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1 Introduction

During recent decades computerized achievement tests have been in-
creasingly popular and are used more and more in different areas.
Computerized tests range from traditional tests, with a fixed num-
ber of items, to computerized adaptive tests, where the next item
administered to an examinee is dependent on how the examinee has
answered the previous items (Wainer, 1990 and van der Linden &
Glas, 2000). Computerized tests have several advantages over tradi-
tional paper-and-pencil tests since they can be varied in a number of
different ways. Further, it is easy to pretest new items by randomly
imbedding them at different places in the test for different exami-
nees. The use of graphics and the possibility to give individual tests
to each examinee opens up a variety of opportunities. Some of the
questions that arise with computerized tests are answered here.

In this dissertation, I am going to examine how to construct
a computerized achievement test which aims to test an examinee’s
ability. Here, ability will also incorporate theoretical knowledge.
Throughout this dissertation I will use the term knowledge test in
the same meaning as achievement test, i.e. a test which measures
the capability for a relatively specific task or type of skill (Gregory,
1996). In general, knowledge tests are divided into norm-referenced
tests and criterion-referenced tests. In a norm-referenced test the
examinee’s results for the test, i.e. the test score, is compared with
the other examinees’ test scores in order to ascertain an examinee’s
status with respect to other examinees (Popham, 1990). This means
that the examinees’ abilities are compared with each other. For ex-
ample, the Swedish Scholastic Assessment Test is a norm-referenced
test. In a criterion-referenced test the examinee’s ability is not com-
pared to other examinees abilities. Instead it is compared to a well-
defined criterion to decide whether or not an examinee has at least
a certain level of ability or knowledge (Glaser & Klaus, 1962 and
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Glaser, 1963). Therefore, most research on criterion-referenced tests
has focused on estimating an examinee’s ability, see for example
(Hambleton & Swaminathan, 1985).

In this dissertation both criterion-referenced test and mastery
tests will be considered. A mastery test is a simpler form of criterion-
referenced test. In mastery tests one is only interested if an examinee
has reached a specified level of achievement, in which case the exam-
inee is a ”master” (Stocking, 1997). This means in practice that the
examinee is a master if the examinee’s test score is equal to or higher
than a specific score, i.e. the cut off score. There are only one cut off
score, compared to a criterion-referenced test which can have more
than one. Two different test formats will be discussed here; tests
with a fixed number of items, i.e. fixed length tests, and sequential
tests, where the number of items in the test varies depending on how
an examinee answers the items.

The main aim of this dissertation is to describe how a comput-
erized knowledge test can be constructed and used in practice. The
focus is on deciding whether or not an examinee has at least a certain
level of ability, i.e. to decide whether or not an examinee is a master.
Note, that there will be no attempt to estimate the ability. In the
dissertation and in papers I-IV, statistical inference theory and item
response theory (Hambleton & Swaminathan, 1985 and Lord, 1980)
are used, and both sequential tests and tests with fixed number of
items are examined. The aims of the papers are as follows: The first
aim is to examine what kind of items and item characteristics one
should choose in order to achieve the most powerful statistical test
in a test with fixed number of items. Here, item characteristics refer
to item discrimination, item difficulty and a guessing characteristic.
Note that in paper IV I will refer to them as item parameters. The
second aim is to examine what kind of items and item characteristics
one should have, i.e. optimal items, in a sequential test in order to
minimize the number of items needed in the test. The third aim is
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to examine how inefficient a test is if we do not use these optimal
items in tests with a fixed number of items and sequential tests. The
fourth aim is to examine, through simulations, what happens if we
fail to estimate the item characteristics, i.e. if they are estimated
with errors. How does this affect the number of items needed in a
sequential test? The final aim is to estimate the item parameters
and the variance of the item parameter estimators in a computer-
ized knowledge test that consists of both pretested items and try-out
items.

This dissertation has some limitations. Among those are the fact
that I have only used the three parameter logistic item response the-
ory model, although other models exist (see for example Birnbaum,
1968). There has been no attempt to estimate an examinee’s ability,
only to examine whether or not an examinee has at least a certain
level of an ability. Also, there has been no examination of what
happens if the item characteristics are estimated with errors in fixed
length tests.

This dissertation is organized as follows. In section 2 comput-
erized knowledge tests are described together with important def-
initions and concepts in item response theory, optimal design and
sequential analysis. Section 3 contains summaries of the four papers
that are included in this dissertation. Finally, section 4 contains
conclusions and discusses some possible areas for further research.
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2 Computerized knowledge tests

Consider an examinee that is going to take a computerized test. For
example, let us study an examinee that is going to take the theoret-
ical part of the Swedish driving licence test, abbreviated as SDLT.
When the examinee arrives at the Swedish National Road Adminis-
tration the examinee will be placed in front of a computer and given
some initial instructions. After the instructions the test starts and
the examinee receives the first item. The items in the tests are con-
structed by test constructors. In order for the test constructor to
evaluate how an item works in a testing context several indicators
about the items are used. These indicators vary in different test
areas, e.g. content information, type of item or some other informa-
tion. Together with other information it is very common to model
the items using item response theory (Hambleton & Swaminathan,
1985).

2.1 Item response theory

Item response theory, abbreviated as IRT, was developed by Birn-
baum (1968), Lord & Novick (1968) and Lord (1980). More recently
Hambleton & Swaminathan (1985), van der Linden & Hambleton
(1997), and Boomsma, van Duijn & Snijders (2001) among many
others have made substantial contributions. The framework of IRT
relies on three assumptions; local independence between the items,
dimensionality, and that each item can be described by an item char-
acteristic function (Birnbaum, 1968), abbreviated as ICF.

Local independence means that an examinee’s answer for one
item is statistically independent from the examinee’s answer for any
other item in the test. In reality, this means that one item is not
allowed to give clues to answers for other items. Dimensionality
refers to how many dimensions one assumes the test measures. A

4



test that only measure one ability, as with the SDLT, is said to have
unidimensionality. An item characteristic function is a mathematical
function that relates the probability to answer an item correctly to
the ability measured by the item (Hambleton & Swaminathan, 1985).
In other words, an ICF is the model that relates the probability of
answering an item correctly with the examinees’ different abilities.
There are several models in IRT that can be used depending on the
nature of the items in the test and whether one considers the test of
interest to have unidimensionality or not. Here, I only consider tests
with multiple choice items, for which the examinees can answer either
true or false. There are a couple of IRT models that I could have
used, for example the two parameter logistic model or the normal
ogive model etc. For detals about these models see Birnbaum (1968).
However, throughout this dissertation the items are modelled with
the three parameter logistic IRT model.

2.2 Model

The main reason for modelling the items according to the three pa-
rameter logistic IRT model (Birnbaum, 1968), is that it is a general
model in the sense that other IRT models can be derived from it
(e.g. the two parameter logistic IRT model and the one parameter
logistic IRT model). The random variable Yij is defined as Yij = 1
if examinee j answers item i correctly and Yij = 0 if examinee j
answers item i incorrectly. Assume that there are N examinees who
take a test and that they recieve n items. The probability that a
given examinee j with ability θj will answer a randomly chosen item
i correctly is

π(θj ; ai, bi, ci) = ci + (1 − ci)
eai(θj−bi)

1 + eai(θj−bi)
, i = 1, 2, ..., n (1)
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where 0 ≤ ai < ∞ is the item discrimination, −∞ < bi < ∞ is the
item difficulty, and 0 ≤ ci ≤ 1 is the guessing parameter for item
i. Theoretically ai is defined on the scale (−∞,∞) but if items are
negatively discriminating they are discarded in achievements tests.
The ability θj is defined on (−∞,∞) (Birnbaum, 1968). These three
characteristics are referred to as item characteristics or item param-
eters. Note that if c = 0 I get the two parameter logistic IRT model
and if I also let a = 1 I get the one parameter logistic IRT model.

The examinee will receive two kinds of items in the test; pretested
items with known item characteristics and try-out items with un-
known item characteristics. The examinee’s test score will be based
on how (s)he answers the pretested items. It should be noted that
although the items are pretested before they are used in a real test
their item characteristics might be estimated with errors. No mat-
ter if that happens or not the ambition is to give the examineees
items with known item characteristics so that they are predictable
and to give items that give as much information about the examinee
as possible.

2.3 Random trial

Before I can use model (1) I have to make clear what I am modelling
and what the random trial is. There are at least three different
views on what the random trial is; random sampling of examinees,
stochastic examinees and random sampling of items (Hambleton,
1989, Holland, 1990, and Lord, 1980). Holland (1990) and Lord
(1980) have both discussed these perspectives but have somewhat
different views.

Holland (1990) describes the situation when we sample a random
number of examinees from a given population of potential examinees.
In this case, each examinee in the population has a potential test
score for each test that is only revealed if the examinee takes the
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test. The population has a distribution of potential test scores and
the examinees are sampled at random from the population and given
a test. In this interpretation the random trial is random sampling
(of examinees) from the distribution of potential test scores. In this
case π(θj ; ai, bi, ci) is interpreted as the proportion of examinees in
the subpopulation with ability θ who will answer item i correctly
if given this test. This probability has also been described as the
probability that a randomly chosen examinee with given ability θ
will answer a given item i correctly (Birnbaum, 1968 and Hambleton,
1989). It should be noted that Lord (1980) also agrees that this is a
possible interpretation.

Holland (1990) also describes the ”stochastic examinees” view.
According to this view, each examinee’s answer is assumed to be
random and each examinee has a distribution of possible answers.
In other words the examinee is flipping a mental coin when giving an
answer. The random trial is the random sampling of answers from
each examinee’s distribution of possible answers. However, some-
times it can also involve the random sampling of examinees from a
population. In this case π(θj; ai, bi, ci) is interpreted as the probabil-
ity that a given examinee j with ability θ, will answer a given item
i correctly.

Finally, Lord (1980) describes the random sampling of items. Ac-
cording to this view we take a random sample of items and gather
them in a test. Therefore, each test is randomly chosen from a pop-
ulation of potential tests. The random trial is the random sampling
of items from the distribution of possible items, e.g. items in an
item bank. In this case π(θj; ai, bi, ci) is interpreted as the probabil-
ity that a given examinee j with ability θ, will answer a randomly
chosen item i with item characteristics a, b and c correctly.

In this dissertation I am using Lord’s (1980) perspective since I
assume that the items are randomly chosen from an item bank and
administered to given examinees.
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2.4 Item bank

All items that can potentially be used in a computerized knowledge
test are usually gathered together in an item bank. There is no
single definition of an item bank. It ranges from the loose definition
such as ”any collection of test items” to restrictive definitions such
as ”collections of test items organized and catalogued to take into
account the content of each test items and also its measurement
characteristics” (Umar, 1997). Here, an item bank is defined as
the collection of items that will be used in our tests and where all
information about the items are gathered. This information can
include how often the items have been used in a test, description of
the item content, the values of the item characteristics etc. In order
for an item to work well in a test the item characteristics should be
known in advance.

When a test is needed the items are drawn from the item bank
according to some selection criteria and assembled into a test. These
criteria can be amongst other things stochastic, content specific,
maximum-information (van der Linden & Pashley, 2000 and van der
Linden, 2000). Throughout this dissertation the items are chosen
randomly from an item bank. By assembling tests with items from
an item bank the test can be varied in a number of different ways.
How often the items are used can be controlled, i.e. the item expo-
sure rate is controlled. It is important to have a low item exposure
rate so the items do not become known to the examinees before they
take the test. If the items are known in advance to the examinees
the test loses its role as a reliable and valid instrument to measure
an examinees ability. Therefore, one constantly needs to construct
the best possible items and exchange the items in the item bank
regularly.
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2.5 Optimal design of items

The theory of optimal design can be used to find out which type
of items are informative and should be given to the examinees.
The framework of design of experiments has developed from Fisher
(1935), and optimal design have emerged from it. The most re-
cent important books in the area includes Silvey (1980) Atkinson
& Donev (1992), Pukelsheim (1993), and Fedorov & Hackl (1997).
In general, a design is denoted by ξ and consists of g design points
and g corresponding weights wf , where f = 1, ..., g. Here, a design
represents a group of items each having specific item characteristics
and the weights is the proportion of items in each group

ξ =
{

(a1, b1, c1) (a2, b2, c2) ... (ag, bg, cg)
w1 w2 ... wg

}
. (2)

Optimal design have been connected to IRT by Berger (1992),
Berger (1994), Berger & Mathijssen (1997) and Stocking (1990)
among others. They have focused on the two parameter item re-
sponse theory model or optimum examinees for parameter estima-
tion etc. An optimal design ξ∗ is defined as a design that minimizes
or maximizes some criterion function (Atkinson and Donev, 1992).

Since the design weights should satisfy wf ≥ 0 and
g∑

f=1

wf = 1 it is

possible to view a design as a discrete probability measure with a
probability distribution defined over the design space, which in this
case is all items that are available in an item bank. In this disser-
tation an optimal item is an item with optimal values for the item
characteristics. However, it is not enough to have one set of optimal
items in the item bank. We need to exchange the items regularly
with new items in order for the item bank to work well.
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2.6 Constructing new items

The procedure of creating new items can be varied in very many
ways. The differences depend usually on who constructs the items,
who reviews the items, how many times the items are reviewed and
the aspects of the items that need to be reviewed (Umar, 1997).
For example, the item writing procedure can be as follows: First, a
number of test constructors create many items that aim to test the
ability of the examinees. Second, experts review the items and make
changes so that the items improve. Third, a pilot study is made by
letting some examinees try the items, i.e. pretesting. The second
and third step is repeated until one is satisfied with the items.

In computerized testing one has an excellent opportunity to try
the items on the examinees by letting the tests consist of two kinds
of items; try-out items and pretested items. The pretested items are
items with known item characteristics on which the examinees test
score is based. The try-out items are the items with unknown item
characteristics that need to be evaluated and whose characteristics
need to be estimated. It is important that the examinees do not
know which items in the test are pretested items or try-out items.
The reason is to avoid the examinees answering the try-out items
less carefully than the pretested items. When estimating the item
characteristics one has to take into account that the examinees’ abil-
ities are unknown and might influence the result as they will act as
nuisance parameters. However by maximizing the joint maximum
likelihood function for a test with both pretested items and try-out
items it is possible to get estimates of the unknown item parameters;
for details see paper IV (Wiberg, 2003b).

If the items’ behavior is known more efficient tests can be con-
structed since one can choose items that have certain preferable char-
acteristics. Although the pretesting procedure can be repeated un-
til the item characteristics can be assumed to be known it might
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sometimes fail. The pretesting procedure might be expensive so one
cannot afford to pretest the item characteristics sufficiently. There-
fore, the item characteristics may be estimated with errors which will
make the test less efficient, see paper III for a simulation experiment
to investigate the effects of estimation errors (Wiberg, 2002b).

2.7 Fixed length tests

Now, let us return to the examinee. As the SDLT works today the
examinee receives a new item after (s)he has answered the previous
item. The test ends when the examinee has answered all the items in
the test. After the test has been corrected the examinee receives the
test score, i.e. how well s(he) performed on the test. The examinee’s
test score is compared to the cut-off score and if the examinee has
a score equal to or higher (s)he passes the test and is considered a
master. If the examinee’s test score is below the cut-off score the
examinee is not considered to have the ability. In other words, we
test the statistical hypothesis

H0 : θ ≤ θ0 (3)
H1 : θ > θ0,

where θ0 is the ability representing the minimum level the examinee
should exceed to be considered a master. In this situation it is pos-
sible to make two kinds of errors. The Type 1 error is to conclude
that the examinee has the ability when in fact the examinee lacks
the ability. The Type 2 error is to conclude that the examinee lacks
the ability when in fact the examinee has the ability. In our test
with a fixed number of items, i.e. a fixed length test, we can control
the Type 1 error and aim to minimize the Type 2 error. Note that,
minimizing the Type 2 error is the same as maximizing the power of
the statistical test when testing (3), for details see paper I (Wiberg,
2003a).
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2.8 Sequential tests

Even though the SDLT is a test with fixed number of items it is
possible to use other test formats. Keep in mind that our focus is on
deciding if an examinee has the theoretical ability needed to drive
a car. Since this is a small field of measurement it might be hard
to create a lot of items that are informative and work well in a test.
Therefore, one of the major concerns, besides using a relevant test
content, is to minimize the number of items given to the examinees.
The main focus is still on deciding as accurately as possible if an ex-
aminee has the theoretical ability needed to drive a car. A way out of
this dilemma is to use a sequential test. The framework of sequential
analysis was developed by Wald (1947). More recently, Ghosh (1970)
and Ghosh & Sen (1991) have developed and discussed methodologi-
cal issues in sequential analysis. Reckase (1983), Kingsbury & Weiss
(1983) and Spray & Reckase (1996) are some of the researchers that
have connected sequential analysis to mastery testing, classification
of examinees and item response theory. A sequential test is a test
where the items are administered one at the time to the examinee.
Instead of testing hypothesis (3) the hypothesis of interest is

H0 : θ = θ0 (4)
H1 : θ ≥ θ0 + k, k > 0,

where θ0 represents that the examinee lacks the ability and k is a
specified number in each problem such that θ0 +k represents that an
examinee has the ability. If θ ∈ (θ0, θ0+k) we have an indifference re-
gion where one cannot say if an examinee is a master or not (Wilcox,
1976). After each item the examinee has answered, the sequential
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probability ratio test is used to make one of these three decisions:

1. H1 is rejected in favour of H0 and the test terminates,
2. H0 is rejected in favour of H1 and the test terminates,
3. the test continues since no decision in favour of H0 or H1

can be made.

In practice this usually means that most of the examinees soon will
end up in the first two groups and we will get a third group that is
given substantially more items. It should be noted that one might
need to use some kind of stopping rule so that the test length does
not goes to infinity (Siegmund, 1985).

In sequential tests it is also possible to make a Type 1 error or a
Type 2 error. However, in sequential tests I choose the level on both
the errors before the test. The goal is to minimize the expected
number of items needed in a test in order to make a decision in
favour of one of the two hypotheses (4), i.e. to minimize the average
sample number function; for details see paper II (Wiberg, 2002a).
By using a sequential test the exposure rate of the items is lower
than with a test with a fixed number of items since fewer items
will be used on the average. This means that fewer items need to
be constructed compared with a test with a fixed number of items
where all examinees receive the same test. However, it is important
that the same items are not used all the time since then they will
become known to the examinees in advance.

2.9 A final note

It should be noted that sequential inference theory is asymptotic
and relies on the fact that the item characteristics are known after
pretesting. However, if the pretesting of items fails, the item charac-
teristics are estimated with errors. This could cause the sequential
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tests to be longer than expected. However, if there are small estima-
tion errors the sequential test will be reasonably efficient; for details
see the simulation studies reported in paper III (Wiberg, 2002b). It
should be noted that it is likely that estimation errors influence the
results of tests with a fixed number of items.

3 Summary of papers I-IV

The following papers aim to solve some of the statistical problems
associated with computerized tests. In paper I the focus is on finding
the optimal values of the item characteristics in criterion-referenced
tests with a fixed number of items. In paper II and III the focus
is on sequential mastery tests. Paper II is mostly concerned with
theoretical details involved in sequential analysis, while paper III
shows, through simulations, what happens if the item characteristics
are not identically distributed, or if they are estimated with errors.
Paper IV focuses on estimating item parameters in computerized
tests with both pretested items with known item parameters, and
try-out items, with unknown item parameters.

3.1 An optimal design approach to criterion-referenced
computerized testing (Paper I)

In the first paper, criterion-referenced tests with a fixed number of
items are examined using statistical inference theory. The focus is
on deciding if an examinee has at least a certain level of an ability.
The likelihood ratio test is used to test the hypothesis (3). With this
approach it is possible to control the Type 1 error while maximizing
the power function of the statistical hypothesis test. Maximizing the
power function is the same as minimizing the Type 2 error.

It is concluded that the optimal design of a test is a test that con-
tains the same kind of items. By using the theory of optimal design,
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optimal items are found: These are items whose item discrimination
is as large as possible, item guessing equal to zero, and the item dif-
ficulty close to the cutoff score. These theoretical results about the
values of the item characteristics explain other researcher’s findings
from previously conducted simulation studies.

An efficiency study shows that if non-optimal items are used
instead of optimal items, many more items are needed in the test in
order to achieve the same power in the statistical test. How many
more items that are needed depends on how far the values of the
item characteristics are from optimality.

3.2 Optimal sequential computerized mastery tests (Pa-
per II)

The second paper is based on Wald’s (1947) sequential analysis. The
aim is to find an optimal test for testing the composite hypotheses
(4) when a mastery test is used. In this paper I am using identical
and independently distributed, i.e. iid, items in order to simplify the
analytical work. In sequential analysis there are at least two impor-
tant functions; the operating characteristic function, abbreviated as
the OC function, and the average sample number function, abbrevi-
ated as the ASN function. The OC function is defined as one minus
the statistical power function and the ASN function is defined as the
expected number of items needed in order to make a favor of one of
the two hypotheses. These two functions are examined theoretically
and analytically for simple and composite hypotheses. A sequential
probability ratio test for the composite hypothesis is found. The
main aim is to minimize the ASN function in order to find optimal
values for the item characteristics while holding the Type 1 and Type
2 errors constant.

It is proved theoretically that the OC function is a decreasing
function of θ and that the ASN function is a decreasing function of
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θ when θ ≥ θ0 +k. Further, it is proved theoretically that if we have
a sequential probability ratio test, the ASN function is decreasing
in a if θ0 ≤ b ≤ θ0 + k but increasing otherwise. Further, the ASN
function is increasing in c, and minimized if b is close to, but smaller
than θ0 + k. This last conclusion is interesting since it differs from
the results in paper I, where tests with a fixed number of items are
examined. In paper I a different expression for the value of b is
suggested.

Finally, an efficiency study shows that the ASN function increases
if we use items with non-optimal item characteristics as opposed to
if we use items with optimal item characteristics. How much the
ASN function increases depends on how far the item characteristics
are from their optimal values.

3.3 Sequential computerized mastery tests - three sim-
ulation studies (Paper III)

In the third paper, three simulation studies of a sequential comput-
erized mastery test are carried out. 10 000 simulated examinees are
used at each value of θ. θ is assumed to be standardized around
zero and is varied systematically over the interval (−2, 2) with in-
crement 0.01. The aim is to study how the sequential asymptotic
theory works when we have a finite test. This means that instead
of assuming that the examinees’ responses are iid as in paper II,
the examinees’ responses are varied in three ways. They are either
identically distributed, not identically distributed, or not identically
distributed together with estimation errors in the item characteris-
tics. The results indicate that the derived asymptotic results from
paper II hold reasonably well in finite tests. All three simulation
studies show a significant difference between the theoretical and the
observed OC functions at θ0 and θ0 + k. The observed values of the
OC function at θ0 are smaller than the theoretical value, which sug-
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gests that we have a stronger test than stated by the Wald’s (1947)
approximation formula for the OC function. When the examinees’
responses are not identically distributed a conservative test is ob-
tained, since all observed values of the OC function at θ0 + k are
larger than the theoretical value.

Clearly, the mean number of items is largest when θ ∈ (θ0, θ0+k).
In general, the mean number of items is larger when the examinees
responses are not identically distributed compared to when they are
identically distributed. When estimated values are used for the item
discrimination and item difficulty, the mean number of items and
standard deviation are much larger. The distribution of test length
has a larger variance when the examinees responses are not identi-
cally distributed. An interesting observation is that the coefficient
of variation is almost identical in all three simulation studies.

3.4 Estimation of try-out item parameters in comput-
erized achievement tests (Paper IV)

The fourth paper examines computerized tests that consist of both
pretested items with known item parameters, and try-out items with
unknown item parameters. In this paper item parameters only refers
to item difficulty and item discrimination. The aim is to estimate
the item parameters and the variances of the item parameter estima-
tors. The idea is to use the information from the pretested items in
order to estimate the unknown item parameters in the try-out items.
However, since the examinee’s abilities are unknown they may act
as nuisance parameters. The joint maximum likelihood function is
not possible to factorize such that the examinees abilities will be in
a single factor. Therefore, the joint maximum likelihood function is
maximized. It is shown that the abilities will have an impact on the
estimation of the item parameters and that the already pretested
items give information to the unknown item parameters.
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The asymptotic variance of the item parameter estimators are
estimated, where the influence of the unknown abilities are taken
into account. The most commonly used covariance matrix is a sim-
plification and is questioned in the light of the asymptotic covariance
matrix. A brief example illustrates that if the asymptotic variance
is used it can be as much as three times larger than if the more com-
monly used variance formula is used. This is probably due to the
fact that the examinees unknown abilities influence the variance.

4 Conclusions and further research

This dissertation contains some conclusions about computerized achieve-
ment tests. In paper I and II it were shown analytically for both
sequential and fixed length tests which item characteristics that are
optimal. Paper III illustrated that the sequential theory can be used
in practice even if we have estimation errors although the test length
will be a little longer than if we do not have estimation errors. In
paper IV it was concluded that we need to take into account that the
abilities influence the estimation of the item parameters. Further,
the variance of the item parameters estimator will be larger if the
unknown abilities are taken into account.

Although some answers are given to some questions about com-
puterized achivement test, there still remain some unanswered ques-
tions. For example, paper I and paper IV gave rise to the question
of which are the true optimal item characteristics. In paper I it was
concluded that we should use the same kind of optimal items in a
test. However, if we want to try out new items and estimate the
item parameters is this still true? Or do we need to use items with
different item characteristics in order to obtain good estimates of the
unknown item parameters? One approach to answer this question
could be to analytically examine the variance formula for the item
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parameters estimator. Another question that rose from paper IV is
if it is possible to get a better estimation of the item parameters if
other optimization routines are used.

Finally, I have used the SDLT as an example throughout this
dissertation. Working with a real test gave rise to the question of
how these results should be implemented in practice. For exam-
ple, how do we create optimal items with difficulty near the cut-off
score? To solve this problem the pretesting procedure must be a
living procedure that is constantly updated with new information.
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