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 Purpose of the study: This study aims to evaluate the quality of items in 

retention and transfer tests related to additive and addictive substances. Using 

Rasch modeling, the study seeks to enhance the management of learning 

evaluations and improve our understanding of student abilities and question 

quality. 

Methodology: The research utilizes the Rasch Model to analyze retention and 

transfer test instruments on science topics involving additives and addictive 

substances. Conducted with Winstep software, the analysis focuses on the 

performance of 92 purposively sampled 8th-grade students during their first 

semester of junior high school. The study examines retention and transfer 

abilities, comprehensively evaluating the test items. 

Main Findings: The Winstep program analysis reveals that, according to the 

Rasch model, the average ± MNSQ Outfit values for both items and persons are 

0.92. The Outfit ZSTD values for items and persons are -0.12 and -0.01, 

respectively. The instrument's reliability, measured by Cronbach's alpha, is 0.60, 

indicating moderate reliability. The research findings demonstrate that each item 

in the instrument is valid and reasonably reliable, with all 20 items deemed 

suitable for assessing student performance in retention and transfer tests. 

Novelty/Originality of this study: This study offers a detailed examination of 

retention and transfer test instruments' quality using the Rasch Model, providing 

valuable insights for enhancing the accuracy and reliability of these assessment 

tools. The research significantly improves educational assessments in science 

education, particularly in evaluating students' understanding of additives and 

addictive substances. 
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1. INTRODUCTION 

Science education, especially in the realm of Natural Sciences (IPA), plays a crucial role in shaping 

students' understanding of scientific concepts. One of the in-depth topics in science learning is the topic of 

additives and addictive substances. Good understanding of this material not only requires students to remember 

the information (retention test), but also to be able to apply these concepts in new contexts (transfer test). 

Students' competency in mastering science material and concepts is still considered inadequate [1]-[4]. Although 

there are various evaluation methods used in science education, many have not been able to effectively measure 

students' understanding and transfer ability in additive and additive materials. Previous research shows that there 

are still deficiencies in the evaluation instruments used, both in terms of validity and reliability [5], [6]. This 

indicates an urgent need to develop better evaluation instruments. 
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In an effort to improve the quality of measuring student performance in science material on additives 

and addictive substances, an evaluation instrument is needed that can provide valid and reliable results. 

Evaluation is an assessment action that aims to measure the level of success of a learning process [7], [8]. In 

measurement, there is a comparison between a prediction and a certain standard. The results of this measurement 

are then interpreted and considered as part of the assessment process [9], [10]. The use of the Rasch Model, as a 

measurement analysis method in the context of tests, is becoming increasingly important to ensure that the 

instruments developed have the right level of difficulty and can provide accurate information about students' 

abilities [11], [12] 

The Rasch model is one of the modern analytical models that can be used to determine the feasibility of 

an instrument [4]. The Rasch model can be used to assess the level of index reliability [13], analyze items at each 

level [14], evaluate respondent reliability [15], as well as detect bias for each item on the test instrument and 

identify dimensionality [16]. Another advantage of the Rasch model is its capability to accommodate tests with 

item administration designs that involve random distribution [17], [18] 

Through the implementation of the Rasch Model in the development of two-tier test instruments 

(retention tests and transfer tests), it is hoped that an evaluation instrument that is adequate and sensitive to 

differences in student abilities can be created. This will support teachers in providing more accurate feedback to 

improve the learning process and students' understanding of additive and addictive substance material.  

Question item analysis can be used as diagnostic information to determine whether students understand 

what they have learned and to improve the quality of questions by correcting or eliminating invalid questions 

[19]. This research aims to detect the quality of the items in the assessment of retention tests and transfer tests on 

additive and addictive substance material. which is useful for improving the management of the implementation 

of learning evaluations and increasing information about students' abilities and the quality of the questions given, 

analysis of the questions is carried out using Rasch modeling. 

 

 

2. RESEARCH METHOD 

This research is a quantitative - descriptive study. This research applies the Rasch Model to evaluate 

retention test instruments and transfer tests on additive and addictive science material. This analysis was carried 

out with the help of Winsteps software. The data collection method was carried out through instrument sheets in 

the form of retention tests and transfer tests, with a focus on the responses of Class VIII students at Junior high 

school 7 Muaro Jambi when taking retention tests and transfer tests. The data used in this research is 

dichotomous, with a dichotomous scoring model which refers to the dichotomous logistic model, in accordance 

with the principles explained by Hambleton, Swaminathan, and Rogers in Retnawati [20]. The population in this 

study consists of Class VIII students at Junior high school 7 Muaro Jambi. The sampling technique used is 

purposive sampling, where the sample is selected based on specific criteria relevant to the research objectives. 

The number of samples taken is 75 students. 

The instruments used in this research are retention tests and transfer tests, each consisting of 20 

questions, focusing on science material on additives and addictive substances. These tests are designed to 

measure student performance in understanding science learning through multimedia. These instruments are 

adapted from previous research that has been tested for validity and reliability. In this study, the instruments 

were adopted and adapted according to the context and needs of the research. Data collection was conducted 

through retention tests and transfer tests administered to the students. The data collected consists of student 

response data using multiple choice questions that are dichotomous, i.e., correct or incorrect. 

Data analysis was carried out using the Rasch Model, implemented through Winsteps software [24]. 

The Rasch Model is used to develop a measurement model that relates the respondent's ability level (person 

ability) to the difficulty level of the items (item difficulty). This analysis includes: 

1. Reliability: Produces values for item reliability, individual reliability, and Cronbach's alpha (item-

person). 

2. Dimensionality: Conducted to determine whether the measurement instrument focuses on only one 

dimension. An optimal instrument is unidimensional, meaning it measures only one variable or 

concept [21]. 

3. Item and Respondent Fit: Analysis of item or respondent parameters is used to assess the fit 

between items and responses with the model. Fit criteria include Point Measure Correlation (0.32 

< x < 0.8), Outfit Mean Square (0.5 < y < 1.5), and Outfit Z-standard (-2.0 < z < +2.0). Data that 

fits the Rasch model has a mean square value of 1.0 and a Z-standard value of 0.0. 

4. DIF Analysis: Conducted to assess whether the items compiled contain bias or favor one group, 

such as gender. If the probability value (PROB) in the table is less than 0.05, it indicates that the 

item contains bias. 

By using the Rasch Model, this research aims to evaluate the quality of the instruments and adjust the 

parameters to suit the characteristics of the respondents and the desired measurement objectiv. The Rasch model 
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develops a measurement model that can relate the relationship between the level of student respondent's ability 

(person ability) and the level of item difficulty (item difficulty). Student respondents with high skills will be able 

to solve questions that have a lower level of difficulty [22]. The Rasch model can analyze data that is 

dichotomous or polytomous. The Rasch model assumes that the level of difficulty of an item is influenced by the 

response from the respondent, while individual ability is influenced by the estimated level of difficulty of an 

item [23] 

The assessment of the retention test and transfer test instruments in this study includes research on 

reliability, dimensions, validity, and differential item function (DIF) analysis. The data analysis processing 

process was carried out using the Winstep software application [24]. Reliability analysis using the Rasch model 

produces item reliability values, individual reliability, and Cronbach's alpha (item-person). Dimensionality 

analysis is carried out to determine whether the measurement instrument only focuses on one dimension. The 

optimal instrument is unidimensional, measuring only one variable or concept. For can be considered a 

unidimensional instrument, an instrument must meet the requirements of having a minimum raw variance value 

of 20%. 

Analysis of item or respondent parameters used to assess the suitability between items and responses 

with the model must meet three criteria, namely: Point Measure Correlation (x) : 0.32 < x < 0.8 then Outfit Mean 

Square (y): 0.5 < y < 1.5, and Outfit Z standard(z): -2.0 < z < +2.0. Data that corresponds to the Rasch model has 

a mean square value of 1.0 and a Z-standardized value of 0.0. An item is said to be misfit if the item is too easy 

or in other words the logit value is too negative or too difficult (a large positive logit value). Or, if the resulting 

logit value does not meet the three criteria mentioned above, items that not meeting these requirements indicates 

that the item does not adequately measure the desired trait or trait [30]. 

DIF analysis aims to assess whether the items compiled contain bias or favor one party, such as gender. 

The criteria applied is to look at the PROB value in the table. if the probability value is less than 0.05, it indicates 

that the item contains bias. In this research, DIF analysis was carried out based on the gender variable. 

 

Table 1. Categories of Reliability-Person Values and Reliability-Item Items 

Person-Reliability and Item-Reliability Values Category 

< 0.67 Weak Category 

0.67 – 0.80 Sufficient Category 

0.80 – 0.90 Good Category 

0.91 – 0.94 Very Good Category 

> 0.94 Special Category 

 

Table 2. Cronchbach Alpha Value Criteria (Reliability) for Question Items 

Alpha-Cronchbach Value (Reliability) Criteria 

< 0.50 Bad 

0.50 – 0.60 Bad 

0.60 – 0.70 Enough 

0 .70 – 0.80 Good 

> 0.80 Very good 

 

Calculation of Item Fit Order The level of suitability of the items (validity) which is used to explain 

whether each item operates normally in carrying out measurements. Item Measure, in this context, reflects the 

level of difficulty of each question item. 

 

Table 3. Difficulty Level Categories of Question Items 

Logit Value Category 

Greater than +1.37SD Very difficult 

0.0 Logit +1.37SD Difficult 

0.0 Logit -1.37SD Currently 

Smaller than -1.37SD Easy 

 

In contrast to the Item Measure which is the level of difficulty of the question item, there is a Person 

Measure which is the level of student ability or the student's ability to answer questions. 

 

Table 4. Criteria for Grouping Student Abilities 

Logit Value of Student Ability Criteria 

Greater than 1.80 Tall 

Less than 1.80 Currently 

Less than -1.29 Low 
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Next, the Person fit order is used to detect individuals whose response patterns are inappropriate or 

different. Based on [24], Analysis of item or respondent parameters used to assess the suitability between items 

and responses with the model must meet three criteria, namely: Point Measure Correlation (x): 0.32 < x < 0.8 

then Outfit Mean Square (y) : 0.5 < y < 1.5, and Outfit Z standard(z): -2.0 < z < +2.0. An item is considered 

misfit if it is too easy (with a very negative logit value) or too difficult (with a very positive logit value); or if the 

resulting logit value does not meet the three criteria mentioned above. Items that do not meet these requirements 

indicate that the item does not adequately measure the desired characteristics or traits [30]. Apart from that, the 

Rasch model used can also analyze Differential Item Functioning (DIF) [25]. The DIF analysis itself was carried 

out in this study based on gender. The criteria used in the analysis are probability values, if the prob <0.05 means 

the item is categorized as containing bias (DIF). 

 

 

3. RESULTS AND DISCUSSION 

Retention tests and transfer tests are two tier standard tests that have the ability to measure the ability to 

remember and understand material. This test is used to measure the extent of student performance through the 

application of multimedia. The retention test and transfer test consist of 10 multiple choice questions each for 

retention questions and 10 multiple choice questions for transfer test questions with a total of 20 questions. 

The Rasch model has the ability to carry out analysis of test items, respondent analysis, and even 

achieve comprehensive instrument analysis [26]. Another advantage of rash analysis lies in its ability to provide 

statistical summary results and very detailed test information functions [27]. The information function provided 

by the Rasch model is comprehensive, providing guidance to instrument makers to make logical, precise and 

scientific decisions based on in-depth analysis. In testing the quality of the instrument, the Rasch model is used 

with the aim of providing comprehensive information about the quality of the response patterns of student 

respondents as a whole, the quality of the test instruments, and the interaction between student respondents and 

the research instruments used. The results of this analysis can be found in Figure 1. 

 

 

 
Figure 1. Reliability value of retention test instruments and transfer tests on additive and addictive substances 
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Based on the output image of the Winstep application table above, which is the result of data analysis of 

student responses, it can be seen that the average score of respondents in working on retention and transfer test 

questions by student respondents is 0.99. This means that the average value obtained is greater than the logit 

value of 0.00, which indicates that the ability of the student respondents is lower than the difficulty level of the 

questions. 

In the results of the analysis of the reliability of the retention test and transfer test instruments on 

additive and addictive substance material, it was obtained at 0.91 and the person-reliability was obtained at 0.51. 

This shows that the reliability of the retention test instrument and transfer test instrument for additive and 

Addictive is included in the good category. In the Rasch model, apart from being able to obtain the results of the 

reliability analysis of instruments and people, you can also obtain Cronbach-Alpha values, which is the 

reliability of the interaction between the person and the items as a whole. Based on the results of the analysis, it 

can also be seen that the Cronbach's Alpha value obtained was 0.60, which is included in the sufficient category. 

The results of the analysis can be seen in table 1. 

Next, the average values of the OUTFIT MNSQ and INFIT MNSQ person are 0.92 and 1.00 

respectively. These results indicate that the values obtained are at a level that is considered ideal. In addition, for 

the INFIT - ZSTD and OUTFIT ZSTD values, it was found to be 0.10 and -0.01, which are close to the ideal 

value of 0.0. This shows that the quality is getting better. The level of item difficulty is a parameter that 

describes how difficult it is for a group of respondents taking retention tests and transfer tests on additive and 

addictive substance material to provide the correct response to an item. Information about item difficulty levels 

can be found in figure 2. 

 

 
Figure 2. Analysis of the difficulty level of the questions 

 

Based on the analysis of the level of difficulty of the questions, it can be seen that question number 15 

(P15) in the retention test and transfer test of additive and addictive material has the highest logit value, namely 

1.93, indicating that this question is the most difficult. Followed by questions number 13 and 14 (P13) and (P14) 

which are also included in the most difficult question category. On the other hand, question number 19 (P19) is 

considered the easiest question with a logit value of -1.72. According to the Rasch model, the higher the logit 

value, the greater the level of difficulty of the question, and vice versa, if the lower the logit value, the easier it 

will be for students to answer the question. The results of the analysis of the level of difficulty of the questions 

using the Winstep application provide more convenience to users because the results of the analysis of the level 

of difficulty of the questions have been sorted from the highest level of difficulty in this case question number 15 

(P15) to the lowest level of difficulty in this case question number 19 (P19). Of course, the results of this 
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analysis make it easier to identify questions that have a high level of difficulty and questions that have a low 

level of difficulty. 

In the analysis using the Rasch model, apart from the level of difficulty of the question items, the 

quality of the suitability of the question items with the model, namely the item fit model, can also be produced. 

Item fit analysis is an evaluation of whether an item functions normally in the measurement process. If there is a 

mismatch (fit), this can indicate potential misconceptions experienced by the respondent regarding the question 

item. In other words, the results of item fit analysis provide an overview of the extent to which the items can 

provide an appropriate measure of the characteristics or skills being measured, as well as the extent to which the 

respondents' responses are in line with expected expectations. This analysis plays a critical role in ensuring the 

integrity and validity of the measurement instrument. Based on research by Boone et al. (2014) and Bond and 

Fox (2015), criteria such as outfit mean square value, point measure correlation, and outfit z-standard are used to 

assess the level of suitability of the question items (item fit). If a question item does not meet all three of these 

criteria, it can be concluded that the quality of the question item can be said to be poor and needs to be revised or 

even replaced. This is necessary to ensure that the respondent's understanding is truly tested through the use of 

appropriate and good quality question items. The item fit indicators for all question items involve 3 things that 

need to be fulfilled, namely Outfit Z Standard (-2.0 <ZSTD < +2.0), Outfit Mean Square (0.5 < MNSQ < 1.5), 

and Pt Measure Correlation (0.4 < Pt Measure Corr < 0.85). The results of the analysis of the suitability of 

retention test items and transfer tests on additive and addictive substances can be found in Figure 3. 

 

 
Figure 3. Level of suitability of question items 

 

Based on the results of the table output from the Winstep application as in Figure 3 above regarding the 

analysis of the level of suitability of the question items, it can be seen that in the items there are no questions that 

do not meet the three criteria, each question item has an average of 2 of the 3 criteria. so there is no need to 

throw away any questions. However, there are 13 items that must be revised, namely items 15 (P15), 13 (P13), 

14 (P14), 3 (P3), 12 (P12), 10 (P10), 2 (P2), 11 (P11), 1 (P1), 17 (P17), 16 (P16), 18 (P18), AND 19 (P19). 

One indicator of the validity of a measurement is the absence of bias in the instrument and each 

question item used [30]. An instrument or question item is said to have bias when it is found that one individual 

with certain characteristics gets greater benefits compared to other individuals who have other characteristics. In 

the Rasch model, bias identification is known as differential item functioning (DIF). In this study, DIF analysis 

was carried out to assess whether the items compiled contained bias based on gender or not. The table is used as 

a criterion, where a probability value (PROB) of less than 0.05 indicates the presence of bias in an item. The 

results of the DIF analysis can be accessed in Figure 4. 
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Figure 4. DIF value for each item on the retention test instrument and transfer test on additive and addictive 

substance material 

 

Based on the Winstep output table provided, it can be concluded that there are no items that show DIF 

(Differential Item Functioning). This means that the twenty items are not specifically beneficial or detrimental 

for only one gender. This DIF analysis shows that there are no systematic differences in the way male student 

respondents and female student respondents answer questions, so that this item can be considered to have no bias 

influence towards certain gender groups. 

 

 
Figure 5. Raw Variance Value of retention test instruments and transfer tests on additive and addictive 

substances 

 

Based on the Rasch Model analysis, it was found that the set of retention and transfer test instruments 

on additive and addictive substances had a Raw Variance value of 23.9%. These results indicate that the test 

instrument has good construct validity. Raw variance is considered a latent measure of an instrument being 

measured, and this helps verify the measurement construction of the instrument. Validity here is not only related 

to the content, but also includes the consequences of using test scores. By using the Rasch measurement model, 

analysis can assess the extent to which test items correspond to the identified constructs of the test instrument as 

a whole. The results of this analysis provide information about the suitability of the items to the general 

construction of the test instrument. 

Each measurement always provides data regarding the measurement results, and the measurement 

information obtained is very dependent on the relationship between the individual and the test being measured. 
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The information resulting from measurements is influenced by the degree of variation in the results obtained. In 

the framework of the theory of item response according to the model, the information function itself can be 

divided into two aspects, namely the item information function for each item and also the test information 

function for the entire test. In item response theory, the information function of the item is the main determinant 

in selecting appropriate items, in contrast to the item analysis approach in classical test theory. In addition, to 

evaluate the overall quality of a test consisting of a number of items, item response theory tends to utilize the 

information function of the test rather than relying on reliability coefficients, which is the main approach in 

classical test theory. 

The information function is used to describe the strength of the question items on the instrument or test, 

select instrument or test items and compare test instruments [28], [29] The information function indicates the 

extent of superiority or contribution of a test in describing the hidden characteristics measured by the test. When 

the skill level is low, the level of information resulting from the measurement is also low. Likewise, the level of 

ability or ability of respondents is very high and medium. At a medium level of capability, the information 

obtained by measurement is very high. This shows that retention test items and transfer tests on additive and 

addictive substances produce optimal information when given to subjects with moderate abilities. This means 

that the test questions are tests with a medium level of difficulty [30]. This is supported by the results of the test 

reliability coefficient analysis in Figure 1, namely 0.99, where the measure or logit value is = 0, indicating that 

the retention and transfer tests suitable for measuring student performance after being exposed to multimedia. 

 

 

4. CONCLUSION 

Based on the research and discussions that have been carried out, several conclusions can be drawn. The 

results of the reliability analysis of the retention test and transfer test instruments on additives and addictive 

substances showed a value of 0.99, while individual reliability (person reliability) was obtained at 0.51. This 

shows that the reliability of retention tests and transfer tests on science material with additives and addictive 

substances is in the sufficient category. Based on the results of the analysis, it can be seen that the Cronbach's 

Alpha value obtained at 0.60 is included in the sufficient category.Based on the results of the analysis, it can also 

be seen that the Cronbach's Alpha value obtained was 0.60, which is included in the sufficient category. 

Based on the results of data analysis regarding the level of difficulty of the questions, it can be seen that 

question number 15 (P15) in the retention test and transfer test of science material on additives and addictive 

substances has the highest logit value, namely 1.93, indicating that this question is the most difficult. Followed 

by questions number 13 and 14 (P13) and (P14) which are also included in the most difficult question category. 

On the other hand, question number 19 (P19) is considered the easiest question with a logit value of -1.72. The 

average INFIT MNSQ and OUTFIT MNSQ for individuals were 1.00 and 0.92 respectively, indicating that the 

values obtained were at a level considered ideal. Meanwhile, the INFIT ZSTD and OUTFIT ZSTD values were 

found to be 0.10 and -0.01 respectively, close to the ideal value of 0.0, which indicates an increase in quality. 

Likewise, the mean INFIT MNSQ and OUTFIT MNSQ for the items were 1.00 and -0.92 respectively, 

indicating the resulting values were in line with the desired standards. For INFIT ZSTD and OUTFIT ZSTD, the 

figures are 1.0 and -0.1, close to the ideal value of 0.0, indicating increased quality. 

Based on the analysis of the level of suitability of the question items, it can be seen that in the items 

there are no questions that do not meet the 3 criteria, each question item on average has 2 of the 3 criteria. so 

there is no need to throw away any questions. However, there are 13 items that need to be revised. Based on the 

DIF analysis, we can see that there are no items that show DIF (Differential Item Functioning). This DIF 

analysis shows that there are no systematic differences in the way male and female student respondents answer 

questions, so that this item can be considered to have no biasing influence towards certain gender groups. 
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