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(57) ABSTRACT

An automated method of assembling computerized adaptive
test (CAT) pools of test items 1s provided. A plurality of item
bins 1s created. Each item bin 1s associated with a diflerent
content domain, and each item bin includes only items
associated with 1ts respective content domain. The i1tems 1n
cach item bin are grouped 1nto a plurality of individual cells,
wherein each 1tem 1s placed in only one of the individual
cells, and each cell includes a plurality of items which span
a range ol difliculty levels. The grouping 1s performed by
linear programming at the individual cell level. One or more
pools of 1tems are assembled from a random selection of
cells across the 1tem bins, wherein there 1s only one cell for
cach item bin. The CAT 1s administered by randomly assign-
ing each test taker to one of the pools of items.
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Figure 1 (Prior art)

Conventional Pool Structure & Assembly Approach
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Figure 3 -

Honeycomb Structure and Procedure #2
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Figure 5: Mixed Integer Programming {MIP) models developed and used within [BM's CPLEX
Optimization platform for Honeycomb-based pool assembly.
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HONEYCOMB STRUCTURE FOR
AUTOMATED POOL ASSEMBLY OF TEST
QUESTIONS FOR TEST ADMINISTRATION

COPYRIGHT NOTICE AND AUTHORIZATION

[0001] Portions of the documentation 1n this patent docu-
ment contain material that 1s subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure as it appears in the Patent and Trademark Oflice
file or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND OF THE INVENTION

[0002] A standardized test 1s a test that 1s administered and
scored 1n a consistent, or “standard,” manner. As discussed
in U.S. Pat. No. 6,234,806 (Trenholm et al.) and U.S. Pat.
No. 9,847,039 (Guo et al.), both of which are incorporated
by reference herein, standardized tests are administered to
examinees (also, referred to herein as “test-takers,” “respon-
dents,” or “users”) for educational testing and evaluating
particular skills. Academic skills tests include the SAT,

LLSAT and GMAT® exams.

[0003] As known in the art, test questions are often
referred to as “1tems.” A test question or “item”™ may require
only a single response or answer, or it may have multiple
subparts that each require a separate answer. Standardized
tests are assembled from a “pool of items,” also referred to
as an “item pool.” An item pool may include a plurality of
distinct “content areas,” also referred to as ‘“‘content
domains.” Content domains are groupings ol competencies
that reflect major domains of subject area knowledge for the
test. For example, content domains for a test 1n the field of
social science may include the following five content
domains: historiography and world history, U.S. history,
geography and culture, government, and economics. A test
may include different percentages of items from each con-
tent domain, or the test may include an equal weighting of
different content domains. An “item bin” contains all 1tems
that relate the same content domain (content area).

[0004] FIG. 1 illustrates the current pool structure and
assembly approach to creating a test, as practiced by ACT,
Inc. which administers the ACT test. FIG. 1 shows a sample
verbal pool and a sample quant (quantitative) pool. The
sample verbal pool may have 1000 discrete operational (OP)
items which define 160 sets of OP items, including 12-60
discrete pretest (PR) 1tems and 12-84 sets of PR 1tems. The
sample verbal pool includes 26 item bins which are broken
down by content area, or by item types (e.g., reading
comprehension (RC), critical reasoning (CR), and sentence
correction (SC)). Items are selected based on various con-
straints such as pool overlap, Item Response Theory (IRT)
parameters, test information, and conditional standard error
of estimation (SEE). The quant pool may have 1000 OP
items, and 12-72 PR items. The quant pool includes 23 1item
bins which are broken down by algebra, arithmetic, and
geography, or by problem solving item types (PS) and data
sufliciency 1tem types (DS), or by content area. Items are
selected based on various constraints such as pure vs. real,
pool overlap, IRT parameters, test information, and condi-
tional SEE. For both the verbal and quant pool, post hoc
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analysis 1s performed for test overlap, Conditional Standard
Errors of Measurement (CSEM), Reliability, and Enemy
Item Identification.

[0005] The conventional pool assembly may be charac-
terized as having the following approaches and properties,
listed below 1n table format to show the respective
approaches and properties, and their respective disadvan-
tage:

TABLE 1

Conventional pool assembly

approaches and properties Disadvantages

very time-consuming

1. each 1teration for building a whole pool
i1. no item-level change allowed

1. could be greedy

i1. could be less than optimal

111. no guaranteed sustainability, even

for a few months
inflexible PR scheduling

[terative random sampling
Top Down/Holistic
Approach

Sequential Assembly

(one pool at a time)

OP and PR are inseparable
in test publication

SUMMARY OF THE INVENTION

[0006] The present invention provides a completely dii-
terent methodology for pool assembly for assembling com-
puterized adaptive test (CAT) pools of test items. An over-
view of selected differences between conventional approach
to pool assembly compared to the approach used in the
present invention 1s summarized in the following table:

TABLE 2

Pool assembly in accordance with present
invention, and associated advantages over
conventional pool assembly

Linear programming-based optimization

Conventional pool
assembly

[terative random

sampling Faster and more optimal
Top Down/Holistic Bottom-up/Cellular level construction
Approach 1. more flexibility under uneven

availability of items across Item
Collections

i1. Cell-level swap/change allowed
Concurrent Assembly

1. No over- or under-shooting to meet
targets

i1. Minimal maintenance of pool once
Honeycomb cells are built

OP vs. PR Pool Modulization
Separation of PR pools from OP pools
Multiple Pools may be online
simultaneously

More random factors; more robust
security

Sequential Assembly
(one pool at a time)

OP and PR are inseparable
in test publication

[0007] As discussed in more detail below, the linear pro-
gramming-based optimization 1n combination with the bot-
tom-up/cellular level construction drastically improves pool
assembly speed. As also discussed 1in more detail below, the
present invention provides a significant improvement to the
technical field of assembling computerized adaptive test
(CAT) pools of test items. As 1s well-known 1n the art, CAT
1s a form of test delivery 1in which the items presented to test
takers are selected i1tem-by-item by a computer algorithm
during delivery of the test, with the goal of adapting the test
dynamically to the ability level of each candidate, subject to
various additional constraints. CAT algorithms take into
consideration factors such as the test taker’s responses to
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previous items, the item response functions of items 1n the
Item Pool, and running estimates of the candidate’s ability
relative to the items.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The patent or application file contains at least one
drawing executed 1n color. Copies of this patent or patent
application publication with color drawings will be provided
by the Oflice upon request and payment of the necessary fee.

[0009] The foregoing summary as well as the following
detailed description of preferred embodiments of the inven-
tion, will be better understood when read 1n conjunction with
the appended drawings. For the purpose of illustrating the
invention, the drawings show presently preferred embodi-
ments. However, the invention i1s not limited to the precise
arrangements and instrumentalities shown. In the drawings:

[0010] FIG. 1 illustrates a conventional (prior art) pool
structure and assembly approach to creating a test.

[0011] FIGS. 2 and 3 illustrate the honeycomb structure
and assembly approach to creating a test in accordance with
preferred embodiments of the present invention.

[0012] FIGS. 4 and 5 graphically illustrate how the hon-

eycomb structure and assembly approach provides an
improvement to the technical field of assembling comput-
erized adaptive test (CAT) pools of test items.

[0013] FIG. 6 shows system hardware/software architec-
ture for implementing one preferred embodiment of the
present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

[0014] Certain terminology 1s used herein for convenience
only and 1s not to be taken as a limitation on the present
invention.

[0015] The words “a” and “an”, as used 1n the claims and
in the corresponding portions of the specification, mean “at
least one.”

[0016] This patent application includes an Appendix hav-
ing a file named appendix6835052-8US.txt, created on Feb.
23, 2021 and having a size of 6,355 bytes. The Appendix 1s
incorporated by reference into the present patent application.
One preferred embodiment of the present invention 1s imple-
mented via the source code 1n the Appendix. The Appendix
1s subject to the “Copyright Notice and Authorization™ stated
above.

[0017] The Appendix includes software code to imple-

ment a Mixed Integer Programming (MIP) model coded for
the IBM® CPLEX® Optimizer platform, as discussed
below.

I. Overview

[0018] One preferred embodiment of the present invention
provides an automated method of assembling CAT pools of
test items. The method operates as follows:

[0019] 1. A plurality of item bins (content domains) are
created. Each item bin 1s associated with a diflerent content
domain, and each item bin includes only 1tems associated
with 1ts respective content domain. 2. The 1items 1n each 1tem
bin are grouped 1nto a plurality of individual cells. Each item
1s placed 1n only one of the individual cells, and each cell
includes a plurality of items which span a range of difhiculty
levels. The grouping 1s performed by linear programming at
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the individual cell level. At least some of the 1tem bins may
have a diflerent number of 1individual cells.

[0020] 3. One or more pools of items are assembled. Each
pool of items 1s assembled from a random selection of cells
across the item bins, wherein there 1s only one cell from each
item bin. In one embodiment, each cell 1n an assembled test
includes only one item. In another embodiment, each cell 1n
an assembled test includes a plurality of 1items. Tests may be
assembled for a plurality of diflerent time windows (sched-
ules), wherein a pool of i1tems 1s assembled for each test
taker within each time window. In this manner, each time
window has its own pool of items 1s assembled from a
random selection of cells across the item bins.

[0021] 4. The CAT 1s administered by randomly assigning
cach test taker to one of the pools of items.

[0022] As discussed in step 2 above, the grouping is
performed by linear programming at the individual cell
level. By performing the grouping in this manner, as
opposed to prior art processes which perform the grouping
at the pool level, at least a magnitude improvement 1n speed
and efliciency 1s achieved in the test item pool assembly
process.

II. Detailed Disclosure

[0023] FIGS. 2 and 3 1illustrate respective steps 1 and 2 of
the honeycomb structure and assembly approach to creating
a test. FIG. 2 1llustrates the cellular-level construction by
showing a plurality of item bins (content domains), and a
plurality of honeycomb cells for each item bin. Each hon-
eycomb cell includes a plurality of items, such as 20-40
items per cell, ranging in difliculty from easy items to hard
items. In this example, there are 23 item bins, meaning that
this particular test 1s a 23-1tem test. That 1s, one 1tem 1s
selected from one of the cells associated with each 1tem bin.

[0024] FIG. 2 illustrates the contents of the honeycomb
cells for item bins 1, 2, and 23. Item bin 1 has cells 1-1
through 1-11, item 2 has cells 2-1 through 2-7, and item 23
has cells 26-1 through 26-9. There are no overlapping items
across cells. Preferably, there 1s a different number of cells
for each 1tem bin. This cell structure provides numerous
benelits mncluding better utilization of the overall item bank,
improved item exposure control, and a process that allows
items to be easily pulled out from operation by cell.

[0025] In this example, cells 1 and 2 are “reserved” cells,
and the remaining cells are for operational (OP) pools. For
security reasons, the reserved cells are excluded from the
pool assembly. The 1tems in the reserved cells may be used

for other product developments, such as the test preparation
materials for GMAT test takers, Essential Skills Assessment

(ESA) test administered by GMAC®, Executive Assessment
(EA) administered by GMAC, and others. The items in the
reserved cells may also be used for emergency backup pool
creation.

[0026] The honeycomb structure allows for “enemy 1tem”™
identification to be performed at the cell level. (“Enemy
item” refers to two or more 1tems that should not be
administered to the same individual test taker on one test
because of the adverse eflects on content sampling and 1tem
independence.)

[0027] FEach cell needs to meet a requirement which 1s
specified by a test information function for each honeycomb
cell (also referred to herein as “Cell Information Function™
(CIF)) to control standard error of test scores.
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[0028] FIG. 3 show Step 2 of the honeycomb structure and
assembly approach to creating a test. This example 1llus-
trates the creation of monthly test packages 1, 2,3, 4, 3, ..
. In this 1llustration, the details of monthly test package 1 are
shown. The monthly test package has three schedules 1-3
representing respective time windows 1-3. During schedule
1 (time window 1), three pools are formed, along with four
pretest pools. While not illustrated, schedules 2 and 3
include similar pools and pretest pools. Additional monthly
test packages may also be formed during Step 2, as 1llus-
trated 1n FIG. 3 which shows at least five additional test
packages. These test packages have the same elements as
test package 1.

[0029] Referring again to the three pools in schedule 1,
cach pool 1s constructed of one cell selected from each of the
23 1item bins of FIG. 2. In this example, the pools 1llustrate
the following cells:

[0030] Pool 1: cell 1-3, 2-7, 4-3, 26-3, and so on

[0031] Pool 2: cell 1-4, 2-5, 4-10, 26-6, and so on
[0032] Pool 3: 1-8, 2-6, 4-2, 26-2, and so on.

[0033] As noted above, there are 23 cells 1n each pool.
Thus, while only four cells are identified by their cell
number, there are 19 additional cells with 1dentifiable cell
numbers 1n each pool. As discussed above, there may be

about 20-40 1tems per cell. In this example, there are about
600 1tems per pool (average of 26 items per cell).

[0034] The order of cells to draw 1tems from 1s determined
at the time of test administration. Thus, 1n the example Pool
1 above, one test taker might begin with an item from cell
4-3, whereas another test taker might begin with an 1tem
from cell 2-7. Subsequent cells may be either predetermined
at the beginning of test administration, or selected on-the-tly
during test administration. The items selected from the
respective cells are determined on-the-fly during test admin-
1stration based on interim scores, 1n the same manner as a
conventional CAT 1tem selection procedure. The test taker
may receive one item from each cell, or multiple items from
cach cell for certain test sections, such as verbal reasoning.

[0035] In one assembly example, 54 pools are concur-
rently assembled, which i1s enough pools for 6 months of
testing (9 pools per month (three schedules per month)x6
=54). The cells may be manually or randomly selected.

[0036] A simulation is performed for each pool, at the pool
level, for evaluation and quality control purposes.

[0037] There 1s no overlap of 1items or cells across pools
within a schedule, but the same cell may be included in
multiple pools, so long as the pools are i different sched-
ules. All pools 1n a schedule are live simultaneously and one
of them 1s randomly selected for each test administration.
Pretest data 1s collected by the unit of the test schedule. Test
operation/maintenance occurs mostly at the cell level. This
greatly improves operational efliciency and provides for cost
reduction, as further discussed below.

[0038] Items are regularly evaluated and addressed for
item parameter drift (IPD). IPD 1s the phenomenon 1n which
the parameter values for the same test items change system-
atically over multiple testing occasions. One potential cause
for IPD 1s 1tem exposure or cheating.

[0039] Referring again to FIG. 3, there are multiple pools
per schedule, and each test taker for a given schedule 1s
randomly assigned to one of the pools. Thus, since there will
almost always be more than three test takers per schedule,
multiple test takers will receive the same pool. In an

Sep. 15, 2022

alternative embodiment, there may even be only one pool
per schedule 1 which case all test takers will be assigned to
that one pool.

[0040] Even though multiple test takers for a specific test
date (same schedule) will be assigned to the same pool, each
test taker will likely receive a different subset of items from
the respective cells to answer, since the test 1s a CAl-type
test.

III. Improvement to Technical Field

[0041] Assembling computerized adaptive test (CAT)
pools of test items 1s a highly technical field that requires a
complex combination of computer techmiques. See, for
example, the following technical article:

Kyung T. Han and Lawrence M. Rudner. “Item Pool
Construction Using Mixed Integer Quadratic Programming

(MIQP),” GMAC Research Reports* RR-14-O1<Jun. 10,
2014.

[0042] The honeycomb-based pool assembly method
described above dramatically improves the test item pool
assembly process for computerized adaptive test develop-
ment used 1n tests such as the GMAT 1n at least two major
ways. First, 1t provides a substantial improvement in test
item pool parallelism (consistency in test item pool perfor-
mance and characteristics across constructed pools). Sec-
ond, 1t dramatically reduces processing time for test assem-
bly.

[0043] FIG. 4 illustrates the substantial improvement 1n
test 1tem pool parallelism. Referring to FIG. 4, the bins on
the lefthand side 1llustrate conventional manual pool assem-
bly, and the bins on the righthand side illustrate pool
assembly using the honeycomb framework of the present
invention. As illustrated in FIG. 4, the bins on the righthand
side show that the pools are significantly more parallel to
one another, almost appearing as a single curve, compared to
the less parallel curves of the bins on the lefthand side. This
improvement in parallelism indicates improved consistency
in standardization of the test.

[0044] Regarding the processing time improvement, typi-
cal processing time for pool assembly 1s about 12-48 hours
when the traditional repeated random sampling method 1s
used and 1s about 48-240 hours using the conventional
Mixed Integer Programming (MIP) method. With the hon-
eycomb-based pool assembly method described above, 1n
which new MIP objective functions have been developed
and applied, the processing time has been reduced to about
1-2 hours given the same test pool specification and com-
puter hardware performance.

[0045] FIG. 5 1llustrates MIP models for implementing the
honeycomb-based pool assembly. As known 1n the art, linear
programming maximizes (or mimmizes) a linear objective
function subject to one or more constraints. Mixed 1nteger
programming (MIP) adds one additional condition that at
least one of the variables can only take on integer values.
That 1s, MIP 1s a subset of linear programming.

IV. Hardware/Software

[0046] FIG. 6 shows system hardware/software architec-
ture for implementing one preferred embodiment of the
present invention. System 600 includes storage 602, proces-
sor 604, CAT engine 606 having processor 607, and test
taker computers 608,-608, . The storage 602 stores a plu-
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rality of 1tem bins 1-n, labeled as 610,-610 . Each item bin
610 includes a plurality of 1tems. The processor 604 groups
the 1tems 1n each i1tem bin 610 into a plurality of individual
cells, as 1llustrated 1n FIG. 2. The processor also assembles
one or more pools of items, as illustrated 1n FIG. 3. The CAT
engine 606 randomly assigns each test taker to one of the
pools of 1tems, and administers the test for each schedule to
the test takers wvia their respective computers 608. The
administration of a CAT 1s a well-known function of a CAT
engine, and thus 1s not further described herein.

[0047] The present invention may be implemented with
any combination of hardware and software. If implemented
as a computer-implemented apparatus, the present invention
1s 1implemented using means for performing all of the steps
and functions described above.

[0048] When implemented 1n software, the software code
can be executed on any suitable processor or collection of
processors (e.g., processors 604 and 607), whether provided
in a single computer or distributed among multiple comput-
ers.

[0049] The present invention can also be included i an
article of manufacture (e.g., one or more computer program
products) having, for instance, non-transitory computer
readable storage media. The storage media has computer
readable program code stored therein that 1s encoded with
instructions for execution by a processor (€.g., processors
604 and 607) for providing and facilitating the mechanisms
of the present invention. The article of manufacture can be
included as part of a computer system or sold separately.
[0050] The storage media can be any known media, such
as computer memory, one or more floppy discs, compact
discs, optical discs, magnetic tapes, flash memories, circuit
configurations in Field Programmable Gate Arrays or other
semiconductor devices, or other tangible computer storage
medium. The storage media can be transportable, such that
the program or programs stored thereon can be loaded onto
one or more different computers or other processors to
implement various aspects of the present mvention as dis-
cussed above.

[0051] The computer(s) used herein may be embodied 1n
any of a number of forms, such as a rack-mounted computer,
a desktop computer, a laptop computer, or a tablet computer.
Additionally, a computer may be embedded in a device not
generally regarded as a computer but with suitable process-
ing capabilities, including a Personal Digital Assistant
(PDA), a smart phone or any other suitable portable, mobile,
or fixed electronic device.

[0052] The computer(s) may have one or more mput and
output devices. These devices can be used, among other
things, to present a user interface. Examples of output
devices that can be used to provide a user interface include
printers or display screens for visual presentation of output
and speakers or other sound generating devices for audible
presentation ol output.

[0053] Examples of mput devices that can be used for a
user interface include keyboards, and pointing devices, such
as mice, touch pads, and digitizing tablets. As another
example, a computer may receive mput information through
speech recognition or in other audible format.

[0054] Such computers may be interconnected by one or
more networks 1n any suitable form, including as a local area
network or a wide area network, such as an enterprise
network or the Internet. Such networks may be based on any
suitable technology and may operate according to any
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suitable protocol and may include wireless networks, wired
networks or fiber optic networks.

[0055] The various methods or processes outlined herein
may be coded as software that 1s executable on one or more
processors that employ any one of a variety of operating
systems or platforms. Additionally, such software may be
written using any of a number of suitable programming
languages and/or programming or scripting tools, and also
may be compiled as executable machine language code or
intermediate code that 1s executed on a framework or virtual
machine.

[0056] The terms “program™ and “software” are used
herein 1 a generic sense to refer to any type of computer
code or set of computer-executable 1nstructions that can be
employed to program a computer or other processor to
implement various aspects of the present invention as dis-
cussed above. The computer program need not reside on a
single computer or processor, but may be distributed 1n a
modular fashion amongst a number of diflerent computers or
processors to 1mplement various aspects of the present
invention.

[0057] Computer-executable instructions may be in many
forms, such as program modules, executed by one or more
computers or other devices. Generally, program modules
include routines, programs, objects, components, data struc-
tures, and the like, that perform particular tasks or imple-
ment particular abstract data types. The functionality of the
program modules may be combined or distributed as desired
in various embodiments.

[0058] Data structures may be stored in computer-readable
media 1 any suitable form. For simplicity of illustration,
data structures may be shown to have fields that are related
through location 1n the data structure. Such relationships
may likewise be achieved by assigning storage for the fields
with locations 1n a computer-readable medium that conveys
relationship between the fields. However, any suitable
mechanism may be used to establish a relationship between
information 1n fields of a data structure, including through
the use of pointers, tags or other mechanisms that establish
relationship between data elements.

[0059] Preferred embodiments of the present invention
may be implemented as methods, of which examples have
been provided. The acts performed as part of the methods
may be ordered in any suitable way. Accordingly, embodi-
ments may be constructed in which acts are performed 1n an
order different than 1llustrated, which may include perform-
ing some acts simultaneously, even though such acts are
shown as being sequentially performed 1in 1illustrative
embodiments.

[0060] It will be appreciated by those skilled 1n the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.
It 1s understood, theretfore, that this invention 1s not limited
to the particular embodiments disclosed, but 1t 1s intended to
cover modifications within the spirit and scope of the present
invention.

What 1s claimed 1s:

1. An automated method of assembling computerized
adaptive test (CAT) pools of test items for administration to
test takers, the method comprising:

(a) creating a plurality of item bins, each item bin being
associated with a different content domain, each item
bin including only 1tems associated with 1ts respective
content domain;
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(b) grouping the 1tems 1n each item bin 1nto a plurality of
individual cells, wherein each item 1s placed 1n only
one of the individual cells, and each cell includes a
plurality of items which span a range of difficulty
levels,

wherein the grouping 1s performed by linear programming
at the individual cell level;

(c) assembling one or more pools of items, each pool of
items being assembled from a random selection of cells
across the item bins, wherein there 1s only one cell for
each 1tem bin; and

(d) administering the CAT by randomly assigning each
test taker to one of the pools of items.

2. The method of claim 1 wherein each cell in the

assembled test includes only one 1tem.

3. The method of claim 1 wherein each cell in the
assembled test includes a plurality of items.

4. The method of claim 1 wherein step (c¢) 1s performed for
a plurality of different time windows, each time window
having 1ts own pools.

5. The method of claim 1 wherein at least some of the item
bins have a different number of 1ndividual cells.

6. The method of claim 1 wherein the linear programming
1s mixed integer programming.

7. The method of claim 1 wherein the range of difliculty
levels of the plurality of 1tems 1n each cell of each 1tem bin
1s similar to each other.

8. An automated system for assembling computerized
adaptive test (CAT) pools of test 1tems, the system compris-
ng:

(a) a storage device configured to store a plurality of 1tem
bins, each item bin being associated with a different
content domain and including a plurality of items
associated with 1ts respective content domain;

(b) a processor configured to group the items 1n each item
bin into a plurality of individual cells, wherein each
item 1s placed 1n only one of the individual cells, and
cach cell includes a plurality of items which span a
range of difliculty levels, and wherein the grouping 1s
performed by linear programming at the individual cell
level,
the processor further configured to assemble one or

more pools of items, each pool of items being
assembled from a random selection of cells across
the item bins, wherein there 1s only one cell for each
item bin; and

(c) a CAT engine configured to administer the CAT by
randomly assigning each test taker to one of the pools
ol 1tems.

9. The system of claim 8 wheremn each cell in the

assembled test includes only one i1tem.

Sep. 15, 2022

10. The system of claim 8 wherein each cell in the
assembled test includes a plurality of items.

11. The system of claim 8 wherein the processor i1s
configured to assemble the CAT for a plurality of different
time windows, each time window having 1ts own pools.

12. The system of claim 8 wherein at least some of the
item bins have a diflerent number of individual cells.

13. The system of claim 8 wherein the linear program-
ming 1s miXxed integer programming.

14. The system of claim 8 wherein the range of difliculty
levels of the plurality of items 1n each cell of each item bin
1s similar to each other.

15. The system of claim 8 wherein the plurality of
individual cells comprise one or more cells for the one or
more pools of 1items and one or more reserved cells that are
excluded from the pool assembly.

16. A computer-readable storage medium comprising
instructions which, when executed by a computer, cause the
computer 1o:

(a) create a plurality of i1item bins, each i1tem bin being
associated with a different content domain, each item
bin including only 1tems associated with 1ts respective
content domain;

(b) group the items in each item bin 1nto a plurality of
individual cells, wherein each item 1s placed 1n only
one of the individual cells, and each cell includes a
plurality of items which span a range of difliculty
levels,
wherein the grouping 1s performed by linear program-

ming at the individual cell level;

(c) assemble one or more pools of items, each pool of
items being assembled from a random selection of cells
across the 1tem bins, wherein there 1s only one cell for
each 1tem bin; and

(d) administer the CAT by randomly assigning each test
taker to one of the pools of items.

17. The computer-readable storage medium of claim 16
wherein each cell in the assembled test includes only one
item.

18. The computer-readable storage medium of claim 16
wherein each cell 1n the assembled test includes a plurality
ol 1tems.

19. The computer-readable storage medium of claim 16
wherein the assembling 1s performed for a plurality of
different time windows, each time window having 1ts own
pools.

20. The computer-readable storage medium of claim 16
wherein at least some of the item bins have a diflerent
number of individual cells.
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