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Abstract 

Indonesian Madrasah Competence Assessment (AKMI) is a national assessment implemented each year 

held by the Ministry of Religious Affairs. One uniqueness of the AKMI is the use of different tests every 

year. AKMI focuses on capturing the learning development in Madrasah by comparing the test scores of 

the current year with those of the previous year. An equating process is crucial for valid results when 

comparing scores. Therefore, this research aims to (a) equate the scientific literacy assessment tools at 

AKMI in 2022 with 2023 and (b) evaluate the business process of developing AKMI scientific literacy 

instruments (along with the MSAT design), which has implications for the equating process. This study 

adopted a Non-Equivalent Anchor Test (NEAT) design because the two test sets were parallel years, and 

the participants were from a diverse population. The data is from the AKMI Science Literacy of the 

Ministry of Religious Affairs, with 303,987 participants in 2022 and 342,987 in 2023 from the Islamic 

elementary school level. There were 674 scientific literacy instrument items in 2022 and 1,392 items in 

2023, with 90 items used as anchor items. There are three stages of analysis: pre-equalisation, equalisation 

calibration, and post-equalisation analysis. The results show differences in item parameter estimation 

results between 2022 and 2023, where 2022 has a higher level of item difficulty. Furthermore, the 

Stocking-Lord and Haebara methods were effective and produced estimates with minimal differences in 

the equating process. In addition, the anchor items used as the basis for the equating do not represent the 

items as a whole in the item pool. These findings indicate the need for firm, careful standardisation based 

on psychometric principles of the process at AKMI, from developing items to assembling items, testing, 

determining anchor items, and assembling items in the MSAT application. 

Keywords: horizontal equating, akmi, stocking-lord dan haebara 

Abstrak 

Asesmen Kompetensi Madrasah Indonesia (AKMI) merupakan asesmen nasional yang dilaksanakan setiap tahun 

yang diselenggarakan oleh Kementerian Agama. Salah satu keunikan AKMI adalah penggunaan tes yang berbeda-

beda setiap tahunnya. AKMI fokus menangkap perkembangan pembelajaran di Madrasah dengan membandingkan 

nilai ujian tahun berjalan dengan nilai ujian tahun sebelumnya. Proses penyetaraan sangat penting untuk 

mendapatkan hasil yang valid ketika membandingkan skor. Oleh karena itu, penelitian ini bertujuan untuk (a) 

menyamakan perangkat asesmen literasi sains di AKMI tahun 2022 dengan tahun 2023 dan (b) mengevaluasi proses 

bisnis pengembangan instrumen literasi sains AKMI (beserta desain MSAT) yang berimplikasi pada proses 

penyetaraan. . Penelitian ini mengadopsi desain Non-Equivalent Anchor Test (NEAT) karena kedua set tes tersebut 

merupakan tahun yang paralel, dan pesertanya berasal dari populasi yang beragam. Data tersebut berasal dari 

AKMI Literasi Sains Kementerian Agama dengan jumlah peserta pada tahun 2022 sebanyak 303.987 orang dan 

pada tahun 2023 sebanyak 342.987 peserta dari tingkat Madrasah Ibtidaiyah. Terdapat 674 item instrumen literasi 

sains pada tahun 2022 dan 1.392 item pada tahun 2023, dengan 90 item digunakan sebagai item jangkar. Ada tiga 
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tahapan analisis: pra-ekualisasi, kalibrasi ekualisasi, dan analisis pasca-ekualisasi. Hasilnya menunjukkan adanya 

perbedaan hasil estimasi parameter soal antara tahun 2022 dengan tahun 2023, dimana tahun 2022 mempunyai 

tingkat kesukaran soal yang lebih tinggi. Selain itu, metode Stocking-Lord dan Haebara efektif dan menghasilkan 

estimasi dengan perbedaan minimal dalam proses penyetaraan. Selain itu, item jangkar yang digunakan sebagai 

dasar penyamaan tidak mewakili item secara keseluruhan dalam kumpulan item. Temuan tersebut menunjukkan 

perlunya standarisasi yang tegas dan cermat berdasarkan prinsip psikometrik proses di AKMI, mulai dari 

pengembangan item hingga perakitan item, pengujian, penentuan jangkar item, dan perakitan item pada aplikasi 

MSAT.  

Kata kunci: persamaan horizontal, akmi, stocking-lord dan haebara. 
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Introduction 

Assessment is vital in education because it provides a valuable portrait of students (Ayanwale, 2023). 

It is also an effective instrument for educational change or reform (Alonzo et al., 2021; Looney, 2014). 

In this context, the concept of assessment-driven instruction (Fischer et al., 2023) is appropriate. This 

concept means that good assessment leads to a good learning process (Park & Park, 2012). Educational 

reform is expected to occur from improving the learning process in the classroom (Supovitz, 2009).  

Refers to the above arguments, in 2020, the Indonesian government reformed the national assessment 

from assessing the achievement of national standards to classroom assessment practices that are student 

learning progress-oriented (Aditomo et al., 2019). Similarly, the Ministry of Religious Affairs, the 

institution responsible for madrasa education around Indonesia, supports this policy through the AKMI 

(Indonesian Madrasah Competency Assessment) program (Kusaeri, Dwisanti, et al., 2022). AKMI is an 

assessment designed to produce information that can be used to provide feedback to students. This 

feedback is a reference for teachers teaching the learning process in madrasas. With the treatment, student 

learning outcomes and literacy skills are expected to improve yearly (Kusaeri, Yudha et al., 2022). 

AKMI uses several different test sets (measuring the same construct) every year. According to Wei 

(2013), standardisation needs to be carried out using the equating process of the test score. By equating, 

scores from different years can be converted into parameter items on the same scale (M. Kolen & 

Brennan, 2014; Nisa & Retnawati, 2018), so the scores between test sets from different years are 

compared (M. Kolen & Brennan, 2014; Moghadamzadeh et al., 2011). The result reveals the relationship 

between the raw scores of two sets of tests from two parallel years so that the previous year’s scores can 

be compared with the current year’s (Rodrigues et al., 2022; Stoolmiller et al., 2013). Thus, the result 

captures the impact of the madrasa teachers learning interventions during the year.  

Researchers have been keen on equating test scores to large-scale data assessment in the past decade. 

Majoros et al. (2021) and Strietholt & Rosén (2016) use data from the IEA (International Association for 

the Evaluation of Educational) for mathematical literacy data. Similarly, equating test scores for the 

TIMSS and PIRLS assessment programs on reading and mathematics literacy between different countries 

(Khorramdel et al., 2022). Chmielewski (2019) and Majoros (2023) use equating test scores from regional, 

national, and international assessments over a long period. They generally apply anchor items for 

different test items using an IRT approach. However, from the studies above, few, if any, have revealed 

the equating process for preparing large-scale tests (extensive assessments) with various forms of 

questions using Multistage Adaptive Testing (MSAT), such as AKMI.  

AKMI uses five kinds of questions (multiple choice, complex multiple choice, matching, true-false, 

and short answer). The challenge is choosing anchor items for the equating process to represent item 

parameters (such as difficulty level) and the items in the question bank (M. J. Kolen & Brennan, 2014; 

Magis et al., 2017). In addition, Fink and Born (2018) propose that the content of the anchor item must 

be able to represent the items in the question bank. Indeed, this equating process is more complex, 

especially when administering AKMI using MSAT. This is the focus of this research, which has not been 

explored previously.  

MSAT is an exam administration method that has recently become popular in assessment (Cai et al., 

2021; Li et al., 2021; MacGregor et al., 2022; Shin et al., 2021). Test administration using the MSAT 

model can increase measurement efficiency (Berger et al., 2019). Each test taker will get different question 

items according to their abilities. This way, they will get question items with difficulty levels matching 

their abilities (Ersen & Lee, 2023). Furthermore, this method can minimise fraud or cheating during the 

exam in large-scale assessments. The MSAT is more efficient in the number of items to estimate the test 

taker’s ability, more precise measurement results (with minor measurement error), and high predictive 

validity (MacGregor et al., 2022; Steinfeld & Robitzsch, 2021). Thus, with these advantages, such as 

effectiveness in accommodating a balance between content, difficulty level, and security, the AKMI 

development team in the Indonesian Ministry of Religious Affairs has implemented MSAT in madrasas.
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There are two types of equating: horizontal and vertical (Ayanwale, 2023; van der Linden, 2000). 

Horizontal equating functions to equalise two scores from two different test sets but measure the same 

object of the research (Nisa & Retnawati, 2018). The purpose of horizontal equating is to compare two 

or more groups of test takers using different test devices but measuring the same thing. On the other hand, 

vertical equating test instruments with different levels of difficulty and grade levels but measuring the 

same thing. Vertical equating is used to reveal the development of students’ abilities, even though these 

students are at different grade levels and have different ability levels, as long as the test equipment used 

measures the same thing (Cumming et al., 2020). In the AKMI context, horizontal equating is more 

suitable and needed in the field. Because of horizontal equating, developments in learning outcomes and 

literacy skills can be detected between years. Therefore, this study will focus on the horizontal equating 

type.   

In horizontal equating, several equating methods based on Item Response Theory (IRT) can be 

applied, such as Haebara, Stocking-Lord (SL), mean-mean, mean-sigma, and concurrent calibration 

(Rahmawati & Mardapi, 2015; Uysal & Kilmen, 2016). Several studies show that specific equating 

methods provide better results than others (Battauz, 2023; Kilmen & Demirtasli, 2012; Rahmawati & 

Mardapi, 2015; Setiawan, 2019). For example, Setiawan (2019) compared the Haebara method and 

mean-sigma in the 2018 national exam data, and the results show that the Haebara method is better than 

the mean-sigma method. In addition, Kilmen dan Demirtasli (2012) compared various IRT-based 

equating methods and revealed that the Haebara and SL methods were more precise with lower error 

rates. Both methods have more moderate error estimates, and the results are more accurate when using 

more anchor items (Born et al., 2019). Similarly, Yusron, Retnawati, and Rafi (2020) show that the 

Haebara method can produce the smallest average RMSE compared to the mean-mean, mean-sigma, 

and Stocking Lord methods.  

The studies above have shown that the Haebara and SL equating methods are more consistent and 

accurate, with more minor errors than other methods. However, there are still slight differences in results 

between the Haebara and SL methods from one researcher to another. This fact is undoubtedly 

fascinating to test and implement further the two methods in equating AKMI test scores in 2022 with 

2023. Therefore, this research aims to (a) equate the scientific literacy test equipment at AKMI in 2022 

with 2023. From this process, it is expected that AKMI 2022 and 2023 result scores can be compared 

well; (b) evaluate the AKMI instrument development business process (along with the MSAT design), 

which has implications for the AKMI test score equating process. 

The findings of this research can significantly contribute to policymakers at the Ministry of Religious 

Affairs standardising the processes at AKMI so they comply with existing stages and standards. Again, 

the process of developing items, assembling items, testing, and determining anchor items, as well as 

assembling items in the MSAT design, needs to be done carefully, precisely, and in line with psychometric 

scientific principles. As a result, ongoing processes (especially the equating process) can provide valid 

information so that the progress of AKMI results provides a complete picture of AKMI implementation. 

This valid information is beneficial in providing treatment to intervene in the learning process in madrasas 

at the next stage, preparing or revising madrasa textbooks, and finding models for giving assignments, 

projects, or homework that suit students’ needs. In the end, AKMI can be a diagnostic tool for the 

progress of madrasas in Indonesia. 

Methods 

There are three different stages for score equalisation in this study. The process begins with equalising 

test item parameters in each 2022 and 2023 administrative year, then continues with horizontal 

equalisation across years. The initial and second phases used a simultaneous calibration approach across 

the test sets. The final phase consists of cross-year equalisation using Battauz’s framework (2017), starting 

with determining the conversion coefficient. The conversion coefficient is calculated by considering the 
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item discrimination parameters and the difficulty level of the items involved. Next, these coefficients are 

applied to the scale equation according to the Haebara and SL equalisation framework.  

This study adopted a non-equivalent anchor test (NEAT) design, which is necessary for correlating 

and equating between different years (2022 and 2023). This design was chosen because the test sets for 

both years were parallel, and the test participants came from a diverse population (from madrasas spread 

throughout Indonesia). With this design, an illustration of differences in test takers’ abilities can be seen 

from the proportion of test takers who answered correctly on the anchor item. By referring to this 

proportion, differences in the difficulty level on unique questions in each test set can be adjusted. 

The object of this study is the AKMI instrument set on scientific literacy for class V MI level in 2022 

with 674 items and in 2023 with 1,392 items, along with data on overall participant responses to the test 

instrument set. Of the number of items in 2022 and 2023, 90 items function as joint items (anchors or 

common items) to facilitate the equating process between test sets for the two years. These shared items 

were strategically selected to assess consistent constructs across both years.  

Participants 

This research utilises information from the Science Literacy conducted by the Indonesian Ministry of 

Religious Affairs, spanning 2022 to 2023. Participants were selected using cluster sampling from all 

provinces in Indonesia. The number of students participating in 2022 was 303,987; in 2023, there were 

342,987 participants. They are in class V MI level, whose exams are held in October (the middle of the 

odd semester) every year. An overview of AKMI test participants in 2022 and 2023 is presented in Table 

1. 

Table 1. Descriptive Statistics of 2022 and 2023 AKMI Participants on Scientific Literacy 

Description 2022 (Sum) 
2022 

(Percentage) 
2023 (Sum) 

2023 

(Percentage) 

Origin of 
 the Region 

Sumatera 55,465 18.2% 58,959 17.2% 

Java 208,717 68.7% 233,233 68.0% 

Bali 799 0.3% 2,564 0.7% 

West Nusa Tenggara 7,424 2.4% 9,001 2.6% 

East Nusa Tenggara 1,606 0.5% 1,910 0.6% 

Borneo 14,500 4.8% 18,623 5.4% 

Celebes 11,936 3.9% 13,804 4.0% 

Maluku 2,092 0.7% 3,161 0.9% 

Papua 1,448 0.5% 1,732 0.5% 

Total 303,987 100% 342,987 100% 

Instrument 

The instruments that are equated are scientific literacy instruments used in AKMI 2022 and 2023 by 

referring to the framework with the following link: 

https://drive.google.com/file/d/1u4QwbsbZZ6mehm4Q21el0zWvKHCxmXbh/view?usp=drive_link 

The instrument consists of five variations of question format: multiple choice, complex multiple choice, 

matching, true-false, and short answer. These variations in question form are an integrative part of the 

stimulus (in the form of text or discourse), a characteristic of AKMI questions. This instrument has 

undergone a rigorous development process, starting from writing, review (both internal and external), 

https://drive.google.com/file/d/1u4QwbsbZZ6mehm4Q21el0zWvKHCxmXbh/
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and readability testing (on students and teachers) to field trials. Through a rigorous process, the resulting 

literacy score is hoped to reflect the portrait of the test taker’s abilities. 

 

Figure 1.  MSAT Design in AKMI 

The selected items whose parameters have been known through previous stages are assembled into a 

test set in the MSAT to be administered to test takers by considering the Test Information Function (TIF). 

Each test taker will go through 3 stages (stages) with different paths according to their respective abilities. 

At each stage, 10 (ten) items are tested with varying difficulty levels, context, question form, and content. 

The context used in scientific literacy includes personal, local or national, and global, with various forms 

of multiple-choice questions, complex multiple-choice, matching, true-false, and short answers. 

Meanwhile, the content being worked on at AKMI 2022 and 2023 includes health and disease, natural 

resources, environmental quality, mitigation, and science and technology. Thus, each test taker will face 

30 question items according to their respective paths. Through this method, it is hoped that it can test the 

consistency of the test taker’s thinking abilities and that the exam questions will not leak easily. 

Data Analysis 

With the help of the R program in the “mirt” and “plink” libraries, the Haebara and SL equating 

methods are implemented with the following stages. First, pre-equalisation analysis. Initially, the initial 

item analysis uses the Item Response Theory (IRT) model, carried out separately for each year’s data 

collection (2022 and 2023). This is done to assess the functionality of the test items and identify items 

that function well or not. 

Second, equalisation calibration. This stage uses the IRT method, specifically the one-parameter IRT 

model (1-PL) for dichotomous responses and the generalised partial credit model (GPCM) for 

polytomous responses. Following the AKMI mixed model approach, it is used to calibrate the parameters 

of the items on the same scale, focusing on the 90 anchor items to establish the relationship between the 

two forms. Third, post-equalisation analysis: the accuracy and fairness of the equalisation results are 

evaluated to determine whether the scores from both forms are accurate so as not to harm either group. 

In this way, it is hoped that the experiment results will provide a complete portrait of the test equipment’s 

condition and the participants’ abilities in 2022 and 2023.  

Results 

Information on the evaluation results of the distribution of difficulty of anchor items used by AKMI 

2022 and 2023, along with their characteristics for the two years, is presented in Table 2. This evaluation 

refers to four statistical measures: Average (M), Standard Deviation (SD), Maximum (Max), and 

Minimum (Min), each of which provides a unique perspective on the difficulty level. The complete 
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information on the anchor items, used as the basis for the analysis in this research, is presented in 

Appendix 1, while the visualisation is described in Figure 1. This article refers to Ayanwale (2023) to 

describe the item difficulty level index. Very easy items are marked with a negative difficulty index (less 

than -2). On the other hand, an item is said to be very difficult if it has an index of more than +2.   

From Table 2, the AKMI 2022 difficulty level has an average of 0.510, which shows that, on average, 

the questions are quite difficult. A standard deviation of 0.815 shows a reasonably considerable variation 

in the items’ difficulty level, indicating a mix of simple and complex items. This variability is further 

emphasised by the (maximum) difficulty level of 3.919, which implies the presence of very difficult 

questions. On the other hand, the difficulty level (minimum) at -0.921 indicates that some items may be 

considered less challenging or even too easy for participants. 

Table 2. Summary of Item Anchor Parameters (Difficulty Level Aspect) 

AKMI Question in 2022 and 2023 

Detail/Aspect AKMI in 2022 AKMI in 2023 

Average  0.510 0.479 

Deviation Standard  0.815 0.832 

Maximum 3.919 5.061 

Minimum -0.921 -4.030 

  

The following year, AKMI 2023 showed a slightly lower average difficulty level at 0.479, indicating a 

slight decrease in the difficulty at the test level accumulated from the test items. However, the standard 

deviation increased to 0.832, reflecting a broader spread in item difficulty levels. This increase shows a 

more significant difference between the easiest and most difficult items in 2023 compared to 2022. The 

(maximum) difficulty level increased significantly to 5.061, highlighting the introduction or increase in 

more complex questions. On the other hand, the difficulty level (minimum) decreased significantly to -

4.030, indicating that there are potentially much easier questions than the previous year’s questions. 

The visualisation in Figure 2 also supports the previous description. It is characterised by the difficulty 

level of the anchor items, which is not the same in the 2022 and 2023 implementations. This can be seen 

in the location of the difficulty levels in 2022 and 2023, which are above, right in the middle, and below 

the regression line. Most data points cluster around the ascending line of best fit, indicating a positive 

correlation. Items that are difficult in one year tend to maintain their difficulty level the following year. 

Outliers, or data points far from the best match line, certainly require deeper examination from the 

participant’s side, the implementation process in the field, or other aspects that could cause this to 

happen. 
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Figure 2. Distribution of Difficulty Level of Anchor Items 2022 and 2023 

The slope of the line indicates that the relationship is relatively proportional, although not perfect, as 

there is marked variability around the line. The plot also suggests a potential ceiling effect for the most 

challenging questions, as indicated by the less dense clustering of points at the upper end of the 2023 axis. 

This could indicate that the upper range of question difficulty experiences more variation and a potential 

increase in difficulty from 2022 to 2023. Thus, the scatter plot reveals that although there is consistency 

in the level of item difficulty from year to year, certain items show striking changes. 

In another aspect, the position of the item difficulty level of the anchor items on the theta scale in the 

2022 AKMI implementation forms the Test Characteristic Curve (TCC) for 2022. Likewise, the anchor 

items will have a TCC in 2023, which is not the same as in 2022. Through SL or Haebara equalisation, 

these two TCCs can be rescaled using one as a reference, with the 2023 TCC being used as a reference. 

The 2022 TCC shifts are depicted in Figure 3 and provide a comprehensive visualisation of the 

equalisation process’s role in maintaining the scores’ comparability between years. 

  

A B 

Figure 3. TCC Anchor items before and after equalisation  

Figure 3a displays the expected TCC on the original scale (before equalisation) for 2022 and 2023. 

The two curves are closely aligned, especially at the lower end of the ability spectrum, indicating that the 
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assessments were already relatively equal in terms of difficulty before equalisation. Because the curves 

differ slightly at higher ability levels, this may reflect fluctuations in item difficulty that need to be 

addressed by equalisation. Figure 3b represents the scaled scores (after equalisation), showing the 

convergence of the curves across the ability spectrum. This shows that the equalisation process has 

effectively adjusted the 2022 and 2023 scores, particularly across the average ability range, to ensure that 

the two test forms are comparable. 

Finally, equalisation through calibration of the two TCCs was carried out to ensure fairness of scores 

and comparability between the two forms of the test. Although the average difficulty level, as discussed 

previously, remains stable from 2022 to 2023, the equalisation process has addressed differences that may 

arise from variations in item difficulty. Thus, it can maintain the integrity of assessment measurements 

across different administrations. 

The equating coefficient at the next stage was obtained in both years, and the results are presented in 

Table 3. The value of 1 in both methods is due to the analysis process using the one-parameter IRT 

method (1-PL), which only considers the difficulty level (b value). The equalisation process appears to 

have a more significant effect on mid-range abilities, indicating that the original 2023 form of the test 

may be slightly easier for the average test taker compared to 2022. The scaled curve implies that individual 

ability levels are expected to yield the same score after equalisation regardless of the year the test was 

taken. 

Table 3. Test Sets Coefficient Equating in 2022 and 2023 

 Stocking-Lord  Haebara 

a 1 1 

b -0.101 -0.190 

Mean 746 740 

  

The results of equalising the anchor items are implemented on all questions so that the expected true 

score E(τ) is obtained, namely the actual score if the student answers all the questions. Even though 

students do not answer all the questions, based on the overall characteristics of the questions in each 

implementation, E(τ) can still be estimated. Based on Table 3, the equating scores produced by both 

methods are close to the same, with an average E(τ) value of 746 for SL and an average of 740 for 

Haebara. As an illustration, some of the score conversions from 2022 to 2023 are described in Appendix 

2. For example, an AKMI 2022 test taker with θ = -3, then E(τ) is 45. Looking at the implementation 

scale of AKMI 2023 without equalisation, we will get E(τ) = 90. However, if the equalisation coefficient 

is applied, you will get E(τ) = 98 if you use the SL method and E(τ) = 104 if you use the Haebara method. 

From 90 to 98 or 104, this indicates an increasing E(τ).  

Discussion 

The research results show that the overall average difficulty level is relatively stable, but the range of 

difficulty levels will expand in 2023. The improvement of maximum and minimum scores in 2023 

indicates diversification in the difficulty level of the questions, with more difficult and easier questions in 

the assessment. On the other hand, although the average difficulty level has been relatively consistent, 

there has been an addition of the difficulty range from 2022 to 2023. This change may imply a deliberate 

effort to fulfil a broader range of abilities or to introduce more variability in the questions tested based on 

this result. It is expected that diverse disparities in the abilities of madrasa students from all over Indonesia 

can be fully represented (Kusaeri & Aditomo, 2019; Umar et al., 2022).  

The description above indicates the importance of item parameters (in this context, the item difficulty 

level) in the equating process. However, the equating process in this research used the MSAT, where the 
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difficulty level is a crucial issue. When designing the MSAT, the difficulty level information is vital for 

determining the stage each student must pass to suit their abilities. Indeed, an initial stage is needed as a 

field test to obtain information on item parameters in the form of difficulty level (Widhiarso & Ridho, 

2022). The problem is ensuring that field testing participants answer the questions as in a real test. 

Similarly, Steinfeld and Robitzsch (2021) are concerned about the large number of test participants 

who often take the test as if it is accurate. As a result, the information on the difficulty level of the items 

obtained from the field testing results will be biased and cannot fully describe the actual abilities of the 

participants. Ersen and Lee (2023) suggest that the parameter estimation results must be as accurate as 

possible because they are essential in estimating the participants’ actual abilities at a later stage (during 

the official examination). Estimating participants’ abilities has implications for the equating process or 

results (Kilmen & Demirtasli, 2012). 

The analysis above can be explained through the MSAT stage in Figure 1. At stage 1, all participants 

will receive scientific literacy questions with a medium item difficulty level. The score obtained at this 

stage will determine the path and stage a participant will go through (Widhiarso & Ridho, 2022). If they 

exceed the minimum score, they will get a question set that is relatively more difficult at stage 2. On the 

other hand, they will get easier question sets when they fail to exceed the minimum predetermined score. 

Similarly, the participant’s success or failure in exceeding the cut-off score in stage 2 will affect the 

path they must take in stage 3. After they have completed all the test stages, their abilities will be 

estimated. Thus, at each stage, the role of item parameter estimation in item difficulty level cannot be 

denied. Inaccuracy in the parameter estimation process will have a fatal impact on the participants’ ability 

to estimate results, ultimately affecting the equating results. 

The research data shows that there are differences in the results of item parameter estimation (on 90 

anchor items) between 2022 and 2023. The items in 2022 are more difficult than in 2023. This fact is 

undoubtedly fascinating to reveal from various perspectives: trial participants, process implementation, 

and readiness of madrasas. Regarding trial participants, 2022 participants appear to be still experiencing 

shock due to the transition from online to offline learning, so they need an adjustment process. After they 

had experienced online learning for more than two years, there seemed to be a decline in various aspects, 

such as learning motivation, learning outcomes, and learning effectiveness (Umar et al., 2022). In the 

first year of online learning, there was a learning loss of 10-20%; in the second year, the learning loss 

improved to 70-80% (Lestari et al., 2023). On the other hand, the 2023 participants have become 

accustomed to the offline learning process again. Thus, it is logical that the difficulty level of anchor items 

in 2022 is higher than in 2023.  

From the aspect of the implementation process, the 2023 trial is better prepared than 2022. Madrasahs, 

the test sample, have been informed previously so that computer or laptop devices are well prepared 

(Kemenag, 2023). Meanwhile, the madrasah’s readiness to participate in the AKMI stages in 2023 is 

better than the previous year. This is marked by the learning process, assignments, and practice questions 

given in madrasas, which are starting to use AKMI questions and their various forms. In this way, they 

have more adequate provisions than the 2022 participants. The 2022 participants are also facing AKMI 

model questions for the first time (questions that begin with a stimulus in the form of text, reading, or 

infographics), which tend to be long and have not encountered them during learning. In the classroom 

(Le Hebel et al., 2017). As a result, the 2022 participants were shocked and had difficulty solving 

questions like this. Thus, this fact greatly influences the results of estimating item difficulty levels in 2022. 

Furthermore, research data shows how the equating coefficients produced by both methods (SL and 

Haebara) have produced similar estimations in the equating process. Previously, the researcher provided 

evidence that the two methods differ by only 6 points (98 for SL and 104 for Haebara). These results 

confirm the findings of previous research conducted by Kilmen & Demirtasli (2012) and Rahmawati & 

Mardapi (2015), which showed the effectiveness of using IRT-based equating methods such as SL and 

Haebara to compare test scores in various forms or test administrations. In addition, the research results 

show a strong correlation between the equating scores from the two methods. This result means a 
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reasonable level of agreement between the two methods. Therefore, this research focuses on comparing 

the harmony between the two methods rather than their goodness of fit. 

These results align with Setiawan (2019), who attempted to compare the Haebara and SL equating 

methods using National Examination results data in Indonesia in 2018, where the result shows that the 

Haebara method has a higher mean value than SL. Similarly, Lee & Ban (2009) use a random group 

design. They found that the Haebara method gave better results than the SL method. However, these 

findings differ from several other studies, such as (Aksekioglu, 2017) and Mutluer & Çakan (2023), who 

revealed that the SL method outperformed the Haebara method. Both research groups, either supporting 

or against the result of this current research, certainly enrich the scientific knowledge related to the SL 

and Haebara methods to help the equating process (Özdemir & Atar, 2022).  

Based on the results of the analysis and discussion described above, the differences in existing research 

have not been able to provide strong evidence that one equating method is better than another. 

Differences in findings between studies are very likely due to differences in several things, such as the 

characteristics of test takers and the types of questions tested. Differences in findings caused by differences 

in the characteristics of test participants and the types of questions give opportunities for other researchers 

to explore the topic of equating methods. Thus,  It should be emphasised that no single method can be 

used for all conditions and provide the best results. 

On the other hand, research data does not yet provide information on the distribution of the 90 anchor 

items used in the 2022 and 2023 equating process. That is, do the anchor items represent all the items 

used? Referring to the argument of Fink and Born (2018), the anchor items used in the equating process 

must represent the characteristics of the entire item, starting from the content, context, and form of the 

question. Kolen and Brennan (2014) also stated that the anchor item must be able to represent the 

statistical characteristics of the entire item, such as the distribution of difficulty levels. In the AKMI 

context, have the three contexts in scientific literacy (personal, local or national, and global) been 

accommodated in the anchor items? Including various forms of questions (multiple choice, complex 

multiple choice, matching, true-false, and short answers) as well as the content used (health and disease, 

natural resources, environmental quality, mitigation, and science and technology). These three aspects 

are an inherent part of scientific literacy that must be represented in anchor items.   

Using more items as anchor items (considering various aspects) is very important to ensure the 
accuracy of the equating results. However, the use of a large number of anchor items may raise concerns 
regarding testing safety (Wang, 2013). Care and accuracy in the process of selecting anchor items is a 
necessity. The trial design and process of assembling items into the MSAT system needs to be done 
carefully. Careless trial design and assembly processes can result in the three aspects inherent in scientific 
literacy above potentially not all appearing. The seriousness of the test participants is another prerequisite 
that must be met in order to obtain true item characteristics. Without all of this, it is impossible to fulfil 
the conditions stated by Fink & Born (2018) and (M. Kolen & Brennan, 2014).  

Conclusion 

Some key points of this research are highlighted as follows. First, the item difficulty level parameter 
as a reference in the equating process in 2022 is more difficult than in 2023. However, there is more 
significant variability in items between the easiest and most difficult questions in 2023 compared to 2022. 
This shows that the question design in 2023 had made adjustments with more variations in the difficulty 
level of the questions. Furthermore, both methods - SL and Haebara - have produced similar estimates 
in the equating process. In addition, there is a strong correlation between the equating scores from the 
two methods. Thus, it indicates a reasonable level of agreement between the two. Second, research data 
does not provide information about the distribution of anchor items used in the equating process. This 
means that information on the representation of all items used in Scientific Literacy, such as context, 
various forms of questions, and content, has not been concluded. These findings indicate the need for 
strict, careful standardisation and following psychometric principles from item development, ordering 
items, testing, determining anchor items, and ordering items in the MSAT application.  
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 Appendix 

Appendix 1. Average Item difficulties in Anchor Items 

Item b_2023 b_2022 

X40091 0.759 1.713 

X40095 0.190 0.656 

X40103 -0.631 -0.650 

X40099 0.471 0.490 

X40107 -0.184 0.550 

X40121 0.692 0.991 

X40137 -0.241 0.609 

X40129 0.316 -0.666 

X40125 0.623 0.614 

X40133 0.454 0.831 

X40122 0.948 0.537 

X40130 0.189 -0.403 

X40126 0.570 0.896 

X40134 0.292 0.764 

X40142 0.547 0.913 

X40154 -0.203 0.919 

X40145 0.666 0.815 

X40151 0.452 0.713 

X40148 0.521 -0.921 

X40143 0.273 0.641 

X40146 0.801 0.735 

X40155 -0.080 0.840 

X40149 0.234 -0.605 

X40144 0.780 1.118 

X40156 0.674 0.872 

X40147 0.702 0.719 

X40150 -0.605 -0.532 

X40157 3.171 0.999 

X40160 0.279 0.936 

X40169 0.377 0.125 

X40158 0.629 0.855 

X40161 -0.240 0.383 
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X40167 0.444 0.256 

X40164 0.739 0.817 

X40170 0.228 0.464 

X40180 1.003 0.546 

X40192 0.360 0.606 

X40186 0.006 -0.298 

X40195 5.061 1.435 

X40198 0.517 -0.381 

X40204 -0.055 0.259 

X40201 0.827 0.787 

X40207 0.332 0.289 

X40380 0.870 0.829 

X40395 0.617 0.662 

X40386 0.199 -0.598 

X40392 0.449 0.297 

X40389 0.607 0.396 

X40673 0.081 1.952 

X40697 0.676 0.175 

X40685 0.575 -0.866 

X40667 0.657 0.457 

X40679 0.613 0.487 

X40675 1.500 0.248 

X40693 0.438 -0.624 

X40687 0.389 -0.632 

X40669 0.165 0.503 

X40681 0.571 0.607 

X40729 0.057 0.989 

X40735 0.334 0.984 

X40723 0.000 -0.505 

X40705 0.477 0.809 

X40211 2.234 1.642 

X40217 0.638 0.153 

X40223 0.465 0.252 

X40421 0.204 -0.301 

X40416 0.340 0.826 
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X40431 0.474 0.305 

X40422 0.548 -0.160 

X40428 0.644 0.678 

X40425 0.685 0.581 

X40745 0.708 2.420 

X40757 0.070 -0.368 

X40751 0.438 0.116 

X41198 -4.030 -0.772 

X41190 0.019 0.180 

X40815 0.751 1.997 

X40827 0.887 1.035 

X40823 0.097 0.159 

X40811 0.230 3.919 

X40819 0.889 -0.284 

X40475 0.676 0.739 

X40485 0.610 0.594 

X40483 0.609 3.258 

X40481 0.807 0.700 

X40479 0.059 -0.566 

X40476 0.498 1.360 

X40486 0.663 -0.131 

X40484 0.525 0.878 

X40480 0.215 -0.739 

   

M 0.479 0.510 

SD 0.832 0.815 

Min -4.030 -0.921 

Max 5.061 3.919 

 
 

 Pelaksanaan 2023  Pelaksanaan 2022 

Butir b1 b2 b3  b1 b2 b3 

X40091 0.759    1.713   

X40095 0.19    0.656   

X40103 -1.983 -0.534 0.623  -2.501 -0.437 0.987 
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X40099 6.996 -6.054   0.972 0.007  

X40107 9.584 -9.952   9.154 -8.054  

X40121 0.692    0.991   

X40137 -0.241    0.609   

X40129 -0.912 0.152 1.708  -2.403 -0.514 0.92 

X40125 6.99 -5.745   1.32 -0.092  

X40133 10.148 -9.241   10.337 -8.676  

X40122 0.948    0.537   

X40130 -0.843 0.032 1.377  -2.271 -0.088 1.151 

X40126 5.991 -4.852   1.36 0.431  

X40134 9.19 -8.606   9.245 -7.718  

X40142 0.547    0.913   

X40154 -0.203    0.919   

X40145 6.976 -5.644   1.509 0.121  

X40151 10.548 -9.645   1.343 0.082  

X40148 -0.675 0.294 1.944  -2.31 -0.694 0.24 

X40143 0.273    0.641   

X40146 7.09 -5.488   1.46 0.009  

X40155 -0.08    1.402 0.277  

X40149 -0.673 0.147 1.228  -2.112 -0.456 0.752 

X40144 0.78    1.118   

X40156 0.674    0.872   

X40147 7.014 -5.61   1.405 0.032  

X40150 -2.334 -0.367 0.887  -2.03 -0.535 0.968 

X40157 3.171    0.999   

X40160 0.279    0.936   

X40169 9.737 -8.983   8.825 -8.575  

X40158 0.629    0.855   

X40161 -0.24    0.383   

X40167 -0.725 0.258 1.798  -1.298 0.266 1.801 

X40164 7.193 -5.715   1.554 0.079  

X40170 10.683 -10.23   9.04 -8.111  

X40180 1.003    0.546   

X40192 0.36    0.606   

X40186 -1.826 0.087 1.756  -1.398 -0.28 0.784 
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X40195 5.061    1.435   

X40198 0.517    -0.381   

X40204 -1.827 -0.01 1.673  -1.333 0.358 1.753 

X40201 7.43 -5.777   1.488 0.086  

X40207 10.477 -9.813   8.963 -8.385  

X40380 0.87    0.829   

X40395 0.617    0.662   

X40386 -1.785 0.007 2.376  -1.92 -0.515 0.641 

X40392 5.225 -4.327   0.835 -0.241  

X40389 9.732 -8.518   9.02 -8.228  

X40673 0.081    1.952   

X40697 0.676    0.175   

X40685 -0.775 0.15 2.351  -2.486 -0.671 0.558 

X40667 6.312 -4.999   1.405 -0.492  

X40679 10.659 -9.433   9.118 -8.145  

X40675 1.5    0.248   

X40693 0.438    -0.624   

X40687 -1.326 0.437 2.057  -2.675 -0.326 1.104 

X40669 4.818 -4.488   1.478 -0.473  

X40681 7.57 -6.429   9.207 -7.994  

X40729 0.057    0.989   

X40735 0.334    0.984   

X40723 -1.318 0.345 0.972  -2.193 -0.388 1.066 

X40705 4.925 -3.972   1.343 0.274  

X40211 2.234    1.642   

X40217 6.962 -5.686   1.924 -1.619  

X40223 10.855 -9.926   5.487 -4.983  

X40421 -1.496 0.006 2.102  -2.872 -0.178 2.146 

X40416 0.34    0.826   

X40431 0.474    0.305   

X40422 -1.035 0.314 2.366  -1.484 -0.256 1.26 

X40428 7.344 -6.056   1.332 0.023  

X40425 7.863 -6.494   9.953 -8.791  

X40745 0.708    2.42   

X40757 -1.906 0.341 1.774  -2.639 -0.045 1.58 
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X40751 7.177 -6.301   5.659 -5.427  

X41198 -4.03    -0.772   

X41190 -0.033 -0.603 0.693  7.118 -6.758  

X40815 0.751    1.997   

X40827 0.887    1.035   

X40823 -1.858 0.179 1.971  -1.061 0.419 1.12 

X40811 6.225 -5.766   3.919   

X40819 6.843 -5.066   4.642 -5.21  

X40475 0.676    0.739   

X40485 0.61    0.594   

X40483 6.446 -5.228   1.37 -0.14 8.545 

X40481 10.741 -9.127   1.408 -0.009  

X40479 -1.724 0.06 1.841  -1.838 -0.415 0.555 

X40476 0.498    1.36   

X40486 0.663    -0.131   

X40484 6.225 -5.175   2.41 -0.654  

X40480 -1.516 0.088 2.074  -1.842 -0.472 0.098 

 

Appendix 2. Expected Score 2022 as 2023 

T 2022 on T2023 Scale (SL) 

T 2022 on T2023 Scale (H) 

 Theta T 2023 T 2022 T 2022 

Lord 

T 2022 

Haebara 

1 -4.0 42 19 45 48 

2 -3.9 45 20 49 52 

3 -3.8 49 22 52 56 

4 -3.7 52 25 57 61 

5 -3.6 57 27 61 66 

6 -3.5 61 29 66 71 

7 -3.4 66 32 72 77 

8 -3.3 72 35 77 83 

9 -3.2 77 38 84 90 

10 -3.1 84 42 90 97 

11 -3.0 90 45 98 104 

12 -2.9 97 49 105 113 
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13 -2.8 105 54 114 122 

14 -2.7 114 58 123 131 

15 -2.6 123 63 132 142 

16 -2.5 132 69 143 153 

17 -2.4 143 74 154 165 

18 -2.3 154 81 166 177 

19 -2.2 166 87 179 191 

20 -2.1 179 94 193 206 

21 -2.0 192 102 207 221 

22 -1.9 207 110 223 238 

23 -1.8 223 118 240 256 

24 -1.7 239 128 258 275 

25 -1.6 257 138 277 295 

26 -1.5 276 148 297 317 

27 -1.4 297 160 319 340 

28 -1.3 319 172 342 365 

29 -1.2 342 185 367 391 

30 -1.1 367 199 394 420 

31 -1.0 394 214 423 450 

32 -0.9 423 231 454 483 

33 -0.8 453 249 487 518 

34 -0.7 486 268 522 556 

35 -0.6 522 288 561 597 

36 -0.5 560 310 602 641 

37 -0.4 601 333 646 688 

38 -0.3 646 359 694 739 

39 -0.2 693 385 745 794 

40 -0.1 745 414 800 852 

41 0.0 800 444 859 914 

42 0.1 858 475 921 980 

43 0.2 921 508 988 1050 

44 0.3 987 542 1057 1122 

45 0.4 1057 576 1130 1197 

46 0.5 1129 612 1205 1274 

47 0.6 1205 647 1282 1352 
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48 0.7 1282 682 1360 1430 

49 0.8 1359 717 1438 1507 

50 0.9 1437 752 1515 1582 

51 1.0 1514 785 1591 1655 

52 1.1 1590 817 1663 1725 

53 1.2 1663 848 1733 1792 

54 1.3 1732 877 1799 1854 

55 1.4 1798 904 1860 1911 

56 1.5 1859 929 1917 1964 

57 1.6 1917 953 1970 2013 

58 1.7 1970 975 2018 2058 

59 1.8 2018 995 2063 2099 

60 1.9 2062 1014 2103 2136 

61 2.0 2103 1031 2140 2169 

62 2.1 2139 1047 2173 2200 

63 2.2 2173 1061 2203 2228 

64 2.3 2203 1074 2231 2253 

65 2.4 2230 1086 2256 2276 

66 2.5 2255 1097 2278 2297 

67 2.6 2278 1107 2299 2316 

68 2.7 2299 1116 2318 2334 

69 2.8 2318 1124 2336 2350 

70 2.9 2336 1132 2352 2365 

71 3.0 2352 1139 2366 2379 

72 3.1 2366 1145 2380 2391 

73 3.2 2380 1151 2392 2403 

74 3.3 2392 1156 2404 2413 

75 3.4 2404 1161 2414 2423 

76 3.5 2414 1165 2424 2432 

77 3.6 2424 1169 2433 2440 

78 3.7 2433 1173 2441 2448 

79 3.8 2441 1176 2449 2455 

80 3.9 2449 1179 2456 2462 

81 4.0 2456 1182 2463 2468 

 


