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1. Introduction 

In the 1980s, with the introduction of the New Public Management model, the delivery 

of public services, including education, became more decentralised in many countries 

(Hood, 1991). At the same time, tools for measuring the effectiveness and efficiency of 

the business world and accountability systems were also developed, so that after the turn 

of the millennium, a series of international student assessments began to compare the 

effectiveness of countries or education systems across different goals, domains and age 

groups. 

The OECD PISA (OECD, 2023) measures the reading, mathematical and science 

literacy of 15-year-old students every three years since 2000. The purpose of the 

assessment is to examine whether students have the skills needed to learn independently 

in the world of work. Since 2001, the IEA PIRLS (Mullis & Martin, 2019) has tested the 

reading proficiency of 4th graders every five years at the end of reading instruction, while 
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the IEA TIMSS (Mullis et al., 2021) assess mathematics and science in 4th and 8th grade 

every four years since 1995, according to the curriculum. 

Since 2010, these international student assessments have gradually moved 

towards computer-based and then adaptive testing. PISA in 2015 (OECD, 2017) and 

TIMSS in 2019 (Mullis & Martin, 2017) were mainly administered on computer, but the 

paper-and-pencil tests with bridge items only could also be choose to calculate trends. 

PISA 2018 measured the then highlighted domain of reading with a multistage adaptive 

test (OECD, 2019). PIRLS 2021 simultaneously introduced the computer-based 

assessment developed for TIMSS and the group adaptive assessment design, which 

handles different objectives and levels of difficulty (digitalPIRLS, ePIRLS, PIRLS 

Literacy). This design was also used by TIMSS 2023 (Mullis et al., 2021). 

The National Assessment of Basic Competencies (NABC) in Hungary, which was 

developed on the basis of the PISA measurement methodology and has been administered 

since 2001, is organised by the Educational Authority. It measures students' reading and 

mathematics performance every year, initially in the 6th and 10th grades and later 

supplemented with the 8th grade (Balázsi et al., 2014). The aim of the assessment is to 

provide educational institutions, administrators and educational policy makers with 

objective performance indicators and to spread the international measurement culture 

(Csíkos & Vidákovich, 2012). At the beginning of the doctoral research, NABC was still 

a paper-and-pencil test, but in 2022 it was organised as a computer-based assessment 

(Balázsi et al., 2021). By 2024, science and digital culture were added to the domains, 

and the assessment interface merged the previously separate language assessments. 

Measured grades were also extended to 4–11 (Oktatási Hivatal, 2022). This shift to 

computer based testing can pave the way for further development before moving to an 

adaptive testing method. 

In adaptive measurement (Magyar, 2012), the tasks completed by the student are 

scored during the test and, based on the estimated ability score using item response theory 

models (IRT), the next test section that best matches the difficulty level is assigned. In 

the case of multistage adaptive testing (MST), item groups are administered; in the case 

of computerised adaptive testing (CAT), the test is administered after each item. As a 

result, individual test paths are created and the corresponding items result in a more 

accurate assessment of ability and/or a shorter test. The development of such a test is 

costly in all respects, but the first stage of development can be well prepared with 

simulation tests (Thompson & Weiss, 2011). 
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The motivation and objective of my research is to prepare the ground for 

computerised adaptive testing for NABC in the domain of mathematics, through such 

preliminary studies, using the large amount of empirical data accumulated during the long 

history of the assessment. In the following, I will briefly summarise the measurement 

theory background of the dissertation. After the research questions, I will present my 

findings on the transitions from paper-and-pencil to computer-based to adaptive testing. 

The individual results also form a bridge between the data from the paper-and-pencil tests 

and the findings regarding the hypothetical adaptive testing. My study is a novelty in the 

Hungarian literature, a research with similar aim has been conducted previously in the 

case of multistage adaptive testing (Magyar & Molnár, 2015). 

2. Measurement Theory Background 

One of the indicators of test goodness is how accurately the measurement estimates the 

phenomenon (reliability), within which we can examine how well the individual items 

work together, or how successful the combination of items is in discriminating between 

test takers (internal consistency) (Nagybányai-Nagy, 2006). There are several measures 

of internal consistency, the three best known are the KR-20 (Kuder & Richardson, 1937) 

and Cronbach's alpha (Cronbach, 1947, 1951) based on classical test theory, and the 

person separation reliability (Wright & Masters, 1982) applicable to the Rasch model in 

modern test theory. Therefore, when simulation results of different tests are compared, or 

when the aim is to develop a test with adequate accuracy, one of these measures is usually 

used. Although Cronbach's alpha is the most commonly used, it cannot be used in 

adaptive testing because the relationship between certain items cannot be calculated due 

to the different response paths. 

CAT (Weiss & Kingsbury, 1984) is a combination of adaptive testing, IRT 

methods and interactive computer-based survey administration. After an initial item, the 

computer estimates the respondent's ability based on all previous responses, and then 

selects the next item that best matches the estimated value. This cycle of testing continues 

until a termination criterion (stopping rule) is met. The CAT thus has six structural 

elements: 

1) IRT model, according to which the characteristics of the items and the ability 

of the respondent are linked by an equation describing the probability of correct answer. 

On the basis of the responses, the parameters of the items and the respondent's ability can 
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be estimated. In the one-parameter Rasch model (Rasch, 1960), the items are 

distinguished from each other by their difficulty. In the two-parameter model the items 

also differ in their discriminatory power (slope), and the three-parameter model takes into 

account the fact that respondents with low ability development may tend to answer 

randomly to more difficult tasks (DuToit, 2003). The NABC uses the three-parameter 

IRT model. 

2) Item bank. In the case of mastery tests (pass or fail), the difficulty of the items 

should primarily cover the area around the cut-off point; in the case of performance tests, 

they should cover the whole range of ability scale, and it is advisable if their 

discrimination (i.e. slope) is high. The size of the item bank depends on the size of the 

expected sample and can range from a few tens to a few hundred items (Magyar, 2014; 

Weiss & Kingsbury, 1984). In the case of larger or more frequently used assessments, 

some of the items will become known to many respondents, which may jeopardise the 

security of the measure. 

3) Entry level. The starting point (initial ability estimation) may be the same for 

the entire sample population, but if some prior information is available, it can also be 

personalised. 

4) Item selection procedure. The most common methods are maximum 

information, selection according to the difficulty closest to the estimated ability point, 

and the Bayesian approach, which usually produce very similar results. Studies on item 

selection procedures usually compare different methods according to the number of items 

needed to complete the test and/or the accuracy of the ability estimation, usually using 

simulation methods (Ito & Segall, 2013). 

5) Ability estimation. Based on the current response pattern, the ability and 

possibly the confidence interval of the ability are estimated. Maximum likelihood and 

Bayesian estimation methods, or a combination of these, are used for estimation. 

6) Stopping rule. According to the objectives of the test, one of several termination 

criteria may be a condition, for example a certain number of items has been answered; 

the standard error of the ability estimation falls below a certain level (an equally accurate 

ability estimate for all respondents); based on the confidence interval of the ability 

estimation, the test taker can be classified into a certain performance level (classification); 

the maximum time allowed for answering the questions has expired. 

CAT has several advantages over linear tests. Tests are expected to be 

significantly shorter, and ability estimation is more accurate at the edges of the scale 
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(Weiss, 2011). A question with a difficulty level that matches the ability level can increase 

the intrinsic motivation to complete the test, although this is more likely to be experienced 

at the lower end of the ability scale if the test taker is informed about how the CAT works 

(Wise, 2014). The disadvantage of CAT may be that there is no opportunity to go back 

and improve on previous items, which may increase stress, but in their meta-analysis 

Akhtar et al. (2023) found no clear result for either increased motivation or increased 

stress. 

Computerised measurement is required to carry out CAT on a large number of 

people, which means that the difference between the paper-and-pencil test and its 

computerised version and so the possibility of mode effect are raised (Buerger et al., 

2019). The difference may be reflected in the difference between the constructs measured, 

in the systematic deviation of the performance scores, or in the characteristics of the text 

responses. A further difference may be caused by the different scoring of omitted and not 

reached items. 

Because of the immediate scoring, open-ended items that require independent text 

creation and qualified coders cannot be used in the CAT, or at least they do not participate 

in ability estimation and item selection during the test. If these items measure different 

aspects of the phenomenon than the closed, automatically scored items, this also leads to 

a difference between linear and adaptive tests. 

3. Research aims and questions 

In my research I am looking for answers to the following main and sub questions. 

1) Can the data from the OKM paper-and-pencil assessments be used in a relevant way 

for the design of the computerised adaptive assessment? 

a. What is the effect of the computer-based testing environment on the test result? 

Should mode effect be expected, and if so, how should it be handled? (Fishbein et 

al., 2018) 

b. Even if the open-ended items are omitted, does the assessment framework of the 

NABC remain the same? If only closed items were used, what would be the 

difference in students' ability estimation? 

2) With the same measurement accuracy as the original assessment, what is the shortest 

test length achievable with adaptive testing? (Weiss, 2011) 
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3) Based on the data from the paper-and-pencil tests of the NABC, which adaptive testing 

elements are likely to make the measurement goal (in the domain of mathematics) more 

successful? (Thompson & Weiss, 2011) 

a. With the same number of items as in the paper-and-pencil test, does the standard 

error of the student's ability estimation decrease in the case of the adaptive testing? 

b. Do the simulations imitating the computerised adaptive test on the basis of NABC 

data confirm that it is possible to determine students' ability scores/performance 

in a significantly shorter time (with fewer items) with an accuracy equal to the 

accuracy of the paper-and-pencil test? 

c. Which stopping rules correspond to which measurement objectives in relation to 

adaptive NABC? 

d. Is there a hierarchy of stopping rules, i.e. are there strong criteria whose fulfilment 

requires the fulfilment of weaker conditions? 

e. Does the student's performance change after the first 5–10–15–20 questions? With 

a test length of 5–10 questions, what performance estimates can be expected? 

4. Research methodology 

My research is a preliminary study to inform the next stage of developing the National 

Assessment of Basic Competencies, an existing assessment system, and accordingly 

applied research, in terms of its methodology it is primarily quantitative. I conducted the 

mode effect study (1a.) with a systematic literature review, which is a qualitative 

methodological study. The omission of open-ended items (1b.) is a quantitative, empirical 

study in which I used IRT ability estimation, correlation and cross tabulation analyses. 

The theoretical investigation of computer adaptive testing technology (2) is a qualitative 

mathematical derivation in relation to the standard error of estimating students' ability. 

The comparison of different item selection and ability estimation procedures are 

quantitative and empirical studies (3a.-e.), which I investigated with hybrid and Monte 

Carlo simulations. 

Questions 1a.-b. have been examined in the fields of mathematics, reading and 

science. The similar test structure gives greater validity to the results in the field of 

mathematics according to the principle of triangulation. The examination of question 2 is 

independent of the domain, questions 3a.-e. are focused specifically on the mathematics 

questions. 
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In the case of adaptive testing, simulation methods are techniques based on high 

computer capacity and formal mathematical equations of IRT models. The point is that 

the computer calculates the probability of a correct answer based on the applied IRT 

model, using the student's theoretical ability and the well-known item parameters, and 

compares it with a random number between 0 and 1 to simulate the correct or incorrect 

answer. The ability score is estimated based on the simulated responses, and the item 

selection method selects the next item according to this estimate. The advantage of 

simulation over real data collection is that it allows for a larger number of sample and the 

comparison of many different conditions  (e.g., Şahin & Weiss, 2015). Simulations can 

be grouped according to the extent to which they use real data. Monte Carlo simulations 

(Kehl, 2012) use data that are entirely generated by a random number generator. In hybrid 

simulations, some of the responses are real and some are generated based on the IRT 

model. We can speak of a post-hoc simulation when the real answer is available for each 

item and each respondent (Sari, 2020), as they were completed as a linear test. 

The simulation of the CAT was carried out using the open source program 

package catR (Magis et al., 2017b), which operates in the R (R Core Team, 2016) 

environment and is free to use and programmable, i.e. adaptable to research. 

5. Results 

5.1. From paper-and-pencil to computer-based testing – mode effect 

study 

In the case of NABC, there is no publication available on the study of mode effect, so I 

investigated this question by a systematic literature review (Rother, 2007) on 

digitalisation of  the PISA, PIRLS and TIMSS assessments, including Hungarian and 

international scientific publications and assessment documents related to mode effect. I 

followed the PRISMA guidelines (Page et al., 2021) recommended for systematic reviews 

and meta-analyses, i.e. the aim of the database search is to identify and synthesise as many 

and as relevant sources as possible, based on well-defined inclusion and exclusion 

criteria. I conducted the search on 2 December 2021. 

I conducted the domestic search using the MATARKA, MTMT and Arcanum 

Digital Library databases and the Educational Authority website, and the international 

search using the EBSCO, ERIC, JSTOR, ProQuest, Science Direct and Web of Science 
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databases, as well as the OECD and IEA websites. All peer-reviewed empirical 

quantitative articles, book chapters or studies published after 2010, in English or 

Hungarian, which used the original assessment data or data from own study closely 

related to it, and which specifically aimed to investigate the mode effect, were accepted. 

The domestic search found 2 relevant sources out of 375. Both are a summary of an 

assessment cycle for which I found 4 other similar documents. The documents give brief 

information about the introduction of computer-based assessment and mention the 

possible deviation of performance resulting from it. The international search yielded 

1,262 items. 20% of the screened texts and the assess of the full texts was also done by a 

secondary coder. Based on Cohen's kappa, there was at least significant agreement 

between the coders. In the end, 8 items met the criteria (Appendix 1), to which 24 

measurement documents were added. Among the measurement documents, those from 

PISA 2015 and TIMSS 2019 are relevant, PISA 2018 does not provide any additional 

information on mode effect, and in the case of PIRLS, there was no computer-based 

assessment or information on its preparation in the period considered. 

The investigation of mode effect in PISA was conducted during the field trial of 

the 2015 assessment cycle (OECD, 2016). The construct of the paper-and-pencil and 

computer-based test was found to be consistent, the trend items were at most about 90% 

invariant in difficulty. At the item level, mode effect was found in both directions (easier 

or harder than the paper-and-pencil version), so the correction was made at the item level. 

The 6 related articles are of high measurement quality in terms of procedure and statistics 

used, but they are typically related to Germany and the 2012 and 2015 assessment cycles. 

The studies come to a similar conclusion, finding a non-systematic mode effect of 10–20 

points on the achievement scores. The analysis of textual answers shows slightly longer 

and answers with more information in the case of computer-based tests. 

For TIMSS 2019, one of the articles is the mode effect study itself (Fishbein et 

al., 2018). The mode effect was found to be negligible for the items, with a systematic 

difference of 7–14 points for the achievement points, showing that computer-based test 

is more difficult. On this basis, the constructs of the measures are the same, but in the 

case of trends, different corrections were applied for each year and measurement area. No 

systematic mode effect per country was found either, but at the same time, according to 

the analysis of the Dutch sub-sample, the common correction slightly overestimates the 

result (Robitzsch et al., 2020). 
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5.2. From linear to adaptive testing - the role of open-ended items 

A prerequisite for adaptive testing is that the answers given by the students are 

immediately scored by the system, and ability is estimated on this basis. Approximately 

one third of the paper-and-pencil NABC tests items are open-ended items that require the 

work of a qualified coder. Open-ended items are not included to assess specific thinking 

operations or content areas more accurately, but to add to the diversity of the measure as 

a whole (Balázsi et al., 2014). Although open-ended items were gradually removed from 

the computer-based test, tasks that required short text responses (one word or number) 

and could be automatically scored remained, these item types were considered open-

ended items in the present study. 

The study was conducted on the 2017 NABC student data. After removing the 

data of unevaluated booklets and exempt students, in addition to the ability estimates 

calculated for the whole test, ability points were also calculated based on closed items 

only and assigned to the 7 + 1 NABC competency levels. The results were weighted 

according to the NABC methodology (N6 = 86151, N8 = 80886, N10 = 76550). 

Based on the correlation analysis of the complete and closed item tests, reading 

and mathematical ability scores were correlated between 0.664 and 0.777, regardless of 

whether the given domain was measured with a complete test or only with closed items, 

indicating a moderate to strong relationship (Vargha, 2015) between the two domains, 

regardless of the use of open-enden items. Ability points calculated from closed questions 

and ability points calculated from the whole test show a correlation of more than 0.9 but 

less than 1 in both domains, which is considered very strong. On this basis, there is no 

difference between the constructs measured by the full test and the test consisting of 

closed items only. 

By comparing the ability levels, we checked the discrepancy between the ability 

estimates. In both domains, the centralising effect of the use of closed items is evident, 

i.e. students at the lowest levels (below level 1 and level 1) are more likely to be moved 

up a level, while those at higher ability levels are moved down a level. 40% of the students 

at below level 1 and one third of the students at level 1 were placed in a higher ability 

level. In mathematics, the bias towards higher levels is already noticeable at level 5 and 

level 6, while in reading comprehension levels 6 and level 7 are affected. Only less than 

1% of students had two levels of error. 
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5.3. Adaptive testing design – theoretical optimum 

The result regarding the sample size and test length of adaptive tests is based on the idea 

that the objectives of a given assessment and the level to be achieved by its goodness 

indicators can be determined in advance. In the following, the starting point for the design 

is the test reliability indicator, i.e. the objective is to achieve a certain level of 

measurement error for each test administration, whether it is about the items (S1) or the 

students (S2). In the case of adaptive testing, the difficulty of the test can be planned, i.e. 

the probability of solving the next item (p), which is typically 50%, but other values are 

possible. Suppose that items and students are categorised by K ability levels, which is the 

precision of the measurement. The KR-20 and Wright formulae are used to measure 

reliability, so the test is based on the use of dichotomous items and the Rasch model. 

Based on the result of the derivation, (1) the sample size (N) required for the 

measurement of the item can be calculated based on the expected accuracy of the item 

(S1), the precision of the measurement (K), and the difficulty of the test (p), and (2) the 

expected accuracy of the ability estimation (S2), the difficulty of the test (p), the sample 

size (N), and the precision of the measurement (K) can be used to calculate the expected 

length of the test (L). 

(1) 𝑆1 = √
𝑁

𝑠𝑖(𝑁−𝑠𝑖)
=

1

√𝑁
[

𝐾

√𝑝(𝐾−𝑝)
], 

(2) 𝑆2 = √
1

𝐿𝑝𝑞
√1 +

(
𝐿

𝐿−1
)(

𝑁−𝐿

𝑁
)

2
ln2(

𝐾−𝑝

𝑝
)

2,89
. 

In the case of items with a balanced solution (p = ½) typical of adaptive testing, the 

equations can be further refined: 

(3) 𝑁 = ⌈
1

𝑆1
2

4𝐾2

2𝐾−1
⌉, 

(4) 𝐷 =
2,89

(2𝐾−1) 
, 

𝐴 =
2,89𝑆2

2

4(2𝐾 − 1) 
=

𝑆2
2

4
𝐷, 

0 = 𝐿3 − 𝐿2(𝐴𝑁2 + 2𝑁) + 𝐿(𝑁2 + 𝐷𝑁2 + 𝐴𝑁2) − 𝐷𝑁2. 

The required sample size and the expected length of the tests are increased by the 

higher precision and the higher number of ability levels, as well as the difficulty that 

differs from 50%. For example, in the case of NABC, where the precision of the 

measurement is 7 + 1 ability level, assuming a balanced test, in order to measure the 
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difficulty of an item with a standard error of  0.2, a sample of 400 people must be carried 

out, provided that they are distributed uniformly on the ability scale based on some ability 

estimate, i.e. not most respondents come from levels in the middle. In the case of the same 

assessment, with a standard error of 0.5 (100 points) in terms of the standard deviation of 

the ability estimate, it is expected that, with a sample of 100,000 student, each test will 

end in fewer than 58 items. With fewer than 5 ability levels, 44 items per test may be 

sufficient. 

5.4. Comparison of possible adaptive strategies based on accuracy and 

reliability 

In the final phase of my research, I conducted simulation tests to compare the 

effectiveness of some ability estimation and item selection methods. I ran a hybrid 

simulation in the sense that the item bank was made up by the well-functioning 

dichotomous items (625 items) of the 2008–2019 cycles and their parameters calculated 

according to the three-parameter model. The simulations thus also provide preliminary 

information as to whether the digitised versions of the items accumulated over the years 

are suitable for adaptive testing. 

The theoretical ability of the students' was given by the fine division of the ability 

scale. Between 800 and 2200 points, I simulated two hundred measurements in each 

interval with a step interval of 50 points. The starting value of the simulated tests was the 

national average for grade 6, 1500 points. For the Bayesian ability estimation, I defined 

a prior distribution with a mean of 1500 points and a standard deviation of 200 points. 

The ability estimation procedures investigated were Maximum Likelihood (ML) (Lord, 

1980), Bayes Modal (BM) (Birnbaum, 1969) and Expected a-Posteriori (EAP) (Bock & 

Mislevy, 1982). Among the item selection procedures, the maximum Fisher information 

(MFI) (Birnbaum, 1968), closest difficulty (bOpt) (Urry, 1970) and closest maximum 

information (thOpt) (Barrada et al., 2006) criteria were compared. Two possible 

measurement objectives and corresponding stopping criteria were used. In the first case, 

I examined the standard error of the estimation in addition to the 50 item tests. In the 

second case, the aim was to achieve uniform measurement accuracy, a standard error of 

60 points, then the length of the tests could be compared. 

Based on the results, maximum likelihood estimates performed best in terms of 

the average difference between theoretical ability and ability estimation. In the case of 
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fixed test length, the edge of the ability scale showed a difference of up to 100 points 

smaller than the Bayes estimates, in the case of fixed error the difference was only 50 

points. 

Among the item selection methods, Fisher's maximum information selection gave 

slightly better results than the nearest difficulty and nearest maximum information 

selection methods. This method produced shorter tests alongside a fixed error, and more 

accurate tests alongside the fixed test length in the range between 1,200 and 1,900 ability 

points than the current linear test. 

To further examine the item bank consisting of the current items, a Monte Carlo 

simulation was used where an item bank of 300 items was simulated with similar but 

evenly distributed difficulty and an average slope that was 0.5 logit higher than expected 

for the NABC. The sample size was 90,000 and the combined stopping criterion was 

reaching 50 items or 60 points, in line with the previous study. In the simulation, the MFI 

selection method and BM and EAP estimation were used in addition to a two-parameter 

IRT model. To ensure the safety of the tests, an exposure rate of 20% was set. 

According to the results, the tests ended after an average of 19–20 items, and there 

were hardly any tests longer than 30 items. The correlation between the theoretical and 

estimated ability scores is very high (r = 0.95). The standard deviation of the difference 

between the theoretical and the estimated ability, i.e. the standard error, is about 60 points 

(RMSE = 60.44), the average of the differences is -0.39 points, so there is no systematic 

difference. Regarding the exposure of the items, 44 items were administrated in the largest 

possible number, they were typically selected from the items with higher slope, while at 

the same time 65 items were not used at all in the simulation, they were typically less 

discriminating items. 

6. Summary, limitations and directions for further research 

In my research I aimed to investigate a possible direction for the development of the 

National Assessment of Basic Competencies based on digitisation, the methodological 

issues of computerised adaptive testing. To carry out preliminary tests preparing the 

successful transition from paper-and-pencil to computerised adaptive testing in the case 

of one of the Hungarian student assessment systems. 

The transition from paper-and-pencil to computer-based assessment was 

completed during the research period, in 2022, but the summary of our results in relation 
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to the mode effect of international large-scale student assessments is still considered to 

address a void. The results of PISA and TIMSS assessments of mode effects are 

somewhat different: while TIMSS found a minimal mode effect, which varied in size by 

subject and grade, but showed that computer-based test was systematically more difficult, 

PISA found small deviations in different directions for a small number of items. Based 

on the results of the systematic literature review, there is no reason to expect a substantial 

mode effect in the case of NABC either, but small differences in difficulty parameters or 

ability points are possible, either by domain or in the case of individual items. An 

empirical study is recommended to investigate this issue. 

Based on the comparison of ability points calculated from the whole test and only 

from closed-ended items, the tests measure the same phenomenon. The role of open-

ended items in differentiating between students with the lowest and highest ability level, 

i.e. in identifying drop-outs and talents, may play a role, but this is not the aim of the 

NABC, partly because of the large number of individual errors. The higher scores of 

lower ability students may be due to guessing, which affects closed items, and willingness 

to answer, which may be lower in open-ended items. The lower scoring of higher ability 

students may be due to the greater difficulty of open-ended items or the complexity of 

this type of task. Since an item requiring a short text response, which is considered open-

ended in a paper-and-pencil test, is considered an automatically scored item in a 

computer-based test, it is possible that an even smaller deviation can be expected. At the 

same time, further research into open-ended items and the development of automatically 

scored items of similar difficulty and appropriate content is warranted. 

The theoretical derivation bridges the gap between the mathematical equations 

and the design of both simulations and real tests. As it typically assumes ideal conditions, 

it does not take into account, for example, the high uncertainty of the ability estimate at 

the beginning of the test, so its result can best be considered as a theoretical lower limit. 

At the same time, two and three parameter models can give better results than the use of 

the Rasch model, but their theoretical investigation is currently too complicated. If ability 

levels are used in the stopping criteria or item selection step, it may be recommended to 

drastically reduce the number of ability levels in order to shorten the test. 

Based on the results concerning the mode effect and the study of open-ended 

items, the item- and student-level data collected in paper-and-pencil linear tests can 

probably be used well for the design of computerised or adaptive tests. Based on the 

simulation results, maximum likelihood estimation of ability and maximum Fischer 
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information item selection can lead to the most accurate and fastest tests. However, it can 

be assumed that in addition to the items developed for paper-and-pencil linear tests, which 

tend to focus on the middle part of the ability scale and measure a wider range of students, 

it is necessary to develop items that focus on the edges of the ability scale and/or have 

higher discrimination parameter. The validity of the simulations would be further 

improved by the use of real student responses or a more personalised choice of entry value 

that incorporates further information, so these are possible ways forward. The next step 

is also to map the other features of the item bank, which can be done outside the 

Educational Authority, as well as item development, which I recommend should continue 

to be done within the Authority for test security reasons. 

NABC is committed to the development of the adaptive testing method from both 

a professional (Balázsi et al., 2021) and educational policy (Karkó, 2023) side, therefore 

the examination of the transition from the linear test to the adaptive testing is current and 

relevant. The information from the NABC is extensive due to its use, the examination of 

the topic has social utility. At the same time, adaptive testing, although it may result in 

shorter tests and more accurate ability estimation, can be expected to achieve only one of 

these two possible goals. That is why it would be necessary to define the purpose of the 

assessment more precisely before further developments. Shortening the test would reduce 

the burden on schools and students, certainly at middle ability levels, but the accuracy of 

individual results is not expected to be higher. Uniform accuracy of ability estimates 

would rather mean greater validity of individual results and the possibility to evaluate 

teachers, while also likely to result in somewhat shorter tests at intermediate levels. 
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