" and correspondent deficiency
we called "3-PL deficiency". If the item do not have 3-PL deficiency, its non-parametric ICC behaves
reasonably well and can be easily approximated by 3-PL curve (see the case of acceptable item WK2C8077 on
the Figure 1).

As a rule, the 3-PL deficient items are either out of the "aptitude" the examinee brings to the testing situation,
most often in the technical subtests (see Tables 1, 2, and 3 in this paper), or errors were made during item
development that resulted in a confusing, incorrect item.. This phenomenon can be also due to present some
obscure dimension in the item formulation.

Although the item which have category deficiency Al formally do not belongs to categories characterized item
as a not 3-PL item (it is too "classical" for 3-PL characteristic of an item) we put the category Al in this
section by reason described below.

Al Deficiency

The Al deficiency we call a "classical" category of deficiency: the biserial of the correct answer is not
significantly positive. Although we have not formally used this category of deficiency to describe an item as
unacceptable for CAT use (because CAT is strictly an IRT instrument), after the calibration of 2000 items we
have not found an item which simply has an Al deficiency. If an item belongs to the Al category, it always
has at least one other deficiency which belongs to the A2 -A5 categories. Therefore, we include items with this
type of deficiency in this section of 3-PL deficient items for completeness of analysis. For the same reason we
do not present an example of an item with the Al deficiency.

A2 Deficiency

In items that are classified as A2 deficient there is a distractor j such that the mean of examinees pi who

chose j instead of correct answer is greater than the mean pK of examinees who chose the correct answer

(pi> pK). This chosen distractor has to have a significantly positive P-value (compared with the P-value of

correct answer) to be a reason for A2 deficiency of the item. We denote by j = J , the P-value

of distractor j , and by pi, j=1,...,J the mean of ability of examinees, who chose this distractor,

as the answer to the item, where J is the total number of item distractors. Then the item will have an
A2 deficiency if two hypothesis inequalities:

2tK

are held with 95% of confidence; here 7c K is the P-value of the correct answer option. This type of deficiency

we will call a "stronger" case of existing a "too hard distractor". An example of this case of a considerably
"stronger" distractor (B) is presented in Figure 2 for a WK item, WK4E8005.

>0; and pi IUK > 0 , (2)

A3 Deficiency

Based on the analysis of items in existing CAT- ASVAB versions, we have determined that the mean of ability
of examinees who chose a particular distractor instead of the correct answer is typically significantly less than
the mean of the examinees who answered the item correctly. Therefore, we developed a "weaker" case of

3
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presence of a "too hard distractor". By this we mean a distractor exists which has a significant P-value
(compared with the P-value of correct answer), and the mean of the ability examinees who chose this distractor
is not significantly less than the mean of the examinees who chose the correct response. In other words, the
first inequality in (2) is holding with 95% of confidence, and the difference plc pi is not significantly

positive. Figure 3 presents an item illustrating the A3 deficiency (MKB18078). Although definitions of A2 and
A3 deficiencies are very close, we choose to divide them having in mind that, if an item have only A3
deficiency it can be reconsider as a candidate for set of acceptable items. Up to now we did not find an
example of this expected phenomena, but we only at the beginning of calibration process using seeded item
design.

A4 Deficiency

Another case of item deficiency is connected with the excessive hardness of the item for the recent population
of examinees (category A4). To check this type of deficiency we define the range of ability 6 E (1.5, + 3.0]

as a range "more able" examinees for the given test. For this range we compute value Pm percent

correct answers for the seeded item. If the seeded item is a "good" 3-PL item the value of 131"
should be close to 1. By analyzing item pools of existing CAT-ASVAB tests we have found that, for
items in those pools, the inequality Pm 0.5 is held. The case of the opposite inequality Prn < 0.5 means
that even higher scoring ("more able") examinees have less than a 0.5 chance to answer the item correctly.

Therefore, we think that if Pm < 0.5 , the item is excessively hard and should not be used for this population.

The editorial page presented in Figure4 illustrates an example of a category A4 item (ARB28181) for the AR
test. Typical for this type of 3-PL deficient items, the non-parametric ICC for this item has more than one
mode, and the steepest increase of the ICC occurs in the area where we do not have a sufficient number of
examinees to make a reliable estimation. Item ARB28181 also has A2 deficiency; the mean of ability for
examinees, who chose distractor B ( pB = 0.545) is higher than mean of ability of examinees, who answer the

item correctly (p K = 0.213), and the P-value of this distractor significantly positive.

AS Deficiency

The next case of item deficiency (A5) is connected with a strongly non-monotonic response frequency and
leads to an absence of a reasonable 3-PL model that should approximate this response frequency. To check
the monotonicity of the experimental frequency we define the range of ability 6 E (-3.0, 1.5) as the "lower"

examinee ability area, compared with the interval of ability 6 E (1.5, + 3.0) , defined earlier as the "higher"

examinee ability area. For the area of "lower" ability intervals we compute the percent correct answers for the

seeded item 13' . The value of P' should be close to the guessing parameter c of the seeded item for an

acceptable 3-PL item, and the value of Pm should be close to 1 for an acceptable seeded item. Thus, if Pr"

is not significantly higher than P' , we will state that the experimental ICC is not monotonic and the item
should be checked and possibly rewritten by the editors. "Significance" here is a 95% test of significance of

the hypothesis Prn > Fs' , checked by a one-sided Student distribution.

The item in Figure 5 provides an example of an item that is judged AS deficient. In the case of the WK4B8028

item, P' > Pm and the 3-PL approximation is not acceptable. This item also has an A3 deficiency: the mean

ability for examinee who chose distractor C (Pc = 0.114) is not significantly higher than the mean of ability

for examinees, who answer the item correctly (plc = 0.163), and the P-value of this distractor is significantly

4
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Analysis of seed item 2C8077 with key B

Test is WK., munber of examinees=1747

1 .0

p 0.8

0.6

1 0.4

0.2

0.0
-3 -2 -1 0 1 2 3

Best fitting done by.3PL curve with a= 1.848, b= 0.666, c= 0.143
Maximum information = 1.879 at theta = 0.732

CLASSICAL TABLE
key A B C 0 E

Pvol 0.088 0.337 0.246 0.152 0.116

Bistriol -0.233 0.539 -0.221 -0.235 -0.231

Means -0.193 0.588 -0.080 -0.146 -0.167

Figure 1. Example of an acceptable item for CAT-ASVAB (WK2C8077).
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Analysis of seed item 4E8005 with key C

Test is WK, number of examinees=1470

-3 -2 -1 0 1

1.0

Y 0.8

t 0.6

0.4

0.2

Distractor analysis
--

NJ

5 9 26 75 179 27 a 79 255 139

2 3

56 16
-3 -2 -1 0 1 2 3

Best fitting done by. 3PL curve with a= 0.683, b=-1.156, c= 0.179
Maximum information = 0.240 at thata =-0.945

CLASSICAL TABLE
key A B C ID E

Nal 0.040 0.121 0.773 0.003 0.063

Biverial 0.028 0.075 0.083 -0.553 -0.304

Mean:. 0.203 0.257 0.180 -1.398 -0.348

Distractor B distract too smart people

Figure 2. Example of an unacceptable item because of A2 deficiency (WK4E8005).
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Analysis of seed item B18078 with key C

Test is MK, number of examinees=1637

-3 -2 -1 0 1

Distractor analysis
2 3

8 21 68 154 246 02 026 269 09 31

-3 -2 -1 0 1 2 3
Best fitting done by 3PL curve with a= 0.781, b= 1.110, c= 0.384

Maximum information = 0.208 at theta = 1.419

CLASSICAL TABLE
key A B C 0 E

Pyal 0.162 0.065 0.577 0.109 0.086

Biscrial -0.138 -0.223 0.226 -0.136 0.071

Mn ea.: 0.183 -0.036 0.518 0.065 0.497

Distracter E distracts too smart people

Figure3. Example of an unacceptable item because of A3 deficiency (MKB18078).
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Analysis of seed item B28181 with key C

Test is AR, number of examinees=1701

-3 0
Distractor analysis

... - .....

3 13 44 ' 20 196 in16 a 57 :329 205 99 19 .
0.0 ..... ...... ... .. ......... .....

-3 -2 -1 0 1 2 3
Best fitting done by 3PL curve with a= 2.609, b= 2.179_, c= 0.281

Maximum infonnation = 2.870 at theta = 2.255

CLASSICAL TABLE
key A B C D

PY41 0.274 0.253 0.303 0.165 0.000

eir-crial -0.232 0.316 0.028 -0.140 0.000

Moro -0.075 0.545 0.213 -0.009 0.000

Distractor B distract too smart people
People has lesser than 50% chance to answer right

Figure 4. Example of an unacceptable item because of A4 and A2 deficiency (ARB28181).
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Analysis of seed item 4B8028 with key D

Test is WK, number of exarninees=1431

1.0

P 0.8r

0.6

1 0.4
t
y

0.2

-2 -1 0 1

Distractor analysis

. _ .

2 3

4 9 20 75 h 83 X35 X53 232 X139 57 20 40.0 ..
-3 -2 0 1 2 3

Best fitting done by 3PL curve with a= 0.305, b= 2.446 c= 0.494
Maximum information = 0.025 at thata = 3.36:5

CLASSICAL TABLE
key A B C D

Pval 0.004 0.088 0.289 0.619 0.000

Bit:cri41 -0.164 0.006 -0.032 0.033 0.000

Won:: -0.331 0.155 0.114 0.163 0.000

Distractor C distracts too smart people
Significantly not monotone ICC

Figure 5. Example of an unacceptable item because of A3 and A5 deficiency (WK4B8028).
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positive. This particular item presents a very easy vocabulary word ("brighten"), but the word has become so
familiar that it no longer has one true definition, and that prevents accurate measurement.

Let us note that "cutoff' values 6 = 1.5; 6 =+ 1.5 for "less able" or "more able" examinee will be
converted to correspondent percentile "cutoffs" when more seeded item will be processed.

Unacceptable Items Without 3-PL Deficiency

If an item has no deficiencies in categories Al-A5, fitting the 3-PL ICC curve is reliable and yields the 3-PL
parameters ( a, b, c) of the item. Using these parameters we can compute item information

D2a2(1 c)1(9)
(c + eD640-b))(1+ e-Da(a-0))2 , at the ability level. Item information defines the precision of the

CAT definition of examinee ability, because the CAT- ASVAB defines the ability approximately by
maximizing the likelihood of examinee answers, and in this case Birnbaum (1968) shows that item information
is reciprocal to the standard error of 6 estimation. Thus, if the item information is too small, that item is not a
good instrument in ability estimation. A small value of item information is responsible for the last category of
an item deficiency (A6).

A6 Deficiency

The last case of item deficiency (A6) is related to the efficiency of ability estimation and the method of
selection of the next item in the test used in the CAT-ASVAB.. This method, excluding small randomization to
restrict item exposure (Hetter & Sympson, 1997), is based completely on an information table. If an item
has insufficient information, which means that the discriminating parameter a is too small, the item has no
chance to be selected in a CAT test exam. To get the minimum requirements on item information, we went
through the existing CAT item pools and estimate the maximum information that can be provided by the item,
getting an "information profile" of the test.

Maximum information I. for the particular item can be reached on maximizing ability 6. which is

different for different items. (If the guessing parameter c is not too big, then 6. is close to the b

parameter of the item). Thus, for a given test, we have determined the minimum level of I. value (maximum

information) in each ability interval for items used in CAT1 CAT4, and these levels define the minimum
boundary for I value all new seeded items in a particular ability interval. (In other words, there is not just

one minimum boundary for a test, or a battery of tests; it depends on the ability interval where maximum
information is reached.)

Both parameters I. and 6, for each seeded item are computed and provided on the item analysis page.

When maximum information provided by the seeded item is less than the lowest boundary defined by the test
"information profile ", .this item is deficient in category A6. An example of this is presented in Figure 6 for
item ARB28178. As we can see, the item ICC behaves more or less normally, but its "ascending limb"
(ascending part of ICC curve) is not steep enough to meet our standards in that ability interval. This item
would not have been chosen for use in any of the current CAT-ASVAB forms.
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Analysis of seed item B28178 with key D

Test is AR, number of examinees=1737

0.50

d 0.40

:10.30

Y0.20

0.10
----

0.00
-3 -2 -1

1.0

p 0.8

0.6

0.4

y
0.2

0.0
-3 -2 -1 0 1 2 3

Best Fitting done by 3PL curve with a= 0.842, b= 0.801, c= 0.131
Maximum information = 0.398 at theta = 0.937

0

.

0 1

Distractor analysis

CLASSICAL TABLE
key .4 B C D

PYSI 0.118 0.151 0.332 0.400 0.000

Bi5erial -0.220 -0.270 -0.167 0.433 0.000

Means -0.135 -0.180 0.023 0.558 0.000

Information too small comparing with Operational CATS

Figure 6. Example of an item (ARB28178) with insufficient information (A6).
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Correlation of Different Types of Item Deficiencies

Over the past year we have calibrated 200 items per ASVAB test (altogether 2000 items) and have identified
deficient items in the different deficiency categories for different ASVAB tests (Tables 1, 2). We also have
found that very often if an item is unacceptable by one of the 3-PL deficiencies, i. e. the item is unacceptable
for a CAT-ASVAB form, it typically has more than one case of deficiency (as in the case of items WK4B8028
and ARB28181). This property is mirrored in the correlation table (Table 3).

Table 1. Absolute numbers of distribution of deficient items by ASVAB tests

Test Al A2 A3 A4 AS A6 Mean
GS 30 36 15 21 26 17 24
AR 08 11 04 08 10 20 10

WK 06 08 02 02 07 23 08

PC 06 10 10 09 05 09 08
AI 43 53 21 30 32 22 33

SI 47 52 26 52 42 37 42
MK 09 .09 07 13 09 08 09
MC 26 28 15 20 23 20 22
EI 29 34 19 36 24 03 24

AO 03 02 03 02 03 01 02
Mean 20. 24 12 19 18 16 18

Table 2. Relative numbers of distribution of deficient items by ASVAB tests.

Test Al A2 A3 A4 AS A6 Mean%
GS 15 18 07 10 13 09 12

AR 04 05 02 04 05 10 05

WK 03 04 01 01 03 11 04
PC 03 05 05 05 02 05 04
AI 21 27 10 15 16 11 17

SI 23 26 13 26 21 18 21

MK 05 05 03 07 05 04 05
MC 13 14 07 10 11 10 11

EI 15 17 10 18 12 01 12

AO 01 01 01 01 01 00 01

Mean% 10 12 06 10 09 08 09

Table 1 provides, for each test, the absolute number of deficient items in every category for 200 calibrated test
items. Table 2 shows the same distribution in relative numbers (percentage or estimated probabilities).

12 14



Table 3. Matrix showing correlation among different deficiency categories.

Test Al A2 A3 A4 AS A6
Al 1.00 0.99 0.95 0.92 0.99 0.57
A2 0.99 1.00 0.95 0.90 0.97 0.56
A3 0.95 0.95 1.00 0.96 0.94 0.44
A4 0.92 0.90 0.96 1.00 0.93 0.48
AS 0.99 0.97 0.94 0.93 1.00 0.63
A6 0.57 0.56 0.44 0.48 0.63 1.00

From Table 1 and Table 2, we see that items in AI, SI, GS, MC, and EI (the technical subtests) are more
prone to categories Al - AS item deficiencies than the other tests. This is probably because we are measuring
aptitude for which examinees are provided no general education; what they learn they learn on their own, and
many examinees do not learn the material that is tested. The AFQT tests (AR, WK. PC, and MK) are less
prone to these deficiencies because the tested material is part of every high school curriculum, and Test AO is
less prone to those types of item deficiencies because it does not require any special knowledge.

Table 3 shows that categories Al-A5 are rather correlative among themselves, i.e., typically, if an item is
unacceptable in one of the Al-A5 categories, it is unacceptable by another type of deficiency category.
However, the A6 deficiency category - insufficient information is not as krongly correlated with the other
item deficiency categories. We apply this category only for the acceptable 3-PL items or to the items which do
not have deficiencies in A2-A5 (and automatically in Al) categories. On average, we have identified about
170 (of 200) acceptable 3-PL seeded items per test. Moreover, we have found that all types of item
deficiencies for tests AI, SI, and GS are highly correlative, which may be the result of the special nature of
those tests.

Factors with Influence on Item Information Deficiency

Of the different categories of deficiencies, A6 (insufficient information) is the most puzzling for the item
editors. If an item is deficient due to category Al-A5, an experienced editor typically understands what is
wrong with the item and can often correct it and put it back into the item pool for on-line recalibration. But if
the item is deficient due to insufficient information, its ICC curves often look normal, its distractors look
normal, its set of classical data looks normal, and it is not obvious how to make the item more discriminative
(e.g., to make its ICC curve more steep).

It appears to us that the most influential factors on the magnitude of item information are the item distractors
(alternative choices). We have come to the conclusion that there are seven factors which most influence
maximum information of an item or its discriminative parameter a. These factors are listed below.

The first factor is:

J

F; = (plc -pi) pi,
. 1=1

where µj, j=1,...,J is mean of ability of examinees who chose distractor j , is /J mean of ability of

examinees who chose the correct answer, Pi is P-value of distractor j , and J is number of distractors
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(currently three or four). Factor F we are calling "total leverage." A distractor has a big impact on this
factor if its P-value is quite high or its mean is far from the mean of the correct answer.

The second factor is:

F2 = (11K P bst),

where pbs, is the mean of the "best" distractor (distractor with maximal P-value). This factor can be

called "best mean" the farther the mean of the best distractor is from the mean of the correct
answer, the higher the value for the factor.

The third factor is "total leverage with Standard Deviation":

F3 =ECLIK Pd's; *Pp
J =1

where si is estimation of SD for the frequency distribution of ability of those examinees who chose

distractor j instead of correct answer. Value si influences the shape of distractor density shown

on the editorial data page for the item. This factor is very close to the total leverage factor (F1); in
fact, factors Fl and F3 are highly'correlated.

The fourth factor is the "best leverage" factor:

F4 = (fiK P bst) Pbst

This factor is similar to the best mean (F2) factor and correlates with it for some tests.

The fifth factor is "total relative leverage with SD":

=
P K 11;

J=19 p
s . P.

J J

where 6. is the upper bound of latent ability range. 6. = 3.0 for CAT-ASVAB. Usually this

factor is also highly correlative with "total leverage" factor F1.

Distractor biserials (or its negative values) generate the next two factors (F6 and F7) because for an
acceptable item, the biserials of distractors are negative, and we would like to have positive valued
factors:



F6 = ,

j=1

F7 = -BSb$ ,

where BS , BSb are biserials of distractor j or the best distractor correspondingly. Traditionally,

editors prefer to work with distractor biserials, than with distractor IRT values, because there has not
been much research to provide any connection between the IRT values of the distractors and the
quality of the item. For this reason we include these biserial - based factors in the set of our factors.

Finally we have a compound factor to get maximal influence on the Maximum Information of an
item:

7

F8 = I wi Fi,

where w, ?_ 0 weight of original factor F, in the compound factor, and w, =1. We chose

weights to maximize heuristically the correlation between factor F8 and the maximum information of

the correspondent item. This is done by iterative applications of a SAS Canonical Correlation
program.

Table 4 provides the correlations among the different factors and the maximum information of the
item for different tests. As we can see, for most of the tests the highly influential factors are "total
leverage," "best mean," or "total leverage with SD" (factors F1, F2 , F3 correspondingly).

Table 4. Correlation matrix among different factors and item maximum information

Fl F2 F3 F4 F5 F6 F7 F8
GS 0.353 0.451 0.323 0.364 0.291 0.250 0.344 0.550
AR 0.336 0.313 0.312 0.288 0.273 0.095 0.123 0.491
WK 0.278 0.457 0.256 0.230 0.238 0.314 0.315 0.636
PC 0.337 0.509 0.297 0,233 0.252 0.352 0.374 0.642
AI 0.642 0.451 0.592 0.565 0.524 0.047 0.110 0.649
SI 0.567 0.672 0.509 0.614 0.480 0.344 0.417 0.754

MK 0.645 0.322 0.594 0.538 0.540 -0.062 0.044 0.654
MC 0.375 0.272 0.334 0.278 0.302 0.176 0.127 0.422
EI 0.539 0.273 0.524 0.542 0.510 -0.149 -0.001 0.569
AO 0.332 0.603 0.103 0.300 0.028 0.424 0.577 0.735

This is even more obvious in Table 5 which gives the correlation of F8 with maximum information at

least 0.42 and at most 0.75. In Table 5, maximizing weights are given as percentages. As we can
see, factor F1 is the most influential in most tests. Note that the zeroes in Table 5 of optimal weights

can be rather deceiving. For example, factor F3 for test GS has zero weight in the compound factor;
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this is a result of high correlation between factor F, and F3 ("total leverage" and "best leverage") for

this test. In Table 6 we present the inter-correlation among different factors for the GS test. (We have not
included correlation tables for the other tests in order to save space). As we can see, the correlation between
factors Ft and F3 is 0.996 which means that these two factors estimated about the same property of

the item and are highly exchangeable. Particularly, if we put the weight of factor F1 to zero and the weight

of factor F3 to 57%, leaving the other weights without change for the GS test, we will get a correlation

between compound factor F8 and maximum information 0.538 instead of 0.55, which is the same influence on

item information from a practical point of view.

Table 5. Optimal weights for compound factors

Fl F2 F3 F4 F5 F6 Fl F8
GS 57.0% 23.4% 0.0% 9.5% 0.0% 10.2% 0.0% 0.550
AR 53.7% 19.7% 0.0% 0.0% 17.7% 8.9% 0.0% 0.491
WK 62.3% 28.4% 0.0% 0.0% 0.0% 9.2% 0.0% 0.636
PC 66.1% 21.3% 0.0% 0.0% 0.0% 12.6% 0.0% 0.642
AI 90.1% 0.0% 0.0% 2.0% 0.0% 7.8% 0.0% 0.649
SI 22.2% 21.8% 0.0% 43.9% 0.0% 12.1% 0.0% 0.754

MK 89.8% 10.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.654
MC 83.3% 4.4% 0.0% 0.0% 0.0% 12.3% 0.0% 0.422
EI 40.7% 10.0% 0.0% 49.3% 0.0% 0.0% 0.0% 0.569
AO 80.0% 14.4% 0.0% 0.0% 0.0% 5.6% 0.0 %. 0.735

Table 6. Correlation of original factors for test GS

Fl F2 F3 F4 F5 F6 F7
Fl 1.000 0.165 0.996 0.846 0.955 -0.256 -0.066
F2 0.165 1.000 0.145 0.309 0.105 0.534 0.937
F3 0.996 0.145 1.000 0.846 0.960 -0.288 -0.086
F4 0.846 0.309 0.846 1.000 0.849 -0.174 0.209
F5 0.955 0.105 0.960 0.849 1.000 -0.324 -0.109
F6 -0.256 0.534 -0.288 -0.174 -0.324 1.000 0.540
F7 -0.066 0.937 -0.086 0.209 -0.109 0.540 1.000

Conclusion

After our experience with on-line calibration, using a seeded-item design in the CAT-ASVAB, we
have come to the conclusion that item unacceptability for future CAT- ASVAB tests can be
classified into six categories of deficiencies. The first five categories lead to non-parametric Item
Characteristic Curves that can not be fitted well with a 3-PL model, so we placed them in a larger 3-
PL deficiency category. The sixth category - item has insufficient information - is the most difficult
for editors to correct. For this reason we have developed a set of factors, which is easier to measure
and which in most cases influences the maximum information provided by the item.
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Table 5 of Optimal weights shows that for all tests, except SI and EI, the largest positive impact on
the value of item information is the "total leverage" factor. As we see from the formula for this
factor, it can be increased by adding a distractor which has a high P-value, or a distractor which will
be attractive for examinees who have less knowledge of the subject matter. Those examinees will be
in the "lower" ability level for the test, and the mean of ability for those examinees will be far away
from the mean of ability for the examinees who knows the test material and answer the item
correctly. This will increase the difference between the means, which defines the product in the
"leverage" factor, and therefore, due to the presented correlation, will increase the value of item
information.

From Table 6 (and analogous tables for other tests not presented here) we learn that for nearly all
tests factors Ft and F4 are strongly correlated, which means that increased item information can be
reached by changing only the distractor with the, largest P-value - making this distractor more
attractive for the "less able" examinees. In Figure 1, where we have an example of an acceptable and
rather informative item, although the means for distractors B and D are not too far from the mean of
the correct answer option, the P-values of those distractors are rather large (about 20%) which
provide a rather high value for the "total leverage" factor.

It is interesting to note (again from the Table 6 and its analogous tables), that in most tests the "best
biserial" factor F, is very highly correlated with the "best mean" factor F2 . This supports the idea
that "classical" judging of item quality based on distractors biserials can be made with the same
success as judging an item based on its IRT value.
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