IGI PUBLISHING

ITJ4122

701 E. Chocolate Avenue, Suite 200, Hershey PA 17033-1240, USA
Int. J. of Web-Based Learning and Teaching Technologies, 3(1), 13-20, January-March 2008 13
Tel: 717/533-8845; Fax 717/533-8661; URL-http://www.igi-global.com
This paper appears in the publication, International Journal of Web-Based Learning and Teaching Technologies, Volume 3, Issue 1
edited by Liliane Esnault © 2008, IGI Global

CaT-MD:

Computerized adaptive Testing on Mobile
Devices
Evangelos Triantafillou, Center of Educational Technology, Greece
Elissavet Georgiadou, Center of Educational Technology, Greece
Anastasios A. Economides, University of Macedonia, Greece

absTraCT
In the last decade, the use of different mobile products such as mobile phones and personal digital assistant (PDA) devices has increased rapidly. In parallel, the use of computerized adaptive testing (CAT) has
expanded mainly due to the advancements in communication and information technology. The introduction
of mobiles devices into the learning pedagogy can complement e-learning and e-testing by creating an additional channel of assessment with mobile devices. Although mobile computing has become an important and
interesting research issue, little research has been done on the implementation of CAT using mobile devices.
The current study describes the design issues that were considered for the development and the implementation of a CAT on mobile devices, CAT-MD (computerized adaptive testing on mobile devices).
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CoMPUTErIZED aDaPTIVE
TEsTING

In recent years, computer-based testing (CBT)
has been widely used in education and training
as there are a number of perceived benefits in
using computers for assessing performance,
such as (a) large numbers can be marked quickly
and accurately, (b) students’ responses can be
monitored, (c) assessment can be offered in an
open-access environment, (d) assessments can
be stored and reused, (e) immediate feedback
can be given, and (f) assessment items can be
randomly selected to provide a different paper

to each student (Harvey & Mogey, 1999).
Moreover, another benefit of CBT would be
its ability to bring the assessment environment
closer to the learning environment. Software
tools and Web-based sources are frequently
used to support the learning process, so it seems
reasonable to use similar computer-based technologies in the assessment process (Baklavas,
Economides, & Roumeliotis, 1999; Lilley &
Barker, 2002).
Most types of CBT are based on fixedlength computerized assessment that presents
the same number of items to each examinee in
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a specified order; the score usually depends on
the number of items answered correctly, giving little or no attention to the ability of each
individual examinee. However, in computerized adaptive testing (CAT), a special case of
computer-based testing, each examinee takes a
unique test that is tailored to his or her ability
level. As an alternative to giving each examinee
the same fixed test, CAT item selection adapts to
the ability level of individual examinees; after
each response, the ability estimate is updated
and the next item is selected to have optimal
properties at the new estimate (van der Linden
& Glas, 2003). The CAT presents first an item
of moderate difficulty in order to initially assess
each individual’s level. During the test, each
answer is scored immediately. If the examinee
answers correctly, the test statistically estimates
her or his ability as higher and then presents
an item that matches this higher ability. The
opposite occurs if the item is answered incorrectly. The computer continuously reevaluates
the ability of the examinee until the accuracy
of the estimate reaches a statistically acceptable
level or when some limit is reached, such as a
maximum number of test items. The score is
determined from the level of difficulty, and as
a result, while all examinees may answer the
same percentage of questions correctly, the
high-ability ones will get a better score as they
answer correctly more difficult items.
Regardless of some disadvantages reported
in the literature—for example, the high cost of
development, item calibration, item exposure
(Boyd, 2003; Eggen, 2001), the effect of a
flawed item (Abdullah, 2003), or the use of
CAT for summative assessment (Lilley &
Barker, 2002)—CAT has several advantages.
Testing on demand can be facilitated so that
an examinee can take the test whenever and
wherever he or she is ready. Multiple media
can be used to create innovative item formats
and more realistic testing environments. Other
possible advantages are the flexibility of test
management, immediate availability of scores,
increased test security, increased motivation,
and so forth. However, the main advantage of
CAT over any other computerized test is effi-

ciency. Since fewer items are needed to achieve
a statistically acceptable level of accuracy,
significantly less time is needed to administer
a CAT compared to fixed-length computerized
testing (Linacre, 2000; Rudner, 1998).
Since the mid ’80s when the first CAT
systems became operational, that is, the Armed
Services Vocational Aptitude Battery for the
U.S. Department of Defense account (van der
Linden & Glas, 2003) using adaptive techniques to administer multiple-choice items,
much research and many technical challenges
have made new assessment tools possible. The
availability of advanced mobile technologies
have started to extend e-learning by creating an
additional channel of assessment with mobile
devices such as cell phones, personal digital
assistants (PDAs), and pocket PCs (personal
computers).

MobIlE lEarNING

In the last decade, the use of different mobile
products such as mobile phones and PDA devices has increased rapidly. Moreover, much
attention has been paid to mobile computing
within the information technology industry. The
availability of advanced mobile technologies,
such as high-bandwidth infrastructure, wireless
technologies, and handheld devices, has started
to extend e-learning toward mobile learning (mlearning; Sharples, 2000). M-learning intersects
mobile computing with e-learning; it combines
individualized (or personal) learning with anytime and anywhere learning. The advantages of
m-learning include flexibility, low cost, small
size, ease of use, and timely application (Jones
& Jo, 2004).
The introduction of mobile devices into
the learning pedagogy can complement elearning by creating an additional channel of
assessment with mobile devices such as PDAs,
mobile phones, and portable computers. Due to
their convenient size and reasonable computing power, mobile devices have emerged as a
potential platform for computer-based testing.
Although mobile computing has become an
important and interesting research issue, little
research has been done on the implementation of
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CAT using mobile devices and this is the focus
of our research. The current study is an attempt
to examine the design and development issues
that may be important in the implementation
of a CAT using mobile devises such as mobile
phones and PDAs. As a case study, an educational assessment prototype was developed,
called CAT-MD (computerized adaptive testing
on mobile devices), to support the assessment
procedure in the subject of Physics, which is
typically offered to second-grade students in
senior high school in Greece.

sYsTEM arCHITECTUrE

The prototype CAT-MD uses the item response
theory (IRT) as an underlying psychometric
theory, which is the base for many adaptive
assessment systems and depicts the relationship
between examinees and items through mathematical models (Hambleton, Swamination,
& Rogers, 1991; Lord, 1980; Wainer, 1990).
Psychometric theory is the psychological theory
or technique of mental measurement, which
is the base for understanding general testing
theory and methods. The central element of
IRT is mathematical functions that calculate
the probability of a specific examinee answering a particular item correctly. IRT is used to
estimate the student’s knowledge level in order
to determine the next item to be posed and to
decide when to finish the test.
In IRT-based CAT, as each student answers
a question, his or her response is evaluated as
being either correct or incorrect. The process of
displaying questions, evaluating responses, and
selecting the next question to be administered
based on the student’s latest estimated ability is repeated until a stopping rule has been
reached or a certain number of questions has
been administered, whichever happens first.
There are four main components needed for
developing IRT-based CAT: the item pool, the
item selection procedure, the ability estimation,
and the stopping rule (Dodd, De Ayala, & Koch,
1995). The following sections describe these
components of the CAT-MD system.

Item Pool

The most important element of a CAT is the
item pool, which is a collection of test items that
includes a full range of levels of proficiency, and
from which varying sets of items are presented
to the examinees. The success of any CAT program is largely dependent on the quality of the
item pool that can be conceptualized according
to two basic criteria: (a) The total number of
items in the pool must be sufficient to supply
informative items throughout a testing session,
and (b) the items in the pool must have characteristics that provide adequate information at
the proficiency levels that are of greatest interest to the test developer. The second criterion
mainly suggests that at all important levels of
proficiency, there are sufficient numbers of items
whose difficulty parameters provide valuable
information. Therefore, a high-quality item
pool will include sufficient numbers of useful
items that allow efficient, informative testing at
important levels of proficiency (Wise, 1997).
The item parameters included in the pool
are dependent upon the IRT model selected
to model the data and to measure the examinees’ ability levels. In IRT-based CAT, the
difficulty of an item describes where the item
functions along the ability scale. For example,
an easy item functions among the low-ability
examinees and a hard item functions among
the high-ability examinees; thus, difficulty is
a location index.
An ideal item pool needs many items,
best spread evenly over the possible range of
difficulty. In our approach, CAT-MD includes
a database that contains 80 items related to the
chapter “Electricity” from the Physics subject.
For every item, the item pool includes the
item’s text, details on the correct answer, and
the difficulty level. The difficulty level varies
from very easy to very hard, and the values used
cover the range between -2 and +2.

Item selection

Two common classes of IRT models are determined by the way items’ responses are scored.
Items with only two response options (correct
or incorrect) are modeled with the dichotomous
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IRT models. Items with more than two response
options can be modeled with polytomous IRT
models (Boyd, 2003). Our prototype CAT-MD
includes multiple-choice items and true-false
items. Since, these are examples of items that
can be scored dichotomously, CAT-MD is based
on a dichotomous IRT model.
The main aspect of IRT is the item characteristic curve (ICC; Baker, 2001). ICC is
an exponential function that expresses the
probability of a learner with certain skill level
correctly answering a question of a certain
difficulty level. ICC is a cumulative distribution function with a discrete probability. The
models most commonly used as ICC functions
are the family of logistics models of one, two,
and three parameters.
The one-parameter logistic (1PL), or Rasch
model, is the simplest IRT model. The Danish
mathematician Georg Rasch first published
the one-parameter logistic model in the 1960s
and as its name implies, it assumes that only a
single item parameter is required to represent
the item response process. This item parameter
is termed difficulty and the equation for this
model is given by

P( ) =

1
1 + e -1(

-b )

(1)

where e is the constant 2.718, b is the difficulty
parameter, and θ is an ability level.
In CAT-MD, as each student answers a
question, his or her response is evaluated as
being either correct or incorrect. In the event
of a correct response, the probability P(θ)
is estimated applying the formula shown in
Equation 1. Otherwise, the function Q(θ)=1P(θ) is used.
The item information function (IIF) is also
considered an important value in the IRT’s item
selection process. It gives information about
the item to be presented to the learner in an
adaptive assessment. For selecting a question
appropriate for the learner, IIF for all the questions in the assessment should be calculated
and the question with the highest value of IIF
is presented to the learner. This provides more

information about the learner’s ability and is
given by the equation:
Ii(q) = Pi(q)(1-Pi(q))

(2)

where Pi(θ) is the probability of a correct response to item i conditioned on ability θ (Baker,
2001; Lord, 1980).

ability Estimation

After each item is administered and scored, an
interim estimate of the examinee’s ability (θ) is
calculated and used by the item selection procedure to select the next item. The most commonly
used estimation procedure is maximum likelihood estimation (MLE; Lord, 1980). Similar to
the item parameter estimation, this procedure
is an iterative process. It begins with some a
priori value for the ability of the examinee. In
CAT-MD, it begins with θ=1. The estimation
calculation approach is the modification of the
Newton-Raphson iterative method for solving
equations outlined by Lord. The estimation
equation used is shown below:
n

n +1

=

n

+

∑S (

n)

∑I (

n

i =1
n

i =1

i

i

(3)

)

where

Si ( ) = [ui - Pi ( )]

Pi ′( )
Pi ( )[1 - Pi ( )]
(4)

where θ is the skill level after n questions,
ui=1 if the response is correct, and ui=0 for the
incorrect response.

stopping rule

One important characteristic of CAT is the test
termination criterion. The termination criterion
is generally based on the accuracy with which
the examinees’ ability has been assessed. In
most CATs, the termination of the test may be
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based on the number of items administered, the
precision of measurement, or a combination of
both (Boyd, 2003). Measurement precision is
usually assessed based on error associated with
a given ability. The standard error associated
with a given ability is calculated by summing the
values of the IIF at the candidate’s ability level
to obtain the test information. Test information,
TI(θ), is given by the equation:
N

TI ( ) = ∑ I i ( )
i =1

(5)

Next, the standard error is calculated by
using the equation:
SE ( ) =

1
ΤΙ( )

(6)

After each administration of an item, the
standard error associated with a given ability is
calculated to determine whether a new item must
be selected or whether the administration of the
test can be terminated. It is common in practice to

design CAT so that the standard errors are about
0.33 or smaller (Rudner, 1998). In CAT-MD,
the test terminates for each examinee when the
standard error associated with a given ability (θ)
is less than 0.30 or when the maximum number
(20) of items has been administered.

sYsTEM IMPlEMENTaTIoN

Currently, the basic architecture of the system
has been implemented. The prototype software
has been developed using Macromedia Flash as
it offers competitive advantages. It is a lightweight, cross-platform run time program that
can be used not just for enterprise applications,
but also for communications and mobile applications. According to Macromedia Company,
98% of all Internet-enabled computers and 30
million mobile devices use the Flash technology (http://www.macromedia.com). To
date, many manufacturers license Macromedia
Flash on their branded consumer electronics
devices, such as mobile phones, portable media
players, PDAs, and so forth. These licensees

Figure 1. Interface of CAT-MD
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include leading mobile device manufacturers
such as Nokia, Samsung, Motorola, and Sony
Ericsson.
Figure 1 presents a screenshot of the implementation of CAT-MD on a PDA. Moreover,
the CAT-MD is portable to any device that has
installed the Macromedia stand-alone Flash
player. In addition, if a Macromedia plug-in for
the Web browser (Internet Explorer, Mozilla,
etc.) is installed, CAT-MD can also be accessed
as a Flash Shockwave film.
Figure 2 illustrates how a test item is presented to an examinee within the prototype. Each
question has four multiple-choice answers and
the user can select the correct one by clicking
the corresponding button. The system responds
immediately, indicating whether the selected
answer is correct or not. The user cannot alter
his or her selection as this is not permitted
from the CAT architecture. Every time, the test
statistically estimates the user’s ability based
on the answer given and then presents an item
that matches this new ability. At the lower
right corner of the screen, there is a button that
becomes active whenever the user completes
the selection in each item. As a result, the user

Figure 2. Screenshot of CAT-MD

cannot omit any item as this would conflict with
the item selection algorithm.
Furthermore, at the lower left corner of
the screen, a number appears that corresponds
to the total number of the items that the user
has already answered. The user does not know
when the test will terminate, however, it is
considered useful to display the total number
of answered items.

sUMMarY

This article describes the design and development of CAT-MD, a prototype CAT on mobile
devices such as PDAs. Currently, the basic architecture of the system has been implemented.
The prototype uses IRT as an underlying psychometric theory. Four main components are
developed within the prototype: the item pool,
the item selection procedure, the ability estimation, and the stopping rule. Further research is
in progress concerning the evaluation in order
to investigate the effectiveness and efficiency
of the system and also to assess its usability
and appeal.
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