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Maintaining Item and Test Security in a CAT Environment:

A Simulation Study

Liane N. Patsula
University of Massachusetts, Amherst
&

Manfred Steffen

Educational Testing Service

As is evident in the measurement literature of the past ten years, the use of computerized
adaptive testing (CAT) by credentialing agencies to measure knowledge and skills in a particular ‘
domain has become increasingly prominent. This can be attributed to the many advantages of
CAT. From an assessment standpoint, computerized adaptive tests are more efficient than
conventional paper-aﬁd-pencil (P&P) tests, typically requiring about half as many items to attain
an equivalent level of precision. This is due to the fact that questions in a computerized adaptive
test are tailored to an individual examinee’s ability level. Ip addition, CAT offers advantages to
test developers of improved test reliability, improved test security and data collection, better
opportunity to control cheating, and cost savings with regard to printing and shipping.
Advantages to test takers include the convenience and flexibility of scheduling an appointment to
test, year-round testing, immediate knowledge of scores, faster score reporting service, and
potentially shorter tests (Wainer, Dorans, Flaugher, Green, Mislevy, Steinberg, & Thissen, 1990).

However, despite the many stated advantages of CAT, there are also some challenges to

be confronted in implementing CAT. These include such practical issues as selecting the first
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item, choosing the stopping rule, scoring adaptive tests, administering items belonging to sets,
controlling item exposure and overlap, providing item review to candidates, dealing with item
omissions, allowing for incomplete tests, developing CAT pools, maintaining CAT pools, and
complying with disclosure requirements (Mills & Stocking, 1995). One such challenge that is
the focus of this study is the maintenance of item and test security while allowing for daily
testing. The major challenge facing large-scale CAT programs that test daily is to redefine item
and test security with regard to the access of items to examinees.

It is important to emphasize that CAT does not necessarily present the new security
challenge, but rather it is the daily access to testing. One could potentially conceive of thousands
of students gathering in a gymnasium, one Saturday mqrning, each provided with his or her own
computer to take a CAT. There would only need to be one modest sized item pool, perhaps not
very much larger than the length of the P&P version of the exam. This. would avoid many-of t1he
CAT security issues. The real challenge to CAT test security is the daily access to testing or
what some call continuous testing.

Test security issues are not unique to CAT. To lead one to believe that the concern over
test security is new with the advent of CAT is misleading. P&P testing programs have and have
always had security concerns. Indeed, the driving force for parallel forms is to address security
coﬁcems. To insure fairness to examinees by insuring that test forms are equivalent, P&P testing
programs need to equate test forms as new forms are introduced at each administration. In
addition, there are security concerns over pretest items. Including pretest items in a test causes
. these items to be exposed or known to candidates, and possibly to coaching schools and future
candidates. An item need only be exposed to one person for its security to be sacriﬁced.. The

concern over pretest items also‘ carries over to CAT. (As an aside, Sheehan and Mislevy (1994)
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and Billeaud and Steffen (1996) have been examining ways to avoid the need for pretesting items
by calibrating item with little or not data using collateral information.) Security issues are not
unique to CAT.

There are three main concerns relating to test security whether within a CAT or P&P
environment — repeaters, cheaters, and coaching schools. The first concefn is that of repeaters,
those students who choose to take the test more than once. If the same items appear on multiple
tests, repeaters have an advantage of foreknowledge of items. A second concern involves
cheaters. In a P&P environment, this refers to those who copy answers from neighboring
examinees. Ina CAT environment, while it is harder to copy from a neighbor since each
examinee would most likely be seeing a different test and examinees are seated in separate
cubicles, candidates can share the items they saw with a candidate scheduled to take the test in
the future. In either the P&P or CAT environment, examinees from one time zone could
communicate via the internet, fax, or phone sharing the items that appeared on their test.
However, this would be more prevalent with P&P programs that use only a single form. Again,
this would give the second candidate the advantage of foreknowledge of items. The last concern
and perhaps the largest concern involves coaching schools. In cases where coaching schools
have examinees report to them the items fhey were administered, these items can then be shared
with future candidates and the validity of t_ﬁe test has beeh compromised. Any sharing of items is
éheating, as each candidate signs an agreement stating they will not disclose any items. Still, the
practice is known to go on. |

Historically, large scale P&P testing programs have maintained test security by closely
guarding access to test items by régularly introducing new forms and judiciously reusing old

forms over relatively large intervals of time at small numbers of annual administrations. The
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reuse of these forms was done in such a way that even if a potential examinee had foreknowledge
of a specific form; it is unlikely that the examinee would be administered the exact form at the
test session. The size of the problem was assumed to be quite small.

Now, with the daily access to item pools necessary to support large volume CAT testing,
this type of controlled access is no longer possible. Because only a finite number of precalibrated
test'items are.available to be administered daily; a program must reuse items and must do so in a
judicious manner to maintain test sécurity.

One CAT analog to the P&P procedure of reusing items might be to prepare a large
number of CAT pools and rotate them in a random fashion. However, two factors need.to be
considered. First, CAT pools tend to be much larger than traditional 'test forms, typically the
equivalent of 8-12 test forms. To attempt tb parallel traditional security measures results in a
demand for new items so great that it far exceeds the financial resources of even large programs.
Thus, with a limited item supply, the number of unique pools is restricted. Second, an artifact of
CAT pools is that examinees of comparable ability tend to be administered many of the same
items. Since CATs are shorter than their P&P counterparts, this similarity can become a serious
threat to test security. With daily as opposed to quarterly testing, opportunities to recognize the
similarity of tests increases and correspondingly the probability of foreknowledge increases of
particular items.

An alternative to continually creating new pools containing an independent set of items,
would be to consider each CAT pool as a sample of items from a larger collection (subsequently
referred to as a VAT) rather than as a permanent collection of items. By sampling items with
replacement, a theoretically infinite number of overlapping CAT pools might be created. In

addition, a set of item reuse rules intended to minimize the benefit that might be expected from
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foreknowledge of a portion of the VAT could be instituted. One example of an item reuse rule
may be not to include any item in a pool that has been seen by more than 200 people in the last
two months.

The purpose of this research was to investigate the viability of creating overlapping CAT
- pools from a static VAT by sampling items with replacement. Several item reuse coﬁditions
were explored; mainly item overlap and item exposure rates. Item overlap rates refer to the
number of pools in which an item appears. Item exposure rate refers to the number of examinees
who have seen a particulér item. An item is usually retired (i.e., removed from future use) after it
has been seen by a certain number of examinees over some specified period of time.

To increase tﬁe generalizability of the results of this study to different size testing
programs, different annual test taking volumes were studied. In addition, it was hypothesized
that testing programs with different volumes would not require as many pools per year.
Therefore, the number of pools created per year was also manipulated. The primary research
question was: For a fixed-size VAT, if items in a CAT pool are retired under ‘X’ conditions and
pools are seen by ‘N’ examinees, how many times can the pool creation process be repeated
before the selected pool will fail to support the delivery of CATs meeting certain delivery time
constraints (e.g., one qul per week)?

Method

This section is divided info four parts: description of data, test conditions, siﬁmlation

procedure, and data analysis.

Description of Data

This section describes the simulations that were used to prepare the data for use in this

study.
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The VAT of items used in this study consisted of approximately 5,000 precalibrated
Verbal multiple-choice items. These items included both discrete items and items belonging to
sets, as well as stimuli. To use these items to study item exposure rates, it was necessary to
estimate predicted usage rates for each item. This was accomplished by creating ten pools,
consisting of approximately 450 items each, from this collection of 5,000 items. Simulations
were performed in order to configure each of these ten item collections into CAT pools and to
estimate the proportion of examinees at each of 13 ability levels that were expected to see each
item. These proportions are referred to as conditional (on ability) probabilities of administration.

As not every item in the VAT appeared in at least one of the ten pools, some iten;ls did
not have probabilities of administration (PRB’s) associated with them. Thus, it was necessary to
assign conditional probabilities of administration to these items in some way. The method used
to assign PRB’s to stimuli was different than that used to assign PRBs to discrete items. Each
method is presented separately.

Discrete Items. To assign a PRB vector to/ every discrete item in the VAT, one
simplifying assumption was made. It was assumed that the interaction of the major content area
and the difficulty parameter of the item adequately captured the PRB vector. This assumption
allowed us to associate the PRB vector of a discrete item with a certain content area and
difficulty level to another discrete item with the same content area and difficulty level.

To associate a PRB vector to every discrete item in the VAT, all of the items from the ten
pools were sorted by content area and difficulty level. The items were placed into levels of
difficulty ranging from -3.0 to 3.0 in increments of 0.5. This resulted in five content areas aﬁd 13
difficulty levels and therefore 65 (5x13) content by difficulty combinations. Where there were

less than ten items of one combination, two or more difficulty levels were aggregated. The result
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was 44 different content by difficulty combinations. An analysis of these PRB vectors indicated

our assumption was plausible, that there was significant similarity in the vectors for the items

with similar combinations of content classifications and difficulty parameters. Thus, it was

possible to assign a PRB‘ to each discrete item in the VAT that did not appear in one of the ten
-pools.

Stimuli. For the CAT algorithm under study, stimuli are not directly selected. With few
exceptio}ls, it turns out that w1thm every set, there are items that mirror the overall selection
characteristics of the stimulus. This fact was used to predict PRB’s for stimuli. To assign PRB’s
to stimuli in the VAT, several variables — item in set with maximum information, item in set with
largest a estimate, and item in set with smallest ¢ estimate — were analyzed to determine which
item’s PRB vector best predicted the PRB vector of the stimulus. This varied for the different
ability levels and content areas. In all cases, depending on what variable accounted for the most
variance, either the PRB vector associated with the item in the set that had the maximum
information or the item in the set with the largest a estimate was assigned to each stimulus in the
VAT. In the remainder of the study, only discrete items and stimuli were included in the VAT.

In summary, the VAT consisted of 2,978 elements with each discrete item and stimuli
have a PRB vector associated with it. The probabilities associated with discrete items depended
upon the content area and level of difficulty. The probabilities associated with stimuli depended
upon the content area and the item in the set that had the maximum information or the item in the
set with the largest a estimate was assigned to each stimulus in the VAT.

Test Conditions

The remainder of the study involved simulating 15 different test conditions for each item

reuse rule set (see Table 1). The item reuse rules are described below.
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Table 1

Summary of 15 Test Conditions

] i
Test Condition Annual Test-Taker Number of Pools
Volume Created per Year
1 20,000 6
2 50,000 6
3 100,000 6
4 20,000 12
5 50,000 12
6 100,000 12
7 20,000 18
8 50,000 18
9 100,000 . 18
10 20,000 24
11 50,000 24
12 100,000 24
13 20,000 30
14 50,000 30
15 100,000 30

Each test éondition was defined by some combination of two factors: (1) number of pools to be
created per year and (2) annual test taking volume. The number of pools to be created per year
was chosen to be 6, 12, 18, 24, or 30. 'I;he lower number of pools to be created of 6 was chosen,
as it seemed to ;be the bare minimum number of pools to be used to keep item exposure rates to a
minimum. The upper number of 30 pools to be created per year was.chosen to reflect what is
thought might be reasonable in practice. Second, three total test taker volumes were used:

N=20,000, 50,000, and 100,000. The lowest sample size of 20,000 was chosen to reflect the test

ERIC 0
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take; volume of smaller testing programs and the upper sample size of 100,000 was chosen to
reflect the test taker volume of largér testing programs.

Simulation Procedure

The simulation phase consisted of creating item pbols from the VAT. This involved three
steps.

Step 1. Before being passed to the pool creation process, items were evaluated with
respect to each of four reuse rules. Failure to meet any one of these rules precluded the item
from being reused (i.e., included in the present pool). There was one item overlap rule and three
item exposure rules. First, concerning item overlap, an item could not be included in the present

“pool if it appeared in the last pool created. For example, during the development of Pool 9, no
item from Pool 8 was considered. The purposé of this rule was to minimize the effect of
candidates who have taken the test sharing with candidates planning on. taking the test.
Concerning item exposure rates, an item could not be used in the current pool if:

i) the total number of examinees who have seen the item since its introduction exceeded

10,000; or

ii) the number of examinees who have seen the item in the past four months exceeded 1,000;
or
iii) the number of examinees who have seen the item in the past two months exceeded 100,

200, 300, 400, or 500.

These numbers were chosen arbitrarily. Initially, the first two rules were to be
manipulated by increasing the numbers from 10,000 to 25,000 and 50,000; and from 1,000 to
2,000 and 3000. However, based on some preliminary analyses, very few items were seen by

more than 5,000 people and so increasing this number was not warranted. After 10,000 or more
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people saw an item, it was retired. This is to say that the item could no longer be included in
another pool and so it was removed from the VAT.

In addition, some preliminary analyses revealed that for small volumes of test-takers,
nothing was caught by the four-month rule. However, it did come into play somewhat for larger
volumes. Nevertheless, this rule was not manipulated.

Only the two-month rule was manipulated. To minimize the effect of sharing among
candidates, an item was not included in the subsequent two month pools if it had been seen by
more than 100 people. This rule was relaxed to allow up to 200, 300, 400, or 500 people to see
an item in the past two months to examine the impact of this rule on the quality of subsequent
pools.

Step 2. Pools were created with respect to content specifications, the overlap rule, item
exposure rules, and the total pool information function. Each of these constraints had a weight
associated with it to reflect its importance. In this way, test specialists can quantitatively
prioritize the constraints. Weights varied from 5 being relatively unimportant to 60 being very

' important. A summary report of rule violations and overall index of the degree to which the pool
met specifications was produced. This overall index was a total weighted deviation and was used
as an overall index of pool quality in subsequent analyses.

Step 3. The last step involved updating the cumulative pool history record. It is at this
stage that annual test taking volume was manipulated. For each item included in the current
pool, the number of examinees expected to see the item was computed. Computation of the
expected volume for each item required three pieces of information:

. i) the PRB vector,

=t
oo
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ii) a vector of weights (WTS) associated with each PRB. This vector represents the
proportion of a specified examinee population that is expected to appear at each of the
13 ability levels. A normal distribution of ability was modeled.

iii) the number of examinees to whom pool P will be administered (VOLp).
Manipulation of this number allowed us to-model annual test taking volume (20,000,
50,000, and 100,000).

In summary, the volume for discrete item or stimulus J was computed as:

VOLUME, =VOL, * > (PRB, *WTS,).
1

This simulatioh cycle was repeated 6, 12, 18, 24, and 30 times to model the number of
pools to be created per year.
Data Analysis

The data were analyzed according to the effects of the number of pools created per year
and the annual test-taking volume on the quality of pools and retirement of items. First, the
quality of the resultant pools in terms of their total weighted deviations was examined. As
described earlier, the total weighted deviation is an index of the amount of deviation there is in
the pool from the set of constraints placed upon the pool. Since it is not always possible to
satisfy all constraints simultaneously, each constraint is weighed to reflect the importance of fhe
constraint. Any deviation from the constraint is reflected in the total weighted deviation. As an
example, one constraint may be that the pool should consist of at least 50 but no more than 55
antonym items. This constraint might have a weight of 60 associated with it. In some instances,
perhaps due to niany antonym items included in the previous pool, there may onlly be 48 antonym
items available for inclusion in the present pool. In this case, the deviation would be two and the

weighted deviation would be 120 (2x60). The concern was not the absolute magnitude of the

13
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total weighted deviation but the relative value across pools created within a year (6, 12, 18, 24, or
30 pools per year).

This total weighted deviation'for each pool was plotted. An ideal situation would be to
have minimal total weighted deviations across all pools. The first irregularity of the plotted
values indicated that the number of “optimal” pools had been selected. The purpose of the
simulation cycle was to find ihe threshold where the violations produced an unacceptable pool.

In this context, unacceptable means that it was unlikely that a CAT design could be created that
would allow this collection of items to produce acceptable CATs. That is, at some point_, the
selected pools may not adequately meet all of the constraints.

Second, the rate at which items are predicted to be retired from use (due to more than
10,000 people being administered an item) was examined. As items are reused over a number of '
pools.

R;:sults

The results are summarized according to the effects of the number of pools created per

year and the annual test-taking volume on the quality of pools and retirement of items.

Quality of Pools. Recall that only the two-month rule was manipulated. Figures 1to 5

correspond to the total weighted deviations of pools created in a year using the two-month rule of
not including an item in a pool if more than 100, 200, 300, 400, and 500 people saw the item
within the last two months, respectively.

Upon inspection of Figure 1, it is apparent that in general, with annual test-taking
" volume held constant (looking down columns), as the number of pools created per year
increased, on average, the quality of the pools decreased as is evident by larger total weighted

deviations. In general, with number of pools created per year held constant (looking across
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rows), pool quality also decreased as test-taker volume increased from 5 0,000 to 100,000 with
the exception of creating six pools per year. However, the same does not hold true for all
conditions when going from 20,000 to 50,000 test-takers per year. Except for the “spike” that
occurs around three months, it appears as though there are better quality pools with 20,000 than
50,000 test-takers per year when creating 24 or 30 pools per year. Also evident in F igure 1 is that
when more than six pools were created per year, pools #6, 7, or 8 had a large total weighted
deviation.

In changing the two-month rule from not including an item in a pool if more than 100
people saw the item in the last two months to 200 people, the same results hold. One marked
difference between Figures 1 and 2 is Condition 13 (30 pools created per year and 20,000 test- _
takers). The diminishing pattern of the quality of pools is more evident in F igure 2 Condition 3.
In addition, the “spikes” are not as high for all conditions in F igure 2 as compared to those in
Figure 1.

Figures 3-5 show the same patterns as Figures 1 and 2 with the exception of the
conditions with a test-taker volume of 20,000 people per year. In these cases, test quality appears
to be as good or better with 100 versus 300, 400, or 500 people two-month rule. In addition, as
the two-month rule shifts from 200 to 500 people, the spikes begin to flatten.

Overall, as the two-month rule is changed from 100 to 500 people, the quality of the
pools seemed to increase with the exception of the lowest test-taking volume of 20,000 where

quality diminished.

Retirement of Items. Recall that an item was retired if more than 100,000 people saw the

item since its inception. Tables 2 to 6 correspond to Figures 1 to 5. These tables provide the
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percent of the total number of items seen by different numbers of people and the total number of
items seen at the end of the year for different test-taking volumes.

Regardless of the two-month rule, as the number of pools creatéd per year increased, the
total number of items used increased for all annual test-taking volumes (see Tables 2-6). As
well, as the annual test-taking volume increased, the total number of items .seen by people within
a year also increased. This was true regardless of the number of pools created per year or the
two-month rule (see Tables 2-6). In addition, as the annual test-taking volume increased, there
was an increase in the percentage of total items seen by a larger number of people. For example,
in Table 6, with six pools created per year, only 4.9% as opposed to 71.4% of the items were
seen by between 2,500-4,999 people with annual test-taking \-Iolumes of 20,000 and 100,000,
respectively.

In general, as both the number of pools created per year and the annual test-taking volume
increased, there was an increase in the total number of items exposed within the year. Interesting
to note is that only in Condition 3 did items need to be retired — six pools created per year with an
annual test-taking volume of 100,000. Note however, that this was only 0.7% of the total
number of items used in a year.

Discussion

The obtained results are relatively consistent with expectations. First, as the number of
pools increases, the quality of pools decreases. This is likely due to the fact that limits were
imposed on the proportion of elements from each pool that could be used in any given future
pool. Second, as the number of pools increases, the proportion of items reaching (or even
nearing) the retirement threshold decreases. Third, as volumes increase, pool quality again .

decreases. This results from the increase in the number of elements that are frozen from use by

l;::a‘t.)
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the two-month, four-month, and total volume thresholds. Additionally, since higher information
items tend to be selected more frequently, subsequent pools will tend to be created from an
available item collection with lower average information.

The spikes that occur are likely the result of demands on the VAT, with respect to
content, that are incongruent with the content composition of the VAT. More specifically, they
are due to the complex interaction of item difficulty and item information with item content.
Since we did not balance the psychometric characteristics across content strata, th_e occurrence of
these spikes was inevitable. The only question was when they would appear and the periodicity
of the occurrence. It should be kept in mind that these spikes resulted from a static VAT. That is
a fixed collection of élements was manipulated throughout. Thus, if the VAT were
supplemented at the point where the spikes are predicted to occur, their appearance could be
averted. Furthermore, the consistency of pool quality between spikes indicates that several
moderate infusions of elements may suffice to maintain pool quality. That is, it is not necessary
to augment the VAT before each pool is developed.

Tables 2-6 clearly indicate that the ability to control the use of items is dependent on the
number of pools developed. The more pools created, the higher the potential for control.
Conversely, as the number of pools developed is decreased, the larger the number of examinees
that interact with each pool and the less control is available for managing exposure of individual
items. This relates directly to the balancing act of item security. If the goal is to minimize the
exposure of each item in small windows of time and reuse items over large windows of time, this
is best accomplished by creating many pools per year. However, if the goal is to obtain maximal
exposure in short windows of time and then retire items, this is best achieved by creating fewer

pools per year.
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'faken together, these results seem to show some promise for the viability of managing
item security. By manipulating the number of pools developed per year, and manipulating the
reuse of items across pools and time, the rate exposure of items can be explicitly manipulated.

Summary

Concerns over test security are always present in large-scale testing programs because
breaches in test security impact on validity. But, in a CAT environment, there many need to be a
balancing of test security and test quality. As seen in this study, increasing test quality often
comes with a decrease in test security. There are always trade-offs to be made.

The concept of using a VAT is only one way to address item and test security concerns.

It is not necessarily the best way, but it does offer certain advantages such as controlling item
exposure rates by imposiné item reuse and item overlap rules. Another distinct advantage of
maintaining item test security using a VAT is that it is a preventative approach to minimiziﬁg the
benefit that might be expected from foreknowledge of items by certain examinees. Other
methods, such as person-fit indices (Davis & Lewis, 1996), are more post-hoc approaches to
addressing test security. Person-fit indices allow one to detect “cheaters” after the administration
of the test. Cheaters may be detected by uncovering the fact that they copied their answers from
the people beside them or théy may be detected by unaccountable gains when they repeat the test.
Another alternative includes two-stage testing.

The results obtained in this study give evidenc;a to support the use of a VAT system as
one way of drawing a compromise between test quality and test security. However, this study of
examining a VAT sys;tem .was by no means exhaustive. For example, this study could be

expanded by examining the effects of different ability distributions of candidates and different

frems
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time windows on the quality of pools. In addition, one could determine what portion of the
VAT becomes deficient (e.g., certain content areas or level of difficulty of items).

While the generalizability of the specific results obtained from study may be limited, the
possibility of the use of the sampling with replacement model seems to be a promising alternative
to traditional vault-like security procedures.
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Table 2

Percent of Total Number of Items Seen by Different Numbers of People and the Total Number of Items

Seen at the End of the Year for Different Test-Taking Volumes Using the 100 Two-Month Rule

No.of | Annual Number of People
Pools |Test-Taker
/Year | Volume 0-99 100-499 500-999 {1,000-2,4992,500-4,999(5,000-9,999] 10,000+ Total.
20,000
6 50,000 0.8 1.8 15.0 43.1 385 0.9 0.0/ 1082
100,000 0.8 1.1 1.5 10.1 71.1 14.6 0.7) 1105
20,000 0.5 6.0 91.1 24 0.0 0.0 00 1719
12 50,000 0.5 1.3 48.1 385 11.6f - 0.0 0.0 1894
100,000 0.5 1.2 10.5 41.2 44.0 2.8 0.0| 1903
20,000 0.5 8.5 86.5 4.5 0.0 0.0 0.0 1925
18 50,000 0.4 1.6 57.0 312 9.9 0.0 0.0 2040
100,000 04 1.3 11.6 45.8 36.5 43 0.0 2056
20,000 0.5 18.4 77.5] . 3.6 0.0 0.0 0.0 2105
24 50,000] . 04 23 614 304 5.5 0.0 0.0 2310
100,000 04 1.2 22.5 40.2 34.6 1.1 0.0] 2347
20,000 0.5 24.8 69.4 53 0.0 0.0 0.0 2246
30 50,000 04 2.9 62.4 31.8 2.5 0.0 0.0} 2554
100,000 04 1.2 31.3 334 336 0.2 0.0 2954

Table 3
Percent of Total Number of Items Seen by Different Numbers of People and the Total Number of Items
Seen at the End of the Year for Different Test-Taking Volumes Usin the 200 Two-Month Rule

No.of | Annual Number of People
Pools |Test-Taker
/Year | Volume 0-99 100-499 500-999 [1,000-2,499|2,500-4,999(5,000-9,999| 10,000+ Total
20,000 0.9 3.4 75.4 18.8 1.6 0.0 0.0 1033
6 50,000 0.8 1.8 14.4 43.4 58.7 0.9 0.0 1075
100,000 - 0.8 1.1 1.5 10.1 71.3 14.6 0.7 1104
20,000 0.7 9.5 81.7 8.1 0.0 0.0 0.0[ 1486
12 50,000 0.5 1.5 45.7 40.1 12.2 0.0 0.0/ 1824
100,000 0.5 1.2 10.4 41.1 44.0 2.8 0.0| 1894
20,000 0.5 14.2 75.7 8.9 0.8 0.0 0.0] 1863
18 50,000 0.5 23 529 34.2 10.2 0.0 0.0 1956
100,000 04 1.2 11.6 45.8 36.6 44 0.0{ 2044
20,000 04 26.1 67.3 5.5 0.7 0.0 0.0 2203
24 50,000 0.5 3.2 54.6 35.8 5.9 0.0 0.0/ 2183
100,000 0.4 1.4 20.8 41.3 35.0 1.1 0.0 2310
20,000 04 329 61.8 3.7 1.1 0.0 0.0[ 2465
30 50,000 0.4 3.5 59.0 30.5 6.6 0.0 0.0 2303
100,000| 04 1.3 30.2 33.3 34.5 0.2 0.0 2550
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Table 4
Percent of Total Number of Items Seen by Different Numbers of People and the Total Number of Items

Seen at the End of the Year for Different Test-Taking Volumes Using the 300 Two-Month Rule

No. of | Annual Number of People
Pools |Test-Taker
/Year | Volume 0-99 100-499 500-999 |1,000-2,499(2,500-4,999(5,000-9,999 10,000+ Total
20,000 0.9 4.1 72.0 21.3 1.6 0.0 0.0} 998
6 50,000 0.8 1.8 13.6 43.9 38.9 0.9 0.0] 1070
100,000 0.8 1.1 1.5 10.2 71:1 14.6 0.71 1102
20,000 0.6 12.8 72.0 14.0 0.6 0.0 0.0] 1435
12 50,000 0.5 1.5 42.4 425 13.1 0.0 0.0] 1766
100,000 0.5 12 8.6 422 44.7 2.8 0.0 1868
20,000 04 15.1 77.2 5.1 2.2 0.0 0.0] 2031
18 50,000 0.5 2.5 474 386 11.0 0.0 0.0} 1852
100,000 0.5 1.4 9.9 46.2 37.6 4.5 0.0f 1998
20,000 04 25.9 69.6 2.4 1.7 0.0 0.0y 2331
24 50,000 0.5 3.7 57.5 29.1 9.3 0.0 0.0] 2092
100,000 0.4 1.5 20.1 39.8 37.0f 1.2 0.0] 2268
20,000 0.4 31.7 64.3 2.0 1.6 0.0 0.0| 2535
30 50,000 04 39 60.0 26.1 94 0.2 0.0] 2253
100,000 0.4 1.6 29.9 31.8 36.0 0.2 0.0] 2498

Table 5
Percent of Total Number of Items Seen by Different Numbers of People and the Total Number of Items

Seen at the End of the Year for Different Test-Taking Volumes Using the 400 Two-Month Rule
f“&i

No.of | Annual Number of People
Pools |Test-Taker

/Year | Volume 0-99 100-499 500-999 |1,000-2,499(2,500-4,9995,000-9,999| 10,000+ Total
20,000 1.0 42 67.7 234 3.7 0.0 0.0 968
6 50,000 0.9 1.5 11.9 45.1 39.7 0.9 0.0 1060
: 100,000 0.8 1.1 1.3 9.7 714 14.7 0.7 1097
20,000 0.6 13.1 72.5 12.6 1.2 0.0 0.0] 1539
12 50,000 0.6 1.7 353 48.3 14.1 0.0 0.0 1670
100,000 0.5] 1.4 5.6 43.5 46.1 29 0.0{ 1826
20,000 04 15.3 78.0 4.1 22 0.0 0.0] 2048
18 50,000 0.5 26 475 38.2 10.9 04 0.0{ 1806
100,000 0.5 1.5 9.0 44.5 40.0 4.5 0.0 1960
20,000 04 26.7 68.9 24 1.6 0.0 0.0 2363
24 50,000 04 3.6 554 31.6 8.6 03 0.0[ 2062
100,000 0.5 1.5 19.7 37.1 40.1 1.2 00| 2195
20,000 04 345 61.9 1.8 1.4 0.0 : 0.0 2672
30 50,000 04 33 65.7 223 7.7 0.6 0.0 2378
100,000 04 20 254 35.6 34.1 25 0.0 2319
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Table 6
Percent of Total Number of Items Seen by Different Numbers of People and the Total Number of Items

Seen at the End of the Year for Different Test-Taking Volumes Using the 500 Two-Month Rule
N

No. of | Annual Number of People
Pools {Test-Taker
/Year | Volume 0-99 100-499 500-999 1,000-2,499(2,500-4,999|5,000-9,999| 10,000+ Total
20,000 09 42 71.0 19.1 4.9 0.0 0.0 1005
6 50,000 0.9 1.5 10.3 46.5 39.9 1.0 0.0 1037
100,000 0.8 1.1 09| 104 71.4 14.7 0.7 1097
20,000 0.5 13.6 77.1 6.7 2.1 0.0 0.0 1710
12 50,000 0.7 2.0 37.1 40.3 19.4 0.5 0.0] 1508
100,000 0.6 1.5 6.0 41.0 40.2 10.7 0.0 1638
20,000 04 15.5 78.8 29 24 0.0 0.0 2121
18 50,000 0.5 25 49.1 353 11.7 0.8 0.0| 1811
100,000 0.5 1.4 7.2 45.8 40.5 4.6 0.0 1929
20,000 04 26.4 69.6 1.9 1.7 0.0 0.0 2385
24 50,000 04 3.6 39.7 29.1 6.6 0.7 0.0] 2167
100,000 0.5 1.7 16.9 41.7 35.6 3.6 0.0 2104
20,000 04 386 584 1.6 1.1 0.0 0.0f 2764
30 50,000 04 3.6 68.1 222 4.6 1.1 0.0]" 2487
100,000 0.5 2.0 23.1 375 31.2 5.8 0.0 2240

y
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