UNIVERSITY OF SZEGED
FACULTY OF ARTS
DOCTORAL SCHOOL OF EDUCATION
INFORMATION AND COMMUNICATION TECHNOLOGIES IN EDUCATION

ANDREA MAGYAR

COMPARING THE MEASUREMENT EFFECTIVENESS OF COMPUTER-BASED LINEAR
AND ADAPTIVE TESTS

DISSERTATION THESES

SUPERVISOR:
GYONGYVER MOLNAR, PHD, HABIL., ASSOCIATE PROFESSOR

e
5° ",
& K
g <
F 2
= Z
z Z
- «
&, -
C}\ &
7)/ 77 .\'_C‘*
UDOMANY

SZEGED
2015



INTRODUCTION

By the end of the 20 century, the most accepted and widespread paper-and-pencil tests (PP)
had faced an increasing number of limits and the different opportunities of paper-based tests had
gradually been exhausted (Molndr & Magyar, 2015). To proceed and to satisfy the needs in
measurement and evaluation of the 21% century, a basic and qualitative change is required
(Scheuermann & Pereira, 2008; Beller, 2013). The rapid development of technology clearly points the
way forward to the transition to computer-based testing (Scheuermann & Bjérnsson, 2009; Molnar,
2010; Csapo, Ainley, Bennett, Latour & Law, 2012), which offers a wide range of new opportunities
compared to paper-based testing, for example, a more motivating environment (Thompson &
Pometric, 2007), the possibility of immediate evaluation (Wang, 2010), the display of innovative,
multimedia elements with dynamically changing items (Greiff, Wiistenberg & Funke, 2012) and the
implementation of personalized, adaptive testing methods (Eggen & Straetmans, 2000).

In the administration of computerized adaptive tests (CAT; Weiss, 2011), the order of the items
is not predetermined in a fixed sequence; they are selected from an item pool such that the selected
items are matched to the ability level of the individual based on his or her performance on items
presented previously. For example, in the case of item-level adaptivity, if the student is able to
complete the item correctly, a more difficult item is administered in the following step; if not, then
he/she is provided with an easier one. By applying this algorithm to the whole test, a certain ability
level can be assigned to each student at the end of the testing process. At that level, there is a high
probability of his/her being able to complete the easier items correctly and the more difficult items
incorrectly.

This type of administration and test assembly method facilitates much more precise
performance measurement than the traditional linear approach, in which the items and the orders of
the items are identical for everyone (Linacre, 2000; Magyar & Molnar, 2013). The available amount of
information about items and individuals significantly increases (Miller, 2013; Magyar & Molnar, 2013).
The probability that the individuals receive the same items in the same order becomes negligible, thus
increasing test security (Wainer, 2000). All these properties create new opportunities in the field of
measurement and evaluation. If we do not strive to extract extra information from the test, the
number of items administered or the length of the test (Thompson & Way, 2007) decreases; in parallel,
testing time is also reduced to a considerable extent—by half, on average (Frey & Seitz, 2009; Frey,
Seitz & Krohne, 2011).

We are currently in a transition phase; comparative studies between the traditional linear
method and adaptive testing are therefore justified. They play a prominent role in longitudinal studies,
where the results from earlier paper-based tests are compared to those from computer-based tests as
well as comparing results when the two types of media testing are administered alternatively and
simultaneously.

During the transition from traditional testing to adaptive testing comparative, a number of
analyses of the two forms of tests have been conducted (Al-A’ali, 2007; Brossman & Guille, 2014;
Crotts, Zenisky, Sireci & Li, 2013; Frey, Seitz & Krohne, 2011; Guille, Becker, Zhu, Zhang, Song &Sun,
2011; Hambleton & Xing, 2006; Jodoin, Zenisky & Hambleton, 2006; Kingsbury & Hauser, 2004; Olea,
Revuelta, Ximénez & Abad, 2000; Pyper & Lilley, 2010; Rotou, Patsula, Manfred & Rizavi, 2003;
Thompson & Way, 2007; Vispoel, Hendrickson & Bleiler, 2000; Zheng, 2012). However, simulated
databases have been used for most of the investigations. Empirical researches have mainly been
conducted among university students; moreover, they were pilot studies with small samples.

The research presented here attempts to fill this gap. The main aim of the research is to
examine the effectiveness of traditional linear testing in a comparison of linear testing modes among
students in grades 1-8. The research mainly focuses on the technical characteristics of the adaptive
testing process and the development, implementation and operation of computer adaptive testing
(CAT) and considers its potential benefits among primary school age children.



THEORETICAL SOURCES FOR THE DISSERTATION

Adaptive tests operate according to a strict algorithm (Linacre, 2000; Magyar, 2013). At the
beginning of the test, an initial item/module is selected from the pool. If preliminary information is
available about the examinee, then it is used during the selection. If not, then one or more items are
randomly selected from the item pool or its subset. The testing process usually starts with a medium-
difficulty item. On an item-based test, a new item is selected after the first item is completed. If the
answer is right, a more difficult item is presented; if not, an easier one follows. The program algorithm
ensures that each subsequent item is matched to the individual’s ability level. The items are delivered,
scored and evaluated, and the program calculates if it is necessary to select a new item or if the test
has ended. At the end of the testing, one can receive immediate feedback on the results achieved
(Csapd, Molnar & R. Téth, 2008; Eggen, 2004). CAT is thus dynamic, personalized and adapted to the
level of the individual. The students do not begin with the same items, each student can receive
different subsets of items, and they can receive different numbers of items from the item pool. The
difficulty of the test is adjusted to the students’ ability level as the test is being administered (Weiss,
2011).

A great variety of different forms of adaptive test models has been developed (van der Linden,
2008); they primarily differ with regard to the level at which the adaptivity occurs. Starting from item-
based tests towards subtest-based multi-stage tests, all of them have the same basic structure in
principle. Item-based adaptive tests have a number of advantages, but also disadvantages and
limitations. With most item-based adaptive tests, there is no option for item review. Due to the
random item administration, the previous item can provide information for the subsequent item, and
the location of the items can also affect the answer; that is, the same item can be easier or more
difficult, depending on its position in the test (Wainer & Kiely, 1987; Wainer, 2000; Linacre, 2000).

The problems that arise from the item-based CAT approach to testing may be overcome
through the application of an alternative model, the multi-stage test (MST; Magyar, 2013), which
combines characteristics of both the traditional linear and adaptive tests, because it adapts the items
to the ability of the students like CAT and also provides an opportunity for the predetermination of the
item order like PP tests (Armstrong, Jones, Koppel & Pashley, 2004; 2008; Molnar, 2013). In terms of
their structure, they are halfway between the traditional linear and the item-based adaptive tests
(Jodoin, Zenisky & Hambleton, 2006; Patsula, 1999; Zheng, 2012). During the test administration, short
fixed subtests (modules) are provided in several stages, instead of items. A test consists of two modules
at least. A stage comprises two or more modules, which differ in their difficulty levels. When the
student finishes a module, his/her ability level is assessed; he/she is thus administered a more difficult
or easier module in the next phase (Zenisky, Hambleton & Luecht, 2010).

The MST allows for a great variety in terms of the number of stages, modules and items on the
test (Davis, 2005; Yan, von Davier & Lewis, 2014). The number of stages mainly influences the
complexity of the test. The greater the number of stages, the greater the possibility of creating more
possible routes and test versions. However, when the number of stages is increased, test
administration becomes more complicated without the proportional increase of measurement
precision (Armstrong et al., 2004; Hendrickson, 2007). Taking this into consideration, the most
widespread forms are the 2-4-stage tests (Zenisky, Hambleton & Luecht, 2010).

The numbers of modules can have a variable number within a stage. Generally, a particular
test starts with a single module, and thereafter modules at a particular stage number three to five
(Patsula, 1999). However, to achieve the appropriate precision, three or four modules are sufficient at
a certain stage (Armstrong et al, 2004).

During the testing process, students are administered easier or more difficult modules in the
next phase on the basis of their performance. At the routing points, the algorithm used determines
how the students are assigned to the various difficulty modules (Zenisky & Hambleton, 2004;
Armstrong, 2002; Zenisky, Hambleton & Luecht, 2010).

The routing rules are closely related to the scoring of the modules and the complete test. As
can be seen in the routing rules, when a student finishes a module, his/her ability level is estimated.
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Often estimated ability levels are converted into number correct (NC) scores by the algorithm (Keng,
2008; Yan, von Davier & Lewis, 2014). Although NC scoring is sufficient for the scoring of the modules,
it is not suitable for the whole test, as students are administered different test versions with various
difficulties (Zenisky, Hambleton & Luecht, 2010). Therefore, the same methods are applied to score
the whole test as are used for the item-based adaptive tests, using item response theory (Keng, 2008).

If we compare the multi-stage and item-based adaptive tests, the multi-stage tests have a
number of advantages over the item-based tests (Magyar & Molnar, 2013). The modules can be
designed and constructed in advance; greater control can therefore be ensured for test administration.
Cross information among items can thus be eliminated (Hendrickson, 2007). Their use is particularly
advantageous in the case of content restrictions (Hendrickson, 2007). Further important advantages
include students enjoying opportunities for item review and correction (Zheng, 2012). As adaptivity is
only achieved between modules, the test algorithm is not influenced and the students are motivated
to score higher points (Vispoel, Hendrickson & Bleiler, 2000). Comparing the item-based tests, less
administration and computer-based calculation are required (Hendrickson, 2007; Zheng, 2012).

However, Hendrickson (2007) emphasizes that multi-stage tests also have some shortcomings.
More items are usually required to achieve the same precision as item-based tests. Test construction
involves more work, as it calls for item effects to be examined in addition to the items themselves.
With two-stage tests, the students’ ability level may easily be estimated with greater error on the
routing test. A further disadvantage is that the test can only terminate at the end of a certain module;
the test is thus less flexible than item-based tests (Zheng, 2012). In spite of these disadvantages, the
MST represents a balance with regard to accuracy, adaptivity, usability and control over the items
(zenisky, Hambleton & Luecht, 2010).

As long as there are several versions of a test, it is essential that the scores from the different
versions be comparable to each other. This is particularly crucial in the case of longitudinal research or
when the two testing modes are applied alternatively and in parallel (Way, Davis & Fitzpatrick, 2006;
Paek, 2005). Professional testing standards (APA, 1986; AERA, APA & NCME, 1999; Wang, Wang, Jiao,
Young, Brooks & Olson, 2008) also stress the importance of the comparability of scores achieved in
different mediums.

The main focus of comparative studies is to compare the measurement precisions of the tests
and to explore the impact of the transition to adaptive testing on the testing process (time and number
of items) and on students’ results.

Comparing adaptive and paper-based tests poses a great challenge (Wang and Kolen, 2001).
As students are administered tailored tests, there may be differences in the content of the items, the
situation, the difficulties of the items and their scoring. These factors can influence comparability
significantly, and, as with the media effect, it is recommended that this be taken into account (Wang
& Kolen, 2001; Kolen, 1999-2000). Wang and Kolen (2001) point out that in order for a CAT version to
be comparable with its paper version there are strong limits on CAT as developers cannot take
advantage of all the opportunities provided by computers during test development. However, today
we are in a phase of transition from paper-based to computer-based testing, and there is a great need
for comparability studies to ascertain trends; these researches are therefore especially justified (Wang
and Kolen, 2001; Pasztor-Kovacs, Magyar, Hilber, Pasztor & Tongori, 2013; Wan, Keng, McClarty &
Davis, 2009).

Among the researches, many of them have investigated different constructions of MSTs. A
variety of types have been applied depending on the content of the tests, the size of the item pool and
other psychometric properties. In most cases, the testing process started with a medium-difficulty
module and branched into 2—-5 with the application of 2—6 stages. The increase of the numbers of
modules regularly increased the measurement precision of the test. In most of the research, more than
two stages were suggested because the incorrect classification of students can thus be minimized, as
the differences can be eliminated at the latter stages. However, it is not recommended that too many
stages be used, because the length of the test increases without the growth of measurement precision.
Among the often used types are the 1-3 (Rotou et al, 2003), 1-2-3-4, 1-2-4 (Zheng, 2012), 1-3-3 (Keng,
2008), 1-2-2, 1-3-3, 1-2-3, 1-3-2 (Jodoin, Zenisky & Hambleton, 2006), 5-5-5-5-5-5 (Crotts et al, 2013)
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and 1-3-3-3-3 (Brossman & Guille, 2014) structure MSTs. In several studies, if the pool size was suitable,
more equivalent test versions or modules were applied in order to enhance test security, which were
administered in random order.

In the first comparability studies, classical test theories were applied (ANOVA analysis,
comparing the means; Vispoel, Hendrickson & Bleiler, 2000; Olea et al., 2000); however, the use of
item response theories later became common, in particular the comparison of item and test
information. The main indicators of the measurement precision of a test are the reliability and the
standard error (SE). In the case of simulation studies, an often used index is the correlation of true
scores and estimated scores, the RMSE (Root Mean Square Error) and the AAD (Average Absolute
Difference) indices, which show the differences between the true and estimated scores (Keng, 2008).

The studies confirm the assumption that more accurate ability estimates can be obtained with
adaptive testing models compared to traditional linear test designs. The testing time is reduced, and
fewer items are sufficient. Adaptive designs cover more information at every ability level, and the
standard error is also significantly reduced. According to most studies, the measurement precision of
the MST design is somewhat lower than that of the item-based or testlet-based adaptive design;
however, the higher control during test development makes this test form beneficial. This is the main
reason why this test construction is used most often during the transition period.

THE RATIONALE BEHIND THE EMPIRICAL STUDIES

AIMS

The main aim of the research is to examine the effectiveness of the adaptive testing method
in comparison with linear test performance among students in grades 1-8 in large-scale
measurements. Further aims are:

(1) To convert a previously paper-based test into an online form;

(2) To develop a linear and an adaptive test system that can be used in a classroom
environment;

(3) To compare the measurement precision of adaptive and linear tests;

(4) To compare the ability levels within grade and at the individual level;

(5) To compare the rate of correct answers in the two kinds of test environment;

(6) To characterise the difficulty levels of the different items and modules administered with
the adaptive method;

(7) To compare the amounts of information extracted from linear and adaptive tests as well
as their standard errors.

RESEARCH QUESTIONS

Based on the outlined objectives, the following research questions were asked:

(1) Can paper-and-pencil-based tests be converted into an online test format?

(2) Is it possible to develop an adaptive testing system from the converted items that can be
applied reliably in a classroom environment?

(3) Are adaptive tests more precise than linear tests?

(4) Are there any differences between the estimated scores on the adaptive and linear tests
within grade or at the individual level?

(5) What is the proportion of correct answers achieved by the student in the two test
environments?

(6) Which difficulty level items/subtests occur most often?

(7) What amount of measurement errors and information can be obtained from the two test
environments?



HYPOTHESES

(1) The paper-based test can be converted into multi-stage adaptive test systems;

(2) Adaptive test systems can effectively and reliably be applied for the diagnostic
measurement of 158" graders;

(3) The adaptive system facilitates a more precise ability measurement;

(4) There are no significant differences between the calculated ability levels in the adaptive
and linear testing methods;

(5) In the case of adaptive testing, the proportion of right answers is higher for the lower
ability student in the lower ability section, and vice versa for the higher ability sections;
namely, the proportion of right answers is lower for the high ability students on the
adaptive test than on the linear version;

(6) The majority of students are at the average ability level; therefore, in the case of the
adaptive testing method, the medium-level items/modules are administered the most
frequently;

(7) In the case of adaptive testing, the calculated information is significantly higher at every
ability level; in contrast, standard errors are significantly lower than with the linear testing
method.

THE PROCESS OF THE INVESTIGATION

The investigation was conducted between 2012 and 2014 in several parts through large-scale
tests and pilot measurements. Three pilot measurements and two large-scale measurements were
conducted, for which the tests were assembled from different competence measurement tests. The
first pilot measurement was carried out through an inductive reasoning test; in the second pilot
measurement, problem-solving ability was investigated. The third measurement was conducted with
a word reading skills measurement test system, which was tested first in a pilot measurement and then
in a large-scale measurement.

During the two pilot measurements (inductive reasoning and problem-solving), the paper-
based parameters were used for the composition of the adaptive test versions. In the case of word
reading measurement, however, a separate large-scale measurement was conducted to calibrate the
parameters of the items. The large sample measurement was carried out with these parameters. To
ensure the comparison of the tests with each other, a linear test version was developed in each case.
The adaptive test versions were multi-stage tests in different structures depending on the size and
composition of the selected item pool.

INTRODUCING THE MEASUREMENT INSTRUMENTS

The measurement tests that were used are suitable for measuring skills or skill areas; they play
a major role in primary school students’ skills and ability development. All three instruments were
originally developed for paper-and-pencil-based testing, and they have been used for large-scale
measurements a number of times. During these measurements, these tests have worked very reliably;
the reliability index of each test was over 0.80 (Cronbach’s alpha). The items were parametrized on the
basis of these measurements. The difficulty indices of the test parameters covered the whole range of
the ability scale, so these parameters were used during the small-scale measurements. Another reason
for the choice of these tests was that they contained an appropriate number of items to develop the
item bank for the adaptive tests. Another important aspect was that it was possible to convert the
items into a computer format with only a slight modification, so the media effect did not significantly
affect the validity of the tests.

During the conversion of the inductive reasoning and problem-solving ability tests, the
originally paper-based parameters were used. In order to increase the measurement precision for the
word reading test, online parametrization was carried out for all the items in the entire item pool, and
this parametrized item pool was used for the development of the adaptive pilot and for the large-scale
measurement. The 1-3-3-3 MST structure was used for the inductive reasoning test, and the 1-2-3
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structure was applied for the problem-solving measurement test, as these structures were the most
appropriate forms according to the literature. For the third study, in relation to the word reading skills
measurement, a more complicated structure was preferred because of the large item pool size and
the original test structure. Thus, in this case the 1-4-5-5 structure MST was chosen.

CRITERIA FOR ASSEMBLING THE SAMPLES

The research aims to investigate the possibilities for adaptive testing methods among primary
school students. Therefore, given the options of the available tests, an attempt was made to involve
the greatest range of the age groups studied. As was shown, the tests proved to be suitable within the
broad age limits for ability measurements, so it was possible to extend the measurements for the
upper and lower age range. In the measurements, a total of 8165 students took part among primary
school grades 1-8. The inductive reasoning and problem-solving tests were used among 5"-8t"
graders. The word reading test was applied among the elementary school ages. A narrower age interval
was chosen for the large-scale investigation: the 4"—5™ graders were selected in order to eliminate the
differences in age development.

DATA COLLECTION

In all cases, the tests were prepared and administered with the eDia system. The students
completed the tests in their own school through the schools’ internet network. In each case, the
measurement process took place for one lesson (45 minutes). The teachers received detailed
measurement training with a detailed description of the measurement process. Each student had to
complete two test versions. In the first phase, they were randomly administered a linear or adaptive
test; in the second phase, reverse test administration occurred. Those who received the linear test in
the first phase were provided an adaptive version, and vice versa. There was a minimum of two weeks’
time and a maximum of four weeks left between the two phases. At the end of the measurement, the
system provided feedback on the students’ performance. In the case of the linear test, the students’
results were indicated by the percentage they reached on the test; in the case of the adaptive tests,
however, ability scores were computed by the program.

DATA ANALYSIS

During the data analysis, the focus was on the examination of the technical operations of the
tests, as the main aim of the research was to compare the items and their characteristics in the two
types of test environments. The analyses were carried out based on classical test theory methods and
with the application of item response theory. The classical test theory analyses were carried out with
the SPSS program; the modern test theory analyses were performed with ConQuest. Item response
theory made it possible to bring all of the items on one scale, called the ability scale, and this facilitated
an independent analysis from the population on a probabilistic basis. The analyses were performed
with the use of the partial credit model. The items were parametrized with the one-parameter Rasch
model (Rasch, 1960). The estimated ability points were transformed to an average of 500 points and a
standard deviation on a 100-point scale. Although both abilities and skills were estimated during the
research, ability scale is the widespread term based on probability test theory, so the current term was
not changed.

To determine the measurement accuracies of the tests, the reliability index, Cronbach’s alpha,
was used. Cronbach’s alpha, however, can only be calculated when all the individuals participating in
the testing process complete all the items, so there is no missing data. In the case of adaptive tests,
however, the students complete only a subset of the item bank; hence Cronbach’s alpha cannot be
calculated. Therefore, the WLE person separation reliability was calculated to characterise the
reliability of adaptive tests, which can be computed with item response theory and always provides a
lower value than Cronbach’s alpha (Linacre, 1997; Clauser & Linacre, 1999). Additional indicators of
the measurement accuracy of the tests include the amounts of information and the standard error
(Weiss, 2013), which were also calculated with the Rasch model. The test information curves



characterise the test information by using the differences between the average-ability levels of the
students and levels of difficulties of the test items that they complete. The amount of extracted
information was considered maximum if the difficulty levels of the tests and the ability levels of the
students were the same. The further away these values were from each other, the less information
was obtained during the testing process.

Since each student completed both test versions, it was possible to make an individual-level
comparison of the estimated ability levels and the percentage of correct answers. The relationships
between the variables were examined with correlations. The significance levels of differences were
determined with paired t-tests and analysis of variance (ANOVA). The effect size (Cohen’s d; Cohen,
1988) was used to characterise the differences of the two tests.

RESULTS AND DISCUSSION

Based on the first pilot study, the reliabilities of the tests were suitable for measuring the
inductive reasoning abilities of the young students. The person separation reliability of the adaptive
version (0.85) was higher than the Cronbach’s alpha indicator of the linear version (.83). The students’
results on the adaptive and linear versions correlated highly (r=.82, p<.01); with regard to the grades,
there were only significant differences between the two test forms among the results for the 8"
graders. The lower-grade students’ results did not differ significantly in the different test
environments. Among the 17 test versions of the adaptive test, six of the routes occurred in the largest
proportion; among those, the proportion of the average difficulty modules was the highest. Since the
majority of students were of average ability, this corresponds to the expected rate. During the testing
process, the students with the lower and higher abilities were clearly separated, and by the end of the
test the students were divided into about the same proportion among the three ability zones.

The information extracted from the whole test was significantly higher, and a more accurate
ability level measurement was achieved with the adaptive algorithm. Comparing the amount of the
information extracted, the linear test provided an average 60 percent information rate; on the
adaptive version, the average amount was 76 percent. Comparing the differences at individual levels,
the difference was particularly significant in the low and high ability sections: nearly 34 percent in the
lower section, and nearly 24 percent in the higher section. The standard error also decreased in the
adaptive test algorithm.

Based on the second study, the reliabilities for both tests were acceptable; however, the
adaptive version had a higher result (.83) than the linear version (.80), indicating a more accurate
measurement precision of the adaptive system. The students’ results in the two kinds of testing
environment correlated highly (r=.71), and, according to the t-test, there were no significant
differences between the results in the different testing modes (t=-.03, p=.98). Based on the grade-level
analysis, there were also no significant differences between the results in the two systems. The study
also compared the proportions of correct answers in the different testing modes. The comparison
showed that, except for the eighth grade, each grade had a higher number of correct answers in the
adaptive test environment than on the linear test. According to the ability levels, the number of correct
answers increased with the rise of the skill level, but students below the average produced more
correct answers on the adaptive test than on the linear test. For students of high ability, it showed the
reverse; on the linear test, they produced a lower rate of correct answers. The six modules on the
adaptive test provided an opportunity for a total of four different test versions. Slightly more than half
of the students progressed on the route of the easy modules, and nearly half of the sample ended with
the easy modules. Comparing the subtests at the individual level, the advantage of adaptivity was
mainly manifested among the high ability students.

There was significantly more information available in the case of the adaptive version, and the
measure of standard error was consistently higher for the linear test. The advantage of the adaptive
test environment was significant in the higher ability range, as an average of 20-25 percent more
information was obtained here than on the linear test.



Based on the word reading skills measurements, the system worked correctly during the pilot
testing. In the case of the lower ability students, the typically easier clusters were administered during
the testing process, while the more difficult ones were administered to the higher ability students; the
amount of information obtained during the test thus gradually improved as each student received the
appropriate difficulty level items in the latter phases. With regard to the last two modules, the module
level did not change during the step from the third module to the fourth in the case of 31 students,
which is only one-fifth of the students, so it was definitely appropriate to apply the fourth sections.

According to the results of the tests, a more accurate estimation was accomplished in the case
of the adaptive system. The difficulty indices of the items covered the ability levels of the age group
under investigation, so the test was able to estimate the levels of their ability correctly. Dimensions of
the test closely correlated with each other; similarly, the two test results showed a strong correlation,
meaning there were no significant differences between the results obtained by the students in the two
kinds of testing environments. Comparing the rate of correct answers on the tests in the case of the
lower ability students, there was a higher percentage of correct answers in the low ability zones; in the
case of the higher levels, however, the number of correct answers was lower than it was for the linear
test. This shows that the adaptive allocation provided more motivation for the weaker students and a
challenge for students with high abilities.

As a significant number of students were of average ability, the medium difficulty section had
the highest frequency during test administration. However, in the third stage and even in the fourth,
the levels of difficulty changed for many students, thus justifying the need for five different difficulty-
level modules.

During the measurement, the test information and the measured errors were compared, and
in both cases both the test information and the measured error were favourable in the case of the
adaptive test.

CONFIRMATION OF HYPOTHESES

The aim of the thesis was to examine whether the transition from traditional linear testing to
an adaptive method ensures higher measurement precision and to what extent can it be achieved.
During the research the following hypotheses were raised and confirmed:

(1) The previously paper-based test can be converted into multi-stage adaptive test systems;

During the research, three, previously paper-based test systems were converted into online
forms. In each case, the students’ results in the two kinds of testing environment correlated highly,
and according to the t-test there were no significant differences between the results in the different
testing modes. The first hypothesis was confirmed, namely that the previously used paper-based
systems can be converted into computerized adaptive versions.

(2) Adaptive test systems can be effectively and reliably applied to the diagnostic measurement
of 1°-8™ graders;

One indicator of the effectiveness and reliability of the test is the reliability index. Due to the
fact that during an adaptive testing administration process, multiple versions were administered to
the students, each student completed only a subset of the entire item pool. Therefore, Cronbach’s a
reliability index could not be used. Instead, in the case of an adaptive test, its extension, the person
separation reliability index was used (WLE - Weighted Likelihood Estimate). The value of the person
separation reliability index proved to be adequate for each of the adaptive tests, so the second
hypothesis was confirmed: the developed adaptive tests are suitable for the diagnostic measurement
of 15%-8" graders with respect to their reliability.

(3) The adaptive system makes a more precise ability measurement possible;

The measurement accuracy of the tests can be well characterised by the measurement error
and the rate of the extracted information (Wang & Kolen, 2001; Wang, 2010; Molnar, 2013). The extent
of the extracted information was characterised by the differences between the average skill level of
the students and the level of item difficulties. The size of the extracted information was considered
maximum if the difficulty level of the items and the students’ ability level were the same. The bigger
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the difference was between them, the less was the rate of the information obtained during the testing
process. In all three measurements, the rates of information from the adaptive test were significantly
higher than on the linear test; therefore, a more accurate and precise measurement precision was
achieved with the adaptive versions. Similarly, the computed errors were significantly lower in the case
of adaptive tests, thus also proving that adaptive tests measure more accurately. As a result, the third
hypothesis was also proved.

(4) There are no significant differences between the calculated ability levels in the adaptive
and linear testing methods;

The differences between the estimated ability levels were examined in the case of the adaptive
and the linear versions. In all the cases, the results showed high correlation coefficients, indicating that
the two test versions classified the students similarly. According to the results of the t-tests, there was
only one grade where the differences between the results of the tests were significant, suggesting that
overall there was no significant difference between the two ability estimates. The fourth hypothesis
was partly confirmed.

(5) In the case of adaptive testing in the lower ability section, the proportion of right answers
is higher for the lower ability student, and vice versa for the higher ability sections; namely, the
proportion of right answers is lower for the high ability students on the adaptive test than on the linear
version;

The number of correct responses increased with the increase of ability levels on both test
versions. However, in the case of the adaptive version, the rate of growth was different than those
found during linear testing. During the adaptive testing, the proportion of correct answers at the low
range ability level significantly increased, a result which can be explained by the fact that the lower
ability students were administered easier items that could be completed more easily, so they managed
a greater proportion of correct answers and felt a greater sense of achievement. In the high ability
zone, it happened the other way around; the higher ability students were exposed to more demanding
items. Thus, fewer correct answers were achieved, so the test was more challenging for them. In the
case of inductive reasoning measurement, the proportion of correct answers was higher at every
ability level. The fifth hypothesis was partly confirmed.

(6) The majority of students are at the average ability level; therefore, in the case of the
adaptive testing method, the medium-level items/modules are administered the most frequently;

The distributed routes were examined during the adaptive testing, and in all cases the medium
modules occurred the most frequently. Since the majority of students were at the average ability level,
most students passed along the medium difficulty routes. To increase the security of the test, it is
advisable to increase the number of medium difficulty modules. The sixth hypothesis was proved.

(7) In the case of adaptive testing, the calculated information is significantly higher at every
ability level; in contrast, the standard errors are significantly lower than in the linear testing method.

The amount of information obtained from tests was analysed for each study. More information
was acquired from the adaptive test data than from that of the linear tests in all of the cases regardless
of data measurement. However, the extent of these differences varied at different ability levels. In the
measurement of inductive reasoning, the extent of the information extracted in the high and low
ability ranges was significantly greater than for the linear test. In the problem-solving ability
measurement, particularly in the case of high ability ranges, the amount of information extracted was
significantly higher. In the measurement of word reading ability skills, the differences between the
extent of the information from the adaptive and the linear testing were more consistent; about the
same amount of information was thus extracted across the full ability scale at all skill levels. The degree
of measurement error was the same in all of the cases. To sum up, the seventh hypothesis was partially
confirmed: the size of the measurement error and the amount of extractable information may be
different at the different ability levels depending on the sample size. According to the results of the
study, in the case of small samples, particularly in the low and high ability ranges, the amount of
available information is significantly higher from the adaptive tests; in a larger sample, it becomes
more balanced, and it is possible to consistently obtain more information from the adaptive test than



from the linear version at all levels of the ability range. The degree of measurement errors thus
indicated a similar degree.

CONCLUSIONS

The emerging needs of assessment and evaluation in the 21 century clearly indicate the way
towards the development of computerized testing. Computerized tests offer a number of new
opportunities for the measurement of abilities; with their help immediate evaluation has become
possible, new and innovative item types can be worked out, and new ability areas can be measured
accurately and efficiently. The conversion of paper-based tests into computerized versions can be
achieved at a number of levels. Currently, the most innovative form is computerized adaptive testing.
In the case of adaptive testing technology, the items or subtests are administered from a pre-measured
and parametrized item pool in such a way that each student is administered the item or subtest which
best matches his/her ability level. This testing mode facilitates a more accurate and efficient
measurement compared to the traditional, linear testing method. Since the students are administered
items tailored to their own ability level, the test is equally challenging for them from the beginning to
the end, so each item on the test equally contributes to estimating the individual’s ability level; a more
accurate ability level measurement thus becomes possible.

There are several types of adaptive tests; one of the most preferred types is the multi-stage
adaptive test structure, in which modules are administered instead of items, modules actually being
fixed short tests with different levels of difficulty. The test type combines the properties of fully
adaptive tests and traditional linear tests, as the difficulties of the items are adjusted to the students’
ability level and the option of determining item order beforehand is also provided. The modules can
be planned and developed in advance, thus allowing greater control over the administration of the
test, so one can avoid subsequent items providing information on each other. Another important
advantage is that the students have the opportunity for item review and correction. Since adaptivity
only takes place between the modules, it does not jeopardize the test algorithm and helps students to
achieve the highest possible score. Compared to the item-based adaptive tests, they demand much
less administration and computer calculation.

In the transition from paper-based tests to adaptive tests, it is very important to examine
whether the transition ensures the expected level of improvement in measurement precision and
more effective ability measurement. According to the relevant international studies, adaptive tests
have higher reliability than linear tests and the amount of extractable information is also higher.
Nevertheless, the measurement error is lower than with the linear tests; therefore, greater
measurement accuracy is possible. The measurement precision of multi-stage tests is slightly lower
than that of item- or testlet-based tests; however, the greater administrative control makes this test
type advantageous.

During the transition from traditional testing to adaptive testing, comparative analyses of the
two forms of tests have been conducted in many cases. However, the results of international studies
are primarily based on simulated databases; only a few of them have been conducted with real
samples, and these involved college or university students.

The purpose of the research was to examine the possibilities for the conversion of paper-based
testing to the adaptive testing method through empirical studies among primary school students.
During the research, several ability areas and different versions of adaptive structures were
investigated through a comparison of their effectiveness and measurement precisions against the
traditional linear testing environment.

The study was conducted in several phases. Three pilot measurements and two large-scale
measurements were carried out involving three different ability areas. The samples for the study were
15:-8'™ graders. During the pilot studies, the students’ inductive thinking, problem-solving ability and
word reading ability were measured, followed by two large-scale data collection efforts, in which word
reading abilities were also investigated. The tests under investigation were paper-based tests
converted into online form in the eDia system. The data collection was done in the students’ own
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classroom during one lesson time, which is 45 minutes. To ensure the individual-level comparison,
each student completed both test versions, conventional linear and adaptive. As adaptive tests are
based on item response theory, it was this theory, i.e. the one-parameter Rasch model, that was used
during the data analysis.

In line with the relevant international research, the analysis compared test indicators and
estimated ability levels in adaptive and linear test environments. The study also investigated the
characterisation of the difficulty levels of the adaptive versions and the proportions of correct
responses. Further, it compared the amounts of information extracted and measurement errors in
both testing methods.

The results confirmed the hypotheses, and, in accordance with the literature, the research
shows that paper-based tests can be converted into adaptive forms and can be used effectively among
primary school students to estimate their level of ability. In the case of adaptive testing technology,
lower ability students completed more correct answers, so the test was more motivating for them; for
students with higher level skills, it was more challenging for them to complete the tests. The adaptive
tests make a more accurate ability measurement possible, have a higher reliability, and with regard to
the entire sample, significantly more information can be extracted from them than from the
conventional linear tests. However, depending on the sample size, the degree of information obtained
may be different on different ability levels. For smaller samples, mainly in the low and high ability
ranges, the information extracted is significantly higher in the case of the adaptive test; in larger
samples, it becomes balanced and nearly the same proportion of information can be obtained from
the test in all the ability ranges. The size of the measurement error also occurs similarly, and the size
of the estimated error changes again with the size of the sample.

The uniqueness of the research is that unlike most studies that use a simulated database, here
empirical data were used during the comparison; moreover, the use of the same sample also made
student-level comparisons possible. The studies were conducted among 6—-14-year-old students, a
feature which is also unique in the research on adaptive testing. The results confirmed those of
international simulation experiments, namely, that considerable measurement precision can be
achieved using an adaptive test algorithm compared with conventional linear tests.

The limitations of the findings are that the possibility of switching from the linear to the
adaptive testing method was only investigated in three ability areas during the research. The item
pools that were used differed with regard to item size and type. These characteristics may influence
the amount of available information; additional research is therefore needed using a variety of item
pools.

The practical significance of the research is that it has developed tests that can be used in a
classroom setting and provide immediate feedback both to students and teachers. The students’ ability
estimate became more accurate, a development which can significantly influence students’
achievement on criterion-referenced tests in particular. During the testing process, different items are
administered to students; the security of the test can thus be increased. As the items are administered
from a parametrized item bank, the students’ results can be characterised on the same scale, the ability
scale. It is a likely indicator of how the students would perform on other items even if they did not
complete all of them.
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