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Abstract

The purpose of many test in the educational and psychological measurement is to measure test takers’ latent
trait scores from responses given to a set of items. Over the years, this has been done by traditional methods
(paper and pencil tests). However, compared to other test administration models (e.g., adaptive testing),
traditional methods are extensively criticized in terms of producing low measurement accuracy and long test
length. Adaptive testing has been proposed to overcome these problems. There are two popular adaptive
testing approaches. These are computerized adaptive testing (CAT) and computer adaptive multistage testing
(ca-MST). The former is a well-known approach that has been predominantly used in this field. We believe
that researchers and practitioners are fairly familiar with many aspects of CAT because it has more than a
hundred years of history. However, the same thing is not true for the latter one. Since ca-MST is relatively
new, many researchers are not familiar with features of it. The purpose of this study is to closely examine the
characteristics of ca-MST, including its working principle, the adaptation procedure called the routing method,
test assembly, and scoring, and provide an overview to researchers, with the aim of drawing researchers’
attention to ca-MST and encouraging them to contribute to the research in this area. The books, software and
future work for ca-MST are also discussed.
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Oz

Genel olarak egitimdeki testlerin amact testteki sorulara verilen cevaplarla testi alan bireylerin yetenek
seviyelerini 6lgmektir. Bu islem yillarca geleneksel yontem olarak bilinen kagit-kalem formundaki testlerle
yapildi. Ancak geleneksel yontemler diger test yontemlerine (bireye uyarlanms testler) gore yiiksek 6lgme
hatasi barindirmalari ve test uzunlugu gibi problemler nedeniyle ¢okca elestirilmektedir. Bu problemlerin
tistesinden gelebilmek icin bireye uyarlanmis testler tasarlanmigtir. Giintimiizde kullanilan en yaygin bireye
uyarlanmis iki tip test bulunmaktadir: 1) bilgisayar ortaminda madde bazinda bireye uyarlanmisg testler ve 2)
bilgisayar ortaminda modiil bazinda bireye uyarlanmis ¢ok asamali testler. Madde bazinda bireye uyarlamig
testler yiizyili askin bir ge¢mise sahip olup bugiine kadar iizerinde ¢ok¢a c¢alisma yapilmistir. Bu yiizden
egitimde ve psikolojide Olgme alami digindaki aragtirmacilar tarafindan bile birgok yonii itibariyle
bilinmektedir. Fakat bireye uyarlanmis ¢ok asamali testler, madde bazinda bireye uyarlanan testlere gore ¢ok
daha yeni bir caligma alani. Bu sebeble de ¢ok agamali testlerin bir¢ok aragtirmaci tarafindan yeterince
bilinmemektedir. Bu g¢alismanin amaci bireye uyarlanmis ¢ok asamali testlerin tiim oOzelliklerini, diger
testlerden farkliliklarini, avantajlar1 ve dezavantajlarini arastirmacilarla paylagsmak, aym zamanda
arastirmacilarin bu alana olan ilgilerini arttirmak ve bu alanin gelismesine katki saglamalarina tesvik etmektir.
Calismada ayrica bu alanda yazilan kitaplar, kullanilan bilgisayar yazilimlar1 ve alanla ilgili gelecekte
yapilabilecek ¢alismalar tartigilmustir.

Anahtar Kelimeler: madde ve modiil bazinda bireye uyarlanmis testler, dlgme, psikometri
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INTRODUCTION TO TEST ADMINISTRATION MODELS

There are numerous test administration models used to measure student achievement in the
educational realm. Each model has advantages and disadvantages in terms of test validity, score
reliability, test fairness, cost, practical issues, test administration, and schedule. The most widely
used traditional model today is paper and pencil test. In this testing approach, the exam is
administered on paper, the same set of items is given to all examinees, and item order cannot change
during the test (e.g., the American College Testing). Since all examinees receive the same set of
items, it is relatively easy to construct the forms because they do not always necessitate creating an
item pool, which requires additional time, effort, and money. In addition, easier test administration,
flexible item format (e.g., open-ended items), and item review by the examinees are primary
advantages associated with paper and pencil tests (Becker & Bergstrom, 2013). However, one big
criticism of paper and pencil tests is their vulnerability to security breaches (i.e., cheating). This is
because all questions are exposed to all test takers, which is a serious threat for test validity and
score reliability (Thompson, 2008). It is possible to see some examples of paper and pencil tests that
overcome this challenge by creating multiple linear forms (e.g., the Scholastic Aptitude Test-SAT).
The drawback to this testing model is delayed scoring and late reporting. This requires test takers to
wait for their test scores to become available, which can present a problem if application deadlines
are approaching. Long test length and low measurement efficiency can be counted as other major
disadvantages of paper and pencil tests tests (Yan, von Davier, & Lewis, 2014).

The increased role of computers in educational and psychological measurement has led testing
companies (e.g., Educational Testing Service [ETS], Pearson, KAPLAN, the College Board, and
American College Testing [ACT]) and practitioners to explore alternative ways to deal with the
deficiencies of linear tests. One solution is adaptive testing. The most widely known adaptive testing
method is computerized adaptive testing (CAT) (Weiss, 1973). CAT has a long history in the field
of educational measurement. In fact, the first attempt of computerized adaptive testing was
intelligence tests created by Alfred Binet in 1905 (Wainer et al., 2000). It was also used during
World War | for army recruitment purposes in the USA (DuBois, 1970). Throughout the past 100
years, much research has been conducted on CAT, including new item selection methods (e.g.,
Barrada, Olea, Ponsoda, & Abad, 2008; Chang & Ying, 1996), stopping rules (e.g., Choi, Grady, &
Dodd, 2010), and exposure control methods (e.g., Leung, Chang, & Hau, 2002; van der Linden &
Chang, 2005).

The working principle of CAT is as follows: First, computer algorithms randomly administer an item
(typically an item of medium difficulty) to an examinee. After her response to the first item, the
computer estimates her latent score and selects the next item from the pool that best matches with
her current trait level. This basically means that when she gets an item correct, the computer selects a
harder question; if she gets it wrong, the computer selects an easier question. This process continues
until the stopping rule is satisfied. A flowchart in Figure 1 visually summarizes this. Even though it
is successful in how accurate it measures ability and how secure it is—in contrast to linear testing—
CAT does have its own disadvantages. First, it requires a large item pool which incurs a high cost to
testing companies. Second, it requires complicated software and fast computers to be available in test
centers. The third drawback is that CAT generally does not allow examinees to review the items that
have already been answered or to skip any item during the test. Test takers usually have to respond
to all items, and cannot go back to previous items.
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Figure 1. The Flowchart of Computerized Adaptive Testing

To deal with some of the latter’s deficiencies, multistage testing (MST) has been proposed as an
alternative test administration method. Over the years, it has been called by different names, such as
two-stage testing (Kim & Plake, 1993), computerized mastery testing (Lewis & Sheehan, 1990),
computer adaptive sequential testing (Luecht, 2000), and bundled multistage testing (Luecht, 2003).
Although multistage testing is relatively new compared to linear tests and CAT, the MST idea is not
new (Yan et al., 2014). Early MST designs date back to the 1950s (see Angoff & Huddleston, 1958).
The first versions of MSTs were in paper-and-pencil format, and there was no adaptation from one
point to another (see Cronbach & Glaser, 1965; Lord, 1971 & 1974; Weiss, 1973). Even though
these initial attempts were amateur compared to today, they were invaluable in terms of growing the
field of alternative test administration.

The early 1970s were the most critical years for MST advancements. That is because Fredrick Lord
and David Weiss created the basis of the first item response theory (IRT)-based MST applications.
When the research on CAT eclipsed MST, an adaptive version of multistage testing, which is what
this study is concerned with, was proposed for use (Keng, 2008; Mead, 2006). It is called computer
adaptive multistage testing (Yan et al., 2014), or ca-MST, and it has gained in popularity recently,
with more than one hundred journal articles published in the past twenty years alone. In addition, the
number of operational examples has increased recently— tests using the ca-MST format include the
Massachusetts Adult Proficiency Test, Graduate Record Examination or GRE, Law School
Admission Council or LSAC, and Certified Public Accountants or CPA Examination. After the GRE
switched formats from CAT to ca-MST in 2011, interest in ca-MST increased exponentially. But
despite this growing interest in ca-MST, we believe that it has not yet received the recognition that it
deserves.
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Purpose of the Study

Due to its long history, CAT is a well-known test administration model. However, many features of
ca-MST are still unknown by many researchers, especially outside the U.S. So this paper briefly
reviews the ca-MST literature, compiling recent developments for researchers newly interested in ca-
MST.

The purpose of this study is to closely examine the characteristics of ca-MST, including its working
principle, the adaptation procedure called the routing method, test assembly, and scoring, and
provide an overview to researchers and practitioners, with the aim of drawing researchers’ attention
to ca-MST and encouraging them to contribute to the research in this area. To that end, this study
first explains ca-MST in detail, summarizes the recent developments in the literature of the area of
ca-MST, and then discusses future work in ca-MST research.

STRUCTURE AND WORKING PRINCIPLE OF CA-MULTISTAGE TESTING

The ca-MST terminology includes some special terms not used in other testing procedures. These
include module, stage, panel, routing, path, and test assembly. Ca-MST is made up of different
panels (e.g., a group of test forms), and those panels are, in turn, composed of different stages (e.qg.,
division of a test). The stages themselves are made up of pre-constructed item sets, called modules,
at different difficulty levels (Luecht & Sireci, 2011). This means that at each stage some of the
modules are easier and some of them are harder. In other words, some modules are more appropriate
for low-ability test takers, while some are more appropriate for high-ability test takers.

There is almost always one module in stage one, called the routing module, which is used to
establish the test taker’s proficiency level. The test taker moves to the next module of the test based
on her performance on the routing module. The number of stages, the number of the modules in each
stage, and the number of the items in each module can vary from test to test.

In general, the working principle of a ca-MST is as follows. After assigning a test taker to a panel,
unlike individual items in CAT, ca-MST starts with a routing module (e.qg., a set of five or ten items).
After the routing module, the first stage of ca-MST, the computer calculates the test taker’s latent
performance. Then, based on her current performance, the computer selects one of the pre-
constructed modules in the second stage, and routes the test taker to the appropriate module. For
example, if her performance on the routing module is high, she receives a harder module in the
second stage; otherwise an easier module is selected. After she completes the second stage, again,
the computer calculates her performance, and routes her to the most appropriate module in the third
stage. This process continues until the test taker completes all stages. This is the main distinction
between CAT and ca-MST: there is an item level adaptation in CAT, in contrast to the module level
adaptation in ca-MST. This feature brings the advantages of item review, item skip, higher control
over test content, strict adherence to the target content distributions, and consistent item order.

Figure 2 shows an example of the simplest possible ca-MST structure, with two stages. There is one
module in stage one and two modules in stage two; this structure is called the 1-2 panel design. As
shown in this figure, there are two possible pathways that a test taker might draw (e.g., Routing-Easy
and Routing-Hard).

Stage 1 » Routing Module
Stage 2 Easy Module Hard Module
—_—

Figure 2. An Example of 1-2 Ca-MST Panel Design
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Figure 3 shows a more complex ca-MST design, with three stages; there is one module in stage one
and three modules in stages 2 and 3. Accordingly, this structure is called the 1-3-3 panel design.
There are seven possible paths in this type of ca-MST design. These are: Routing-Easy-Easy,
Routing-Easy-Medium, Routing-Medium-Easy, Routing-Medium-Medium, Routing-Medium-Hard,
Routing-Hard-Medium, Routing-Hard-Hard. As can be understood from the figure, the pathways
from a module to another module in the next stage that is not adjacent to the current module are
ignored. For example, if a student receives easy module in stage 2, the student is not permitted to
receive the hard module in stage 3, even if she performed very well in stage 2. The strategy of
disallowing extreme jumps among the module is very common in many ca-MST designs (Luecht,
Brumfield, & Breithaupt, 2006), and prevents aberrant item responses and inconsistent response
patterns (Davis & Dodd, 2003; Yan et al., 2014). However, this is something that a test developer
needs to decide prior to the test administration.

Stage 1 Routing Module
Stagel | Easy Medium Hard
Stage 3

Easv Medivm Hard

Figure 3. An Example of 1-3-3 Ca-MST Panel Design

Both Figures 2 and 3 display an example of one panel only, whereas a computer adaptive multistage
panel is referred to as a collection of modules (Luecht & Nungester, 1998). In order to control panel
exposure rate (and thereby module and item), ca-MST designs consist of multiple panels that are
similar to each other, and each test taker is randomly assigned to one of them. Figure 4 shows an
example of multiple panels. The panel construction procedure is described in the following sections.

Panel 4 Fouting

Figure 4. lllustration of Multiple Panels in Ca-MST
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Like all other test administration models, ca-MST has advantages and disadvantages. Perhaps the
most attractive advantage of ca-MST over CAT is that ca-MST is more flexible in terms of item
review and item skipping. Ca-MST allows examinees to go back to the previous items within each
module, and to skip any item as well. However, examinees are not allowed to go back to the
previous stage(s), and review items in the previous module(s). Compared to linear tests, the ability to
go back to a limited number of previous items is a drawback, but compared to traditional CAT, itisa
remarkable feature. There is a well-known motto that the first answer is always correct, and students
should always trust their initial responses (van der Linden, Jeon, & Ferrara, 2011). However, a
research by Bridgeman (2012), an ETS practitioner, showed that this common belief is actually a
superstition, finding an increase in student abilities when examinees had a chance to review answers
(Bridgeman, 2012).

In terms of test length, ca-MST typically falls somewhere between linear tests and CAT
(Hendrickson, 2007). Ca-MST is a fixed test, which means that test length is determined by the test
developer; however, in CAT, the test length can be fixed or varied. In terms of test design control
(e.g., content area, answer key balance, and word count), ca-MST allows more flexibility than CAT
but less than linear tests. In terms of measuring ability, ca-MST is much more accurate than linear
tests (Armstrong, Jones, Koppel, & Pashley, 2004; Patsula, 1999) but about as accurate as or slightly
less accurate than CAT (Armstrong et al., 2004; Kim & Plake, 1993; Patsula, 1999).

However, some of CAT’s drawbacks, such as the high cost of creating an item bank, are still a
concern in ca-MST. Also, while CAT can stop at any point (if the stopping rule is satisfied),
reducing the test time, due to the module level adaptation, ca-MST continues until all stages are
completed (Zheng, Nozawa, Gao, & Chang, 2012).

By taking into account the advantages and disadvantages of ca-MST, it can be said that ca-MST is a
highly promising test administration model because it combines the advantages of linear tests and
CAT. Ca-MST shares some characteristics with CAT, such as test design and structure, routing
method, ability estimation, content control and test assembly, and exposure control. These
components are summarized in later sections.

BUILDING A COMPUTER ADAPTIVE MULTISTAGE TEST

Prior to administering a ca-MST, the test designer must determine several things. These include the
number of panels, stages, modules, items, and total number of test items, as well as automated test
assembly (ATA), content control, routing method, and interim and final ability estimation method.
These steps are summarized in the following sections.

Number of Panels

As stated before, parallel test forms called panels comprise the ca-MST, and the assignment of test
takers to the panels occurs randomly (Luecht, 2003). Having multiple panels helps to reduce panel,
module, and item exposure rate, and prevents items from being overused. This is critical for test
security; otherwise, test cheating and item sharing problems will arise (Yan et al., 2014). Depending
on the importance of the exam (e.g., high stake or low stake), the number of panels changes, but in
both operational examples and simulation studies it usually varies from one to forty (Yan et al.,
2014). The preferred exposure rate in CAT generally ranges from 0.20 to .35. In order to achieve the
similar exposure rate in the area of ca-MST—for example, if the desired panel exposure rate is .20
(as in the CAT version of the GRE)—one needs to create five ca-MST panels (the exposure rate is
1/r, where r is the number of panels) (Eignor, Stocking, Way, & Steffen, 1993). Setting a low panel
exposure rate means having more panels and more items.

We know that having a lower number of retired items is desired, because researchers and
practitioners do not want to throw many items away after each administration. This is because item-
writing is not easy work, and requires professionalism and money. A qualified item has to meet
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certain criteria, such as good discrimination and content appropriateness. Thus items have to be
created by content professionals. Furthermore, the estimated cost for a single qualified item ranges
between $1,500 and $2,500 (Rudner, 2009). So if we want to have a bank size of 500, it will cost
between $750,000 and $1,250,000. In fact, this amount will increase, as the bank needs maintenance.
However, in reality, only the items in the routing module are received by all test takers that are
assigned to that panel, and they are then retired for use. Yet, due to the adaptation feature of ca-MST,
the following modules and thereby items are received by fewer test takers. Thus, the desired panel
exposure rate is the maximum exposure rate for a panel. Since some of the items in different panels
do not reach the pre-specified exposure rate, they can be used in later administrations. In other
words, the number of panels should be decided by taking into account a combination of desired test
security and cost. It is important to note that a test designer can have overlapping panels, which
means that some of the items can be placed in more than one panel. Also, so some of the items can
be saved for future administrations of the test. The panel construction procedure is handled in the
following sections.

Number of Stages and Modules

As stated before, the modules in each stage differ in their average difficulty levels, but the number of
items and the proportion of content specifications are the same across the modules in a stage (i.e.,
they are not necessarily the same in modules at different stages). There are several examples of ca-
MST design configurations in the literature such as 1-2 (e.g., Wang, Fluegge, & Luecht, 2012), 1-3
(e.g., Schnipke & Reese 1999; Wang, Fluegge, & Luecht, 2012), 1-2-2 (e.g., Zenisky, 2004), 1-3-3
(e.g., Keng & Dodd, 2009; Luecht et al., 2006; Zenisky 2004), 1-2-3 (e.g., Armstrong & Roussos
2005; Zenisky 2004), 1-3-2 (e.g., Zenisky,2004), 1-1-2-3 (e.g., Belov & Armstrong, 2008;
Weissman, Belov, & Armstrong, 2007), 1-5-5-5-5 (e.g., Davey & Lee 2011), 1-1-2-3-3-4 (e.g.,
Armstrong et al. 2004), 5-5-5-5-5-5 (e.g., Crotts, Zenisky, & Sireci 2012). The two-stage design is
the simplest and most widely used in both operational applications (e.g., the revised version of GRE)
and simulation studies. This is because there is only one adaptation point in this configuration, but
this same quality also has the disadvantage of introducing a higher likelihood of a routing error (Yan
et al., 2014). Some have suggested using an additional module called a “recovery module” when
necessary, but it was not found very interesting (see Schnipke & Reese, 1999). Thus, as previous
studies showed, although the test complexity increases, adding more stages and modules into each
stage and/or allowing more branching increases test outcomes (Luecht & Nungester 1998; Luecht,
Nungester, & Hadadi 1996). This is likely due to having more adaptation points. Having more
adaptation points makes ca-MST similar to CAT. In ca-MST, the number of adaptation points is
associated with the number of stages (e.g., one minus number of stages), whereas in CAT, it is
associated with the number of items (e.g., one minus number of items). For example, in a 1-3-3 ca-
MST panel design, there are two adaptation points regardless of the test length. In a 20-item CAT,
there are 19 adaptation points.

Some researchers believe that having multiple modules at the last stage is better for gaining accuracy
in ability estimations, because the estimated abilities become closer to the test taker’s true abilities at
the end of the test (Luecht & Nungester 1998). Armstrong et al. (2004) and Patsula and Hambleton’s
(1999) huge simulation studies showed that having more than four stages does not produce
meaningful gains in test outcomes, and two or three stages with two or three modules at each stage
are sufficient for a successful ca-MST administration (Armstrong, et al., 2004; Patsula & Hambleton,
1999; Yan et al., 2014). The characteristics of modules are handled in the following sections.

Number of Items

Ca-MST is a fixed-length test, so it is necessary to decide the total test length for a test taker. The
total test length varies from ca-MST to ca-MST (e.g., from 10 to 90). Then it is necessary to decide
the number of items in each module. Based on the literature, tests with 20 or fewer items are usually
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considered short tests (Thompson & Weiss, 2011), while tests with 60 or more questions are
generally considered long tests (Zheng et al, 2012).

After deciding the total test length, it is possible to assign a different number of items to the modules
at different stages. The research on number of items can be summarized as follows: a) adding more
items to tests increases the reliability of test scores and thereby measurement accuracy (Crocker &
Algina, 1986); b) varying the number of items in modules at different stages does not affect test
outcomes (Patsula & Hambleton, 1999); c) having shorter modules is better because it allows for
more adaptation points; and d) increasing the number of items in the routing module has a positive
effect on test outcomes (Kim & Plake, 1993). For this last item, Kim and Plake (1993) claimed
having more items decreases the likelihood of misrouting in the following stages. However, as
discussed before, having more items in the modules at the last stage can also have a positive effect
on test outcomes. So, it can be concluded that when we earn from one side, lose from another side
(Zheng et al, 2012).

Routing Method

The routing method in ca-MST is analogous to the item selection method in CAT. Since there is a
module level adaptation in ca-MST, the routing method is used to decide the subsequent modules
that an examinee will receive (Luetch, 2003). The efficiency of the routing method affects the
pathway a student draws during the test, so misrouting impacts the test outcomes, and therefore the
usefulness of ca-MST (Lord, 1980). Thus, it is a tremendously important component in ca-MST.
Routing methods are generally sorted into two categories, dynamic rules and static rules (Yan et al.,
2014). The most widely known dynamic method of maximum Fisher’s information (MFI) (Lord
1980; Thissen & Mislevy, 2000) is an information-based method, and uses item response theory for
module assignment. MFI is analogous to the maximum information item selection method in CAT,
where a computer algorithm calculates the examinee’s ability level based on the previously
administered module(s), and then selects the module that maximizes information at his/her current
ability estimate (Weissman et al., 2007). One can refer to Lord (1980) and/or Weissman et al. (2007)
for more technical details.

Both two static methods define cut points (e.g., routing points or upper and lower bounds) for latent
traits when routing examinees to the modules, but they differ in defining cut points. The first static
rule of the module selection method is the approximate maximum information method (AMI)
(Luecht, 2000) which is mainly used in criterion-referenced test administration (Zenisky, 2004). In
the AMI routing method, a computer algorithm calculates the cumulative test information function
(TIF) based on the previously administered modules (see the next section for discussion on
information), and the TIFs of the current alternative modules (easy, medium, or hard). Then it adds
each alternative module’s TIF to the current cumulative TIF separately, and defines the intersection
points of TIFs as the cut points (e.g., if the two intersection points of three TIFs are -1 and 1, the cut
points are -1 and 1). Finally, the computer routes examinees to the alternative module that provides
the highest information for the provisional latent trait of an examinee. For example, if 6 < -1, the
examinee is routed to the easy module, if -1 <6 < 1, the examinee is routed to the medium module,
and if 6 > 1, the examinee is routed to the hard module. By nature, AMI requires an ability
estimation method after each module, which brings additional complexity to the test administration.
One can refer to Luecht (2000) and/or Zenisky (2004) for more technical details.

The second static rule of the module selection method is the defined population interval (DPI) or
number-correct (NC), which is mainly used in norm-referenced test administration (Zenisky, 2004).
This method is currently used in the revised version of GRE (Yan et al., 2014). The main goal in this
method is to route a specific proportion of people to the modules to ensure an equal or nearly equal
number (or proportion) of people draws each possible pathway (e.g., 33% of examinees routed to
easy module, 34% of examinees routed to medium module, and 33% of examinees routed to hard
module). For example, in a 1-3-3 panel structure, first the 0 values corresponding to the 33" and 67"
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percentiles of cumulative 6 distribution are calculated (e.g., if the latent scores are normally
distributed, 6-scores for the 33" and 67" percentiles are -0.44 and 0.44, respectively). These are
actually defined as the cut points in DPI method. Then these cut points are transformed to
corresponding estimated true scores. Finally, examinees are routed to the one of the alternative
modules based on the number of correct responses they got on the current module (e.g., people who
got six or fewer items correct out of ten items are routed to the easy module, people who got seven
or eight items correct are routed to the medium module, and people who got nine or ten items correct
are routed to the hard module) (see Zenisky et al., 2010 for more details). Even if essentially or
strictly parallel panels are built, it is always a good idea to check corresponding cut scores separately
for each panel.

Compared to the MFI and AMI methods, the DPI is fairly straightforward to implement, but requires
to an assumption on the distribution of theta scores to specify cut points prior to the test
administration. Misrouting is more likely to occur when there is a huge discrepancy between the
actual and assumed distributions. However, the number-correct method is a very understandable
strategy by test takers (Hendrickson, 2007). Previous research has showed that in terms of routing
decisions, DPI or NC is very practical and sufficient for a ca-MST design (Weissman et al., 2007).
However, the information-based routing method is independent of theta distribution and may
produce better outcomes than the static rules if there is discrepancy between the actual and assumed
distributions. Yet, the choice of routing method is mainly determined by the purpose and
consequences of the test (Zenisky et al., 2010).

Automated Test Assembly and Content Control

As explained, ca-MST is designed in such a way that test takers receive pre-constructed modules
based on their performance on the previous module (Armstrong & Roussos, 2005). This means that
each subsequent module has to match the current ability of a test taker. Thus, items must be carefully
grouped in the modules. The most critical consideration here is to group items in modules based on
the target information functions. Some have used the trial-error method and manually assembled
modules (see Davis & Dodd, 2003; Reese & Schnipke, 1999), but it is quite difficult to satisfy all
constraints (e.g., number of items, controlling content area) and to create parallel panels with
manually assembled tests. Thus, it is always best to use a better strategy because automated test
assembly (ATA) is a must in ca-MST (Luecht, 2000).

As Luecht describes, “The automated test assembly involves the use of mathematical optimization
procedures to select items from an item bank for one or more test forms, subject to multiple
constraints related to the content and other qualitative features” (2003, p.7). The optimum solution of
ATA procedure ensures that items in modules and panels meet the desired constraints such as
difficulty level, content control, word count, item and test overlap, and item format. As stated before,
one has to decide ca-MST panel structure, total test length for a test taker, and total number of panels
prior to ca-MST administration. Next, based on the ca-MST structure, the test designer has to
determine the number of items in each module, and to pull a group of items from the given item bank
that meet all desired constraints.

As shown by Luecht (1998), the automated test assembly provides a solution for maximizing the IRT
information function at a fixed theta point. Let’s denote 0, as the fixed theta point and suppose we
want a total of 24 items in the test. We first define a binary decision variable, x;, (x/=0 means item i is
not selected from the item bank, x;=1 means item i is selected from the item bank). The information
function we want maximize is;

1(6;) = le 1(6,.&;)x; 1)

where ¢; represents the item parameters of item i (e.g., discrimination-a, difficulty-b, guessing-c

parameters). Let’s say we have two content areas (e.g., C; and C,), and want to select an equal
number of items from each content area. The automated test assembly is modeled to maximize
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which puts constraints on C;, C,, the total test length, and the range of decision variables,
respectively. For illustration purposes, we provided an example of information functions for a 1-3
ca-MST panel design in Figure 5. As shown in this figure, the information functions for routing and
the medium module peaks around 6=0, the information functions for the easy and hard modules peak
around 6=-1 and 6=1, respectively.

< -
o
=
=
£ o
k=
D p—
T T T T T
-4 -2 0 2 4
Theta

Figure 5. Test information functions across the modules at different difficulty levels

Adding content constraints in the equation is very important for meeting content requirements in the
test. This is because for a successful and valid ca-MST, it is necessary to control content balancing
so that each test taker takes has an equal and/or a similar number or percentage of items from each
content area. It is well known that even if score precision is very high, as would be the case through
proper adaptive algorithms in ca-MST, this does not necessarily ensure that the test has valid uses
(Crocker & Algina, 1986). In other words, high score precision might not represent the intended
construct if the content balance is not ensured. Furthermore, if all students are not tested on all
aspects of the construct of interest, the test fairness is jeopardized.

For these reasons, any test form adapted to an examinee has to cover all related and required sub-
content areas. Due to how it’s assembled, ca-MST allows greater control over test design and
content. (i.e., ca-MST designers can determine item and content order within modules). Since items
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in the modules are placed by the test developer prior to the administration, ca-MST allows for strict
adherence to content specification, no matter how complex it is (Yan et al., 2014). However, in CAT,
content misspecifications are more likely to occur (see Leung, Chang, & Hau, 2003).

It is possible to add other constraints to the equations such as word count, especially if the test is a
timed test. This is because students who receive too many items with high word counts will have a
disadvantage even if the items are easy (Veldkamp & van der Linden, 2002).

One important issue when determining the structure of a ca-MST design, pulling items, and solving
ATA problems is that it might not always be possible to extract a group of items from a large bank
that are at the different difficulty levels. For example, if a researcher wants to build a 1-5 ca-MST
panel design, and wants to allow more branching, she needs to have five modules in stage two (very
easy, easy, medium, hard, and very hard). In such cases, the item bank must have groups of items
with difficulty levels varying from very easy to very hard. In fact, the number of items needed for
each module will increase for multiple panels. Otherwise, it will become impossible to find a proper
solution for the desired structure. In short, the best solution of ATA for a desired ca-MST design can
be found with a psychometrically rich item bank, because the quality of the item bank directly
impacts especially complex ATA problems. It is also important to note that if item and/or test
overlap is desired, a fewer number of items can be pulled from the item bank and placed in the
modules. This can increase the likelihood of finding proper solution for an ATA problem.

There are some integer programming software programs used to solve ATA problems in ca-MST
studies, such as IBM CPLEX (ILOG, Inc., 2006), CASTISEL (Luecht, 1998), LPSolve IDE*, and
IpSolve R package (Berkelaar, 2015). IBM Cplex is a commercial software, but a demo version
allowing a limited number of constraints can be downloaded from www.ibm.com. The others are all
non-commercial programs. Besides these, Microsoft Excel also provides a binary programming
engine called Excel Solver Add-In. One can refer to Cor, Alves and Gierl (2009), and Diao and van
der Linden (2011) for the informative works showing solving ATA problems in Excel and IpSolve R
package, respectively.

After solving the ATA, the test designer has to place items into the modules and these modules into
the panels. Two approaches are used to assign modules into the panels, bottom-up and top-down
(Luecht & Nungester, 1998). In the bottom-up approach, all modules are built so as to meet module
level specifications such as content and target difficulty. It is possible to think of each module as a
mini test (Keng, 2008). Since modules constructed with this strategy are strictly parallel, the modules
are exchangeable across the panels. In the bottom-down approach, the modules are built based on
test level specifications. Since the modules are dependent and not parallel, they are not exchangeable
across the panels.

Scoring and Ability Estimation Methods

The purpose of any test is to measure test takers’ latent trait scores from responses given to a set of
items (Crocker & Algina, 1986). At this point, ability estimation methods are used to calculate trait
scores that represent student success. Even though classical test theory methods can be used for
scoring, they are criticized by psychometric theoreticians and practitioners for producing test- and
population-dependent outcomes and for focusing on true scores (Lord, 1980). Thus, we focus on IRT
based scoring methods.

Like the routing method and automated test assembly, the ability estimation method is a key
component in ca-MST administration. As discussed, if number-correct is the interested routing
method, then ability estimation is not required when navigating examinees during the test. However,
it is still required to estimate final ability level at the end of the test. If the ability cutoff-based or
information-based routing methods are the interested routing methods, then it is necessary to use the

! http://web.mit.edu/Ipsolve/doc/
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ability estimation method both when navigating examinees and calculating final ability estimates at
the end of the test.

There are two main ability estimation method groups that can be used to estimate both interim and
final ability estimates: Bayesian methods and non-Bayesian methods. The most commonly used non-
Bayesian method is maximum likelihood estimation (MLE) (Hambleton & Swaminathan, 1985).
MLE begins with some a priori value (e.g., starting theta value) for the ability of the examinee and
calculates the likelihood function with a given response pattern (e.g., 0101100111) for an ability
level. The likelihood function estimates the probability of having that response vector and finds the
value of theta that most likely results in that observed pattern. For example, if a person got many
items wrong (e.g., response vector of 000010001), the likelihood function will tell us that this
response pattern belongs to someone that has a very low latent trait. Then MLE finds the point that
maximizes the likelihood of an examinee’s item response pattern, and goes to the corresponding
score on the latent trait scale. This score is the estimate of latent trait for a test taker. The first
advantage of this method is that MLE is mathematically easier procedure compared to the other
methods. Another advantage is that since item parameters are known in advance in ca-MST,
estimations with MLE are unbiased compared to linear tests, in which parameters of items are
unknown (Wang & Vispoel, 1998). One big disadvantage associated with MLE is that it does not
provide an estimate for examinees that get all items right (i.e., perfect scores) or wrong (i.e., zero
scores). This causes the likelihood function to infinitely increase and it becomes impossible to find
the highest value on the likelihood function. This might be a serious problem for interim theta
estimates in a ca-MST administration if there are few items in modules (Keller, 2000). One can refer
to Hambleton and Swaminathan (1985) and/or Lord (1980) for technical details.

Two Bayesian methods that are commonly used are maximum a posteriori (Lord, 1986) and
expected a posteriori (Hambleton & Swaminathan, 1985). Maximum a posteriori (MAP) is similar to
MLE, but MAP specifies a prior distribution, multiples this prior distribution by the likelihood
function, and then, does the same thing with the MLE. Most often, the prior distribution is chosen
from a normal distribution. One big advantage of MAP is that it provides estimates for perfect and
zero scores, outperforming MLE (Wang & Vispoel, 1998). One can refer to Hambleton and
Swaminathan (1985) and/or Keller (2000) for technical details.

Another Bayesian method is expected a posteriori (EAP). EAP also specifies a prior distribution, but
unlike the highest point on the likelihood function found in MAP, it finds the mean of the posterior
distribution which represents the estimate of the latent trait. Unlike MLE and MAP, it is a non-
iterative procedure, so it is easier to implement. Also, it does not assume normal prior distribution as
MAP, and EAP outperforms MLE and MAP, meaning that it produces a lower standard error and
bias than other ability estimation methods. One possible disadvantage with EAP is that if
inappropriate prior distribution is specified, this affects the accuracy of outcomes. One can refer to
Wainer and Thissen (1987) and/or Hambleton and Swaminathan (1985) for technical details.

One important issue for scoring and ability estimation is that when scoring the theta values, it is
recommended to count all items an examinee received during the test (except pre-tested or seeded
items) (Weissman et al., 2007). Then the estimated theta scores can be transformed to the desired
rating scale (e.g., from 0 to 100). This is because the theta scores theoretically ranges from - to +oo,
but typically in practice ranges from -3 to 3 (Baker, 1992).

ON THE FLY COMPUTER ADAPTIVE MULTISTAGE TESTING

The main property of computer adaptive multistage testing is that selects the most appropriate
module to an examinee and everyone works his/her own pace. As discussed before, the modules are
pre-constructed “in house” and cannot change during the test. Due to this feature, the ca-MST aligns
with linear tests and a test developer knows the prospective modules a test taker will receive during
the test. However, in CAT, a test developer does not know which items a test taker will receive from
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a large item bank because CAT is a “on the fly” test. This feature of CAT has become an inspiration
for ca-MST users, and on the fly multistage testing (OMST) has been proposed (Han & Guo, 2013).

Instead of administering pre-assembled modules in ca-MST, the OMST shapes item modules for
theta interim values during the test. Due to this variation from ca-MST, some refer to on-the-fly
MST as MST-shaping (MST-S), and ca-MST as MST-routing (MST-R) (see Han & Guo, 2014,
Zheng & Chang, 2015). MST-S still holds other features of ca-MST such as item skipping and
review, and it produces comparable results with ca-MST (Han &Guo, 2014). In summary, while ca-
MST is somewhere between linear tests and CAT, MST-S is between ca-MST and CAT.

BOOKS AND SOFTWARE FOR COMPUTER ADAPTIVE MULTISTAGE TESTING

The first attempt to put together the work conducted on computer adaptive multistage testing was
done by the Journal of Applied Measurement in Education, and a special volume (i.e., Volume 3)
was organized in 2006. Then a special chapter (i.e., Chapter 18),“Multistage Testing: Issues,
Designs, and Research,” put together by April Zenisky, Ronald Hambleton, and Richard Luecht
(2010) was published in the book of Elements of Adaptive Testing, edited by Wim J. van der Linden
and Cees A. W. Glass (2010). Next, three ETS researchers, Duanli Yan, Alina A. von Davier, and
Charles Lewis published the first ca-MST book, “Computerized Multistage Testing: Theory and
Applications” (2014). To the best of our knowledge, this is the first and only book written for
computer adaptive multistage testing.

The field of computer adaptive multistage testing is not very rich in terms of available computer
programs or software yet. Two software programs can be used by researchers for their simulation
studies: a) MSTGen (Han, 2013) and b) R (R Development Core Team, 2009-2016). The former,
written by Kyung T. Han in 2013, is a Windows-based program, and is fairly user-friendly. It is
available at no cost and can be downloaded from the author’s website.” The current version of
MSTGen supports both MST-R and MST-S. MSTGen supports three routing methods (maximum
fisher information, matching-b value, and random module selection), as well as three theta scoring
methods (MLE, MAP and EAP). MSTGen also supports creating and analyzing multiple panels.
More information can be found in the user manual.?

The second program, R, is the most widely used open source program today and can be downloaded
online.* R consists of user-created packages which include pre-written statistical commands.
However, there is no special R package written for computer adaptive multistage testing yet. Thus,
researchers have to write their own commands to run simulations for testing their ca-MST designs.
Han and Kosinski (2014) provided an example R code that analyzes a ca-MST panel design found in
Yan et. al. (2014) (see pages from 417 to 419 in Chapter 26). However, it is important to note that
this code may not always serve researchers’ intended study purposes. This is because this R code is
limited to the maximum fisher information routing method, and is written for a special case where
there must be equal number of items in all modules, which may not be always desired. This code
also does not have a mechanism that prevents extreme jumps among the modules, which might cause
aberrant response patterns.

Earlier this year, David Magis, the author of the computer adaptive testing R package called catR
(Magis & Raiche, 2012) announced in the International Meeting of Psychometric Society Meeting in
Asheville, N.C. that he is currently writing a ca-MST package named mstR. He plans to make it
available for R users in fall 2017 (D. Magis, personal communication, July 11, 2016). MstR is going
to support a variety of routing methods and ability scoring methods, and will not allow extreme
jumps among the modules if user desires. The authors of this paper are also writing an R routine for

2 http:/Avww.umass.edu/remp/software/simcata/mstgen/
% http:/Avww.umass.edu/remp/software/simcata/mstgen/MSTGen_Manual.pdf

4 https://cran.r-project.org/mirrors.html
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ca-MST analyses, and hope to release it in early 2017. The current version of the R routine can be
requested from the first author of this paper.

DISCUSSION AND FUTURE RESEARCH ON CA-MST

Historically, student success has been mostly measured by linear test administration methods.
However, these conventional methods are more accurate for measuring the ability of students at the
medium ability level and less so for students at extreme ability points (Weiss & Kingsbury, 1984).
They also produce longer tests (Segall, 2005). With modern advances in technology and
measurement theory, adaptive testing has been proposed to cope with the problems posed by linear
tests. So far, computerized adaptive testing has been the most popular and commonly preferred
adaptive testing. During the last century, much research has been conducted on CAT. We strongly
believe that even people outside of the educational and psychological measurement field are fairly
familiar with CAT. Unfortunately, the same thing is not true for computer adaptive multistage
testing.

This study does not argue against linear tests and/or computerized adaptive testing. Each test
administration method has advantages and disadvantages when compared to the others. We believe
that some superior features of linear tests, such as high test developer control on content balancing
and item review, are vital. Similarly, some superior features of CAT, such as high measurement
precision for theta estimates and shorter test lengths are also extremely important. To be honest, it is
not possible to have all these features in the same test administration model.

This study argues that the computer adaptive multistage testing (ca-MST) “strikes a balance among
adaptability, practicality, measurement accuracy, and control over test forms” (Zenisky, Hambleton,
& Luetch, 2010, p.369) and combines all practical advantages of other test administration models.
Despite these qualities, we believe that ca-MST has not been given enough attention and
consideration, especially by researchers and practitioners in Turkey. We aim to arouse interest in ca-
MST and encourage Turkish researchers to contribute this highly promising field.

Furthermore, we know that operational applications of adaptive testing are now being used in many
European countries, the U.S., and Canada. Unfortunately, despite a large number of dedicated
researchers and rapid advancements in technology, an operational example of adaptive testing has
never been used in Turkey. Testing companies in the U.S. such as Educational Testing Service lead
in adaptive testing. This was seen when the GRE switched from CAT to the ca-MST format, and the
interest in ca-MST noticeably increased after 2011. The research reports released and distributed by
ETS inspire researchers to find new research questions. We strongly believe that the Measuring,
Selection and Placement Center (i.e. abbreviated as OSYM in Turkish) can have the same impact on
the researchers in Turkey by releasing an operational example of adaptive testing and distributing
research reports associated with it.

Ca-MST has fewer number of routing methods. Whereas some item selection methods used in CAT
such as Kullback-Leibler (Chang & Ying, 1996), maximum likelihood weighted information
(Veerkamp & Berger, 1997), the maximum posterior weighted information (van der Linden, 1998)
can be easily adopted and modified, and then used as a routing method in the ca-MST environment.
Furthermore, some special and popular topics such as differential item functioning, item parameter
drift, item copying, and cognitive diagnostic models should be investigated in the ca-MST
environment. Also, a computer software comparison study across MSTGen and R should be
conducted to compare the effectiveness, usefulness, and accuracy of these two software programs.
And last but not least, another comparison study looking at IBM Cplex, CASTISEL, LPSolve, and
IpSolve R package should be conducted to explore the effect of integer programming software when
creating ca-MST panel designs. Researchers can always contact the authors with questions and for
help regarding ca-MST design, software, coding, ATA, etc.
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GENIS OZET

Ogrenci yetenegini veya basarisin1 dlgmek bircok testin dncelikli amacidir. Bu ama¢ dogrultusunda
en ¢ok basvurulan yontem klasik yontem diye adlandirilan kagit-kalem formatindaki testlerdir. Bu
yontemin en biiyiik avantajlarindan biri test formlarinin hazirlanmasinda testi organize eden kisiye
test icerigini olusturmada biiyiik kolaylik saglamisidir. Bunun nedeni testi hazirlayan kisinin test
icerigini, testteki maddelerin sirasini, soru sayisini istedigi gibi belirleyebilmesidir. Ayrica bu
yontem soru bankasi olusturmay1 gerektirmedigi i¢in daha az maliyetlidir. Ancak bu yontem 6grenci
basarisim 6lgmede yiiksek yanlilik (hata) tirettigi ve test uzunlugu nediyle oldukga elestirilmektedir.
Bu sebeble bilgisayar ortaminda uygulanan bireye uyarlanmus testler gelistirilmistir.

Gilinlimiizde en yaygmn kullanilan ve bilinen bireye uyarlanmis test; madde bazinda bireye
uyarlanmis testlerdir. Bu test yonteminin genel ¢alisma prensibi su sekildedir; bilgisayar bireye
baslangi¢ icin bir soru verir (genellikle orta zorluk derecesinde), bireyin bu maddeye verdigi cevap
sonrasinda, bilgisayar bireyin yetenek seviyesini hesaplar, hesaplanan yeni yetenek seviyesine gore
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bagka bir soru verir ve yetenek seviyesini giinceller. Bu islem test sonuna kadar devam eder. Testi
sona erdiren mekanizma testi organize eden kisi tarafindan belirlenir ve a) siire, b) 6nceden
belirlenen standart hata (6rnegin kisinin yetenek seviyesi 0.3 hata oranmiyla hesaplandiginda testi
durdur) veya c¢) onceden belirlenen test uzunlugu olabilir (6rnegin her bir birey 30. sorusunu
aldiginda testi durdur). Madde bazinda bireye uyarlanan testin en biiyiik avantaji yetenek seviyesini
minimum hata ile hesaplayabilmesi ve soru sayisim1 %50 oraninda azaltmasidir. Kisacas: daha az
soru ile daha iyi bir 6lgmeyi gergeklestirmesidir. Ancak bu yontemin de kendine 6zgili dezavantajlari
bulunmaktadir. Belki de en ciddi olani yiiksek maliyet gerektirmesidir ¢iinkii bu test yontemi soru
bankast olusturmay1 zorunlu kilmaktadir. Bu yontemin diger dezavantaji bireylere dnceki sorulara
gerip doniip cevaplarimi degistirme veya gozden gegirme sansi tanimamasi ve her bir sorunun
cevaplanmasini zorunlu kilmasidir.

Bilgisayar ortaminda uygulanan diger metod ise bireye uyarlanmis ¢ok asamali testlerdir. Bireye
uyarlanmig ¢ok asamali testler isminden anlasilacagi {lizere ¢esitli boliimlerden olusur ve her bir
boliimde modiil ad1 verilen farkli zorluk derecesinde soru kiimeleri bulunmaktadir. Bu baglamda her
bir modiilii mini bir test olarak diisiinmek miimkiindiir. {lk asamada genellikle tek modiil bulunur ve
yonlendirme modilii (routing module) olarak adlandirilir. Fakat diger asamalarda farkli zorluk
derecelerinde birden fazla modiil bulunmaktadir. Bireye uyarlanmis ¢ok asamali testlerin ¢alisma
prensibi su sekildedir; birey once yonlendirme modiiliinii alir ve bu modiilde gostermis oldugu
performasa bagli olarak ikinci asamada diisiik, orta veya yiiksek zorluk seviyesindeki modiilii alir ve
ikinci agsamay1 tamamlar. Bu igslem birey tiim asamalarn bitirinceye kadar devam eder. Anlagildig:
tizere madde diizeyindeki Dbireysellesmeden ziyade, bireysellesme modiil diizeyinde
gerceklesmektedir. Testi hazirlayan kisi testteki asama sayisini kendisi belirleyebilir ve her asamaya
istedigi kadar modiile yerlestirebilir. Sekil 2 ve 3 ¢ok asamali testlerin yapisini gosteren birer
ornektir. Bu sekillerde sadece bir panel gosterilmektedir. Halbuki ¢ok asamali testler birbirine paralel
olan ¢ok sayidaki panelden olusmaktadir ve bireyler herhangi bir panele rastgele atanir. Bu
panellerin bireylere maruz birakilma veya kullanim oranini belirli seviyede tutma ve test glivenligini
saglama agisindan oldukca onemlidir. Bireye uyarlanan ¢ok asamali testlerin madde diizeyinde
bireye uyarlanan testlere gore en biiyiik avantajlarindan biri bireylere her bir modiil igerisindeki
onceki sorulara geri doniip cevaplari gozden gegirmesine imkan vermesidir. Ancak bireylerin bir
onceki asamadaki modiilde aldiklar1 sorulara geri donmesine izin verilmez. Diger bir avantaji ise
testi hazirlayan kisiye test icerigi iizerinde daha fazla imkan vermesidir. Bunun nedeni modiil
icerisindeki sorular testi hazirlayan tarafindan 6nceden belirlenir, istenilen sayida ve sirada soru
yerlestirilebilir. Bireye uyarlanan ¢ok asamali testler bireylerin yetenek seviyelerini 6lgmedeki hata
derecesi acisindan madde bazinda bireye uyarlanan testlerden koti, kagit kalem formundaki
testlerden iyidir. Fakat madde bazinda uyarlamanin oldugu testlerde karsilasilan yiiksek maliyet gibi
sorunlar ¢cok agamali testlerde de goriilmektedir. Bu nedenlerden dolay1 bireye uyarlanan ¢ok agamali
testlerin diger iki testin avantajlarii ve dezavantajlarimi igermektedir. Cok asamali bir test
yonlendirme metodu denilen adaptasyonu gergeklestiren mekanizmayi kullanmayi gerektirir.
Yonlendirme metodu bireylerin bir sonraki asamada hangi modiilii alacagini belirler ve bireylerin
yetenek seviyelerinin hesaplanmasinda ¢ok 6nemli rol oynar. Bu nedenle ¢ok asamali testlerin en
onemli unsurlarindan biridir. Calisma en yaygin kullanilan ii¢ farkli yonlendirme metodunu detayli
sekilde agiklamaktadir. Bunlar dogru sayisina gore, hesaplanan yetenek seviyesine gore ve test
bilgisine (test information) goére yonlendirme metodlaridir. Cok asamali testlerdeki Onemli
noktalardan biri de “automated test assembly” (ATA) olarak adlandirilan madde havuzundaki
modiilleri olusturmaya yarayan test toplama/bir araya getirme metodudur. ATA farkli zorluk
derecelerindeki maddeleri bir araya getirmeye yarar. Bunu yaparken farkli her bir modiil igerisinde o
teste ait farkli alt konulara (denklemler, fonksiyonlar, toplama/gikarma vs.) ait sorulari bir araya
getirmeye dikkat edilmelidir. Calismada panellerin ve modiillerin nasil olusturuldugunu detaylica
anlatmaktadir. Diger bir énemli unsur ise yetenek seviyesini hesaplama metodudur. En yaygin
kullanilan metodlar “en ¢ok olabilirlik (MLE), sonsal maksimum kestirim (MAP) ve sonsal beklenti
kestirimi (EAP) metodlaridir. Her bir metodun simirliliklart ve {istiin yonleri ¢alismada detaylica
anlatilmistir. Bireye uyarlanan ¢ok asamali testler {izerine yazilms kitaplar ve tasarlanmis bilgisayar
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yazilimlar1 ¢alismada tamitilmistir. Calismada ayrica ge¢misten giiniimiize yapilan ¢aligmalar
Ozetlenmis ve gelecekte yapilabilecek calismalar tartigilmistir.

Madde bazinda bireye uyarlanan testlerin ilk adimlar1 1905 yilinda atilmis olup ylizyili askin bir
geemisi bulunmaktadir. Giinlimiize gelene kadar iizerinde ¢ok¢a caligma yapilmig ve ciddi ilerleme
saglanmistir. Bu yiizden egitimde ve psikolojide 6l¢me alani disindaki arastirmacilar tarafindan bile
bircok yonii itibariyle bilinmektedir. Fakat modiil bazinda bireye uyarlanan veya bireye uyarlanan
cok asamali testler diger test yontemlerine gore cok daha yeni oldugu igin bir¢ok arastirmaci
tarafindan bilinmemekte veya kismen bilinmektedir. Bu ¢alismanin amaci bireye uyarlanan ¢ok
asamali testleri tiim yonleriyle incelemek, temel prensiplerini anlatmak, gelinen noktay1 ve yapilan
caligmalar1 aragtirmacilar i¢in Ozetlemektir. Tiirkiye’de bu alanda yapilan caligmalar ¢ok kisith
oldugu icin hedefimiz Tirkiye’deki arastirmacilarin dikkatini bu alana g¢ekmek ve katkida
bulunmalarina tesvik etmektir. Kuskusuz bireye uyarlanan ¢ok agamali testler avantajlari itibariyle
bireye uyarlanan madde bazindaki testlerin yerini almaya aday. Bu nedenle de cok agamali testlere
olan ilgi gelecekte daha da artacaktir. Ozellikle 2011 yilinda Graduate Record Examination (GRE)
madde bazinda bireysellestirmeden modiil bazinda bireysellestirmeye gectikten sonra, cok asamali
testlere olan ilgi gozle goriiniir sekilde artmistir. Bunu yayinlanan akademik arastirma ve yapilan
simiilasyon c¢aligmalarinin sayisindan rahatca gormekteyiz. Benzer ilginin Tiirkiye’de de artmasi i¢in
yapilabilecek calismalara deginilmistir.
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