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Abstract 

STEM literacy is crucial in the 21st century, encompassing science, technology, 

engineering, and mathematics, allowing individuals to understand and apply 

conceptual knowledge to real-life problems. Evaluation of STEM literacy 

instruments is essential for improving the quality of STEM learning. This study 

aims to evaluate the STEM literacy test instrument using multidimensional 

Rasch analysis. This study employed a quantitative approach, including a 

description to validate the research instrument. The instrument consists of 22 

items measuring science, technology, engineering, and mathematics literacy, 

focusing on elements, compounds, and mixtures. Participants included 259 

eighth-grade students randomly selected from public junior high schools in 

Balongpanggang and Benjeng, Gresik, East Java. Data analysis employed a 

Rasch model with ConQuest programs. Results indicated that the 

multidimensional model had better-fit parameters than the unidimensional 

model and demonstrated that the item's validity and instrument's reliability 

meet requirements. The interaction between students' abilities and items 

revealed that most students have moderate to low STEM literacy abilities. 

Additionally, the analysis found no differential item functioning based on 

gender differences. This research indicates that multidimensional Rasch 

analysis helps evaluate STEM literacy test instruments so that valid and reliable 

instruments can provide accurate measurements in improving students' STEM 

literacy skills. 
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INTRODUCTION 

 

STEM literacy plays a crucial role in 21st-

century learning. STEM literacy is the ability to 

understand and apply conceptual knowledge to 

solve problems in science, technology, engineering, 

and mathematics in everyday life (Wannapiroon et 

al., 2021). STEM literacy is not limited to 

disciplinary knowledge; it also shapes the 

dispositions and skills needed to face a dynamic and 

complex future (Falloon et al., 2020; Setiawan et al., 

2023). In learning, STEM literacy contributes to 

developing critical thinking and fosters a growth 

mindset so students succeed in various fields (Wu et 

al., 2024). Therefore, it is essential to encourage and 

improve the quality of STEM learning, including in 

the learning evaluation process. 

Evaluation plays a crucial role in enhancing 

STEM literacy. Practical evaluation assists teachers 

in identifying the strengths and weaknesses of 

STEM learning, thus enabling continuous 

adjustments and improvements (Li et al., 2020). 

Evaluation can provide valuable feedback to 

students, including their STEM literacy skills, which 

can help them correct mistakes, understand STEM 

concepts more accurately, and apply them in 

different contexts. In addition, the presence of 

evaluation can also ensure equal access to learning 

experiences and create an inclusive learning 

environment (Jackson et al., 2021). Therefore, there 

is a need for evaluation instruments to measure valid 

and reliable STEM literacy and improve STEM 

learning quality. 

STEM literacy involves three domains, 

namely context, practice, and content (Ardianto et 

al., 2019). The measurement of STEM literacy in the 

content domain is related to cognitive abilities in 

STEM disciplines. STEM literacy measurement can 

focus on the conceptualization of knowledge 

acquisition and the application of STEM issues 

where the dimensions of multidisciplinary STEM 

literacy become an integrated part of a holistic 

understanding (Huang et al., 2022; Tang & 

Williams, 2019). Fallon et al. (2020) reviewed that 

the existing STEM literacy test instruments can 

measure conceptual understanding and problem-

solving skills. Although Chamrat et al. (2019) 

recommend that STEM literacy tests focus on 

STEM integration, several STEM literacy test 

instruments in Indonesia are still being developed 

based on the dimensions of multidisciplinary STEM 

literacy (Nurlaely et al., 2017; Suwana et al., 2023). 

A good instrument for measuring STEM 

literacy must meet the criteria of validity and 

reliability. Validity refers to the extent to which an 

instrument can accurately measure what it intends 

to measure, while reliability refers to the consistency 

of the measurement (Ghazali, 2016). In the context 

of STEM literacy, ensuring the validity and 

reliability of the testing instrument is crucial to 

accurately and consistently measure STEM skills 

and knowledge. The test instrument must also be 

free from bias and be effectively applicable in 

various contexts and populations. Additionally, 

Arikan et al. (2020) revealed that the test instrument 

should measure various skills in the STEM field, 

such as problem-solving, critical thinking, and 

reasoning. Therefore, evaluating test instruments, 

including STEM literacy test instruments, is 

essential in education and research. 

Rasch analysis is a statistical approach used 

to evaluate STEM literacy test instruments. Rasch 

analysis operates within the Item Response Theory 

(IRT) framework, known for its robust approach to 

measuring latent traits. This allows for a more 

precise and objective measurement of students' 

abilities compared to classical test theory (CTT) 

(Bashooir & Supahar, 2018). Rasch analysis applies 

statistical methods to predict the mathematical 

relationship between items and the measured latent 

trait. This analysis involves logistic and probabilistic 

models, which suggest that responses to test items 

are influenced by the individual's and item's quality 

(Medvedev & Krageloh, 2022). Rasch analysis 

provides detailed diagnostic information about 

individual items and person abilities, enabling 

educators to identify specific strengths and 

weaknesses in student performance (Murti & 

Sunarti, 2021). This is crucial for targeted 

interventions in STEM education, especially 

evaluating the validity and reliability of test 

instruments. 

Rasch analysis has been applied in various 

studies, including those related to STEM literacy, 

such as the development and validation of the 

Scientific Inquiry Literacy Instrument (Darman et 

al., 2024) and the STEM-Science Achievement Test 

(Jamaludin et al., 2021). However, the Rasch model 
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is still limited to a unidimensional model and has not 

been applied to element, compound, and mixture 

subjects. The unidimensional model assumes that all 

items in the instrument measure a single latent trait 

(Combrinck, 2020; Farris et al., 2023). However, in 

reality, many constructs consist of several 

dimensions that are relevant to each other (Sigfrid, 

2024). This indicates that the unidimensional model 

is unsuitable for more than one dimension variables. 

Therefore, a multidimensional Rasch model can be 

selected to overcome these limitations. 

Multidimensional Rasch models facilitate a better 

understanding of the dimensional structure of a 

variable. Additionally, they can enhance subtest 

reliability and serve as a confirmatory approach 

(Baghael, 2017). 

In response to this challenge, this research 

offers a solution by evaluating STEM literacy test 

instruments on elements, compounds, and mixtures 

using multidimensional Rasch analysis. This 

research is essential because it will provide a more 

comprehensive and accurate understanding of the 

complexity of the dimensions of STEM literacy. 

This study aims to evaluate STEM literacy test 

instruments using multidimensional Rasch analysis. 

This research's benefits are not limited to increasing 

our understanding of STEM literacy instrument 

evaluation. However, they may also assist in 

developing more effective curricula and teaching 

strategies in the future, including in STEM fields. 

 

METHODS 

 

This study employed a quantitative approach 

with a cross-sectional research design, including a 

description for constructing and validating the 

research instrument (Bungin, 2021). The flow of 

research methods is presented in Figure 1. This 

study involved 259 eighth-grade students randomly 

selected from public junior high schools in 

Balongpanggang and Benjeng, Gresik, East Java. 

All participants received preliminary learning on 

elements, compounds, and mixtures at their 

respective schools. The STEM literacy test 

instrument was constructed around four 

dimensions: scientific literacy, technological 

literacy, engineering literacy, and mathematical 

literacy (Ardianto et al., 2019; Harpian et al., 2023; 

Suwana et al., 2023; Tang & William, 2019). This 

instrument comprised 22 multiple-choice questions 

and underwent rigorous validation by science 

experts and teachers before use. However, this paper 

focuses solely on analyzing the results of testing the 

STEM literacy measurement instrument using the 

Rasch model. 

 

Figure 1. Steps evaluation of STEM literacy test instrument 

 

The data analysis utilizes a Rasch model 

approach with the ConQuest program. The Rasch 

model is chosen based on comparing these three 

parameter values (final deviance, AIC, and BIC), 

with a smaller value indicating a more appropriate 

model. The validity of item fit is assessed by 

reviewing the MNSQ value. Items meet the validity 

criteria if the MNSQ value falls within the 95% 

confidence interval. The item-person map will 

explore the relationship between participant 

responses and item difficulty (Yudiana et al., 2023). 

The impact of existing DIF is gauged by its 

magnitude, determined through the difference 

between two estimated values based on gender. The 

corresponding chi-square test is also derived from 

DIF and standard estimate errors. An item is flagged 

for DIF if the chi-square is significant at 0.01 

(Danuwijaya & Roebiyanto, 2020) and the absolute 

DIF value exceeds 0.43. DIF is categorized into 

three sizes: moderate to large (DIF ≥ 0.64 logits), 

slight to moderate (DIF ≥ 0.43 logits), and negligible 

(DIF < 0.43 logits) (Hairida et al., 2023).  

Define 
research 
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STEM literacy 
test instrument

Select 
participants

Admister 
STEM literacy 

test

Analyze data 
using Rasch 

model

Evaluate 
model fit and 

DIF



Ikwan Wahyudi et al. / Journal of Innovative Science Education 13 (2) (2024): 55-63 

58 

 

RESULTS AND DISCUSSION 

 

We need to compare unidimensional and 

multidimensional models to investigate the 

dimensional structure in the STEM literacy test 

instrument. The statistical procedure used to identify 

model fit is Rasch analysis, which involves 

comparing the final deviance, AIC, and BIC as 

model parameters. Table 1. shows the model 

comparison. 

 

Table 1. Model comparison for investigating 

dimension structure in STEM Literacy 

Model The final 

deviance 

AIC BIC 

Unidimensional 7226.32 7272.32 7354.13 

Multidimensional  7131.11 7195.11 7308.93 

 

Based on Table 1. shows that the 

multidimensional model exhibits the smallest 

parameter values for the final deviance, AIC, and 

BIC. Therefore, the multidimensional model 

statistically outperforms the unidimensional model 

in terms of fit. In line with Sigfrid (2024), the 

unidimensional model has limitations as it assumes 

that all items in the test measure a single dimension 

despite the reality of numerous complex and 

multidimensional constructs, such as STEM 

literacy. Multidimensional models accurately depict 

the STEM literacy complexity construct and provide 

more comprehensive insights into students' abilities. 

This multidimensional model of STEM literacy 

includes four dimensions, namely scientific literacy 

(SL), technological literacy (TL), engineering 

literacy (EL), and mathematical literacy (ML). 

 

Table 2. Psychometric properties of the Rasch analysis with the multidimensional model 

Dimension 
Number of 

Items 
Estimate SE 

Weighted Fit Differences (M – 

L) MNSQ CI 

SL 1 -0.05 0.10 1.01 (0.92. 1.08) 0.296 

2 -0.17 0.10 0.98 (0.92. 1.08) -0.380 

5 0.01 0.10 1.05 (0.92. 1.08) -0.088 

6 -0.88 0.10 1.06 (0.92. 1.08) 0.006 

8 0.37 0.10 0.95 (0.89. 1.11) 0.400 

9 -0.45 0.10 0.97 (0.93. 1.07) 0.082 

12 0.32 0.10 1.00 (0.90. 1.10) 0.046 

13 -0.10 0.10 0.97 (0.92. 1.08) 0.114 

15 0.95 0.29 1.02 (0.84. 1.16) -0.418 

TL 3 -0.05 0.10 1.04 (0.90. 1.10) 0.044 

4 -0.02 0.10 1.01 (0.90. 1.10) -0.028 

16 0.16 0.10 1.04 (0.88. 1.12) -0.132 

17 -0.09 0.17 0.97 (0.90. 1.10) 0.116 

EL 7 -0.13 0.10 0.96 (0.92. 1.08) -0.010 

14 -0.04 0.10 1.02 (0.92. 1.08) -0.248 

18 -0.16 0.10 1.01 (0.92. 1.08) 0.404 

19 0.10 0.10 1.01 (0.91. 1.09) -0.170 

20 0.23 0.19 1.00 (0.89. 1.11) 0.026 

ML 10 0.15 0.10 1.00 (0.87. 1.13) -0.260 

11 -0.25 0.10 1.02 (0.90. 1.10) 0.282 

21 0.19 0.10 0.99 (0.87. 1.13) -0.086 

22 -0.09 0.17 0.97 (0.89. 1.11) 0.064 

Note: SE = standard error, MNSQ = mean square, CI = confidence interval, M = male, F = female 

 

STEM literacy entails comprehending and 

utilizing conceptual knowledge to address science, 

technology, engineering, and mathematics 

challenges. Assessing STEM literacy may 

concentrate on conceptualizations linked to STEM 

knowledge acquisition within core disciplinary 

practices, such as scientific inquiry, technological 

literacy, engineering design, and mathematical 

thinking (Huang et al., 2022; Kelley & Knowles, 

2016). Hence, multidimensional Rasch models 

prove more adept at capturing variations in the 

measured constructs due to the complex nature of 

STEM disciplines. In line with Wannapiroon et al. 

(2021), STEM literacy includes the ability to 

identify, apply, and integrate concepts in STEM 

fields of science to understand complex problems 
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and solve them innovatively. This multidimensional 

model is substantiated by lower parameter values 

(final deviance, AIC, and BIC), indicating decreased 

measurement estimate deviation. Table 2. shows the 

item fit validity, the item difficulty, and the DIF 

analysis.  

Based on Table 2, the MNSQ value for each 

item falls within the 95% confidence interval, neither 

below the lower limit nor exceeding the upper 

limit. This MNSQ value indicates that all items in 

the STEM literacy test instrument meet the validity 

criteria for fit and demonstrate reliable constructs. In 

Rasch analysis, an item with an MNSQ value closer 

to 1.0 is considered fitting, indicating adequate 

construct homogeneity with other items (Kaharu et 

al., 2024). An item with an MNSQ value outside the 

95% confidence interval is identified as a possible 

misfitting item, suggesting that further examination 

may be warranted. Additionally, the precision of all 

items meets satisfactory, with a standard error value 

ranging from 0.10 to 0.29 (less than 0.5). Rasch's 

analysis also provides insight into the difficulty level 

of STEM literacy. According to the estimated 

values, item difficulty is classified into two groups: 

easy (13 items) and complex (9 items). 

The reliability of the STEM literacy test 

instrument is assessed by examining its reliability 

both at the latent and dimensional levels. Overall, 

the multidimensional model reliability yielded a 

Cronbach’s alpha coefficient of 0.790 and a 

separation reliability of 0.880. The EAP/PV 

reliability for each dimension is as follows: 0.846 for 

SL, 0.796 for TL, 0.795 for EL, and 0.813 for ML. 

These findings suggest that the instrument meets 

acceptable reliability criteria, surpassing the 

threshold of 0.60 (Sarstedt et al., 2017). The 

estimated reliability coefficient indicates a high level 

of consistency in students’ responses. Moreover, the 

separation reliability meets the required criteria, 

indicating that the STEM literacy test instrument is 

adequately sensitive to distinguish between students 

with varying ability levels. 

The STEM literacy test instrument is deemed 

appropriate based on the results of the validity and 

reliability analysis. Valid items demonstrate their 

ability to measure STEM literacy in each dimension 

accurately. Reliable instruments indicate consistent 

measurement results that can be trusted, reflecting 

students' abilities (Bashooir & Supahar, 2018). 

Therefore, the strong validity and reliability of the 

STEM literacy test instrument ensure its accuracy, 

enabling measurement results to inform further 

decision-making regarding students' abilities. In line 

with Erfan et al. (2020), assessment instruments for 

learning outcomes should possess good validity and 

reliability, instilling confidence in the measured 

results throughout the learning evaluation process. 

The DIF analysis was conducted to ascertain 

whether the STEM literacy test instrument exhibited 

gender bias at the item level. Based on Table 1, none 

of the items in the STEM literacy test exhibit DIF or 

gender bias issues. The absolute difference in 

estimated values does not exceed 0.5, as affirmed by 

the non-significant chi-square test results (21.42, df 

= 18), indicating an absence of DIF problems. A 

negative estimated value signifies that male students' 

logit value is lower than female students and vice 

versa. Moreover, the DIF analysis results validate 

that the STEM literacy test demonstrates gender-

based invariance. DIF analysis in Rasch 

measurements serves a similar purpose to testing 

measurement invariance in different groups, akin to 

structural equation modeling analysis (Hairida et al., 

2023). 

Even though there was no potential for DIF 

in the STEM literacy test instrument, what is 

interesting from Table 1 shows that most of the items 

in the scientific literacy dimension have differences 

in logit values that are positive. The scientific 

literacy items are mostly easier for male students 

than female students, while they are pretty balanced 

on other dimensions. Overall, the difference in logit 

scores for male and female students is 0.008 (chi-

square = 0.02, df = 1), which means that the STEM 

literacy abilities of male and female students are not 

significantly different. However, further 

examination to obtain substantive reasons as a basis 

for consideration for making decisions about item 

improvements needs to be carried out (Danuwijaya 

& Roebiyanto, 2020). Wu et al. (2016) suggested 

using statistical analysis to identify DIF items and 

examining item content to investigate theoretical 

explanations. 
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Figure 2. Item-person map with the multidimensional model 

 

Figure 2 is an item-person map illustrating the 

relationship between a student’s abilities in STEM 

literacy and the estimated difficulty level of 

corresponding items along the same latent 

dimension. Elevated student logit scores signify 

heightened STEM literacy ability, while a high logit 

value for an item indicates increased difficulty. 

According to the item-person map, students' abilities 

in STEM literacy are primarily classified as medium 

to low, attributed to the trend of students' logit scores 

being lower than the item logit scores. This implies 

that despite the perceived ease of item difficulty, 

most students encounter challenges in answering 

questions across SL, TL, EL, and ML dimensions. 

Interestingly, several previous studies have also 

revealed that students’ literacy abilities in STEM 

disciplines are low (Adnan et al., 2021; Imamuddin 

et al., 2022; Nurlaely et al., 2017). 

Item number 6 in the scientific literacy 

dimension has the lowest difficulty level. The 

indicator of this item is interpreting scientific 

evidence that supports alleged causes in cases of 

exploding gas balloons. In this item, students are 

presented with the statement that the cause of gas 

balloons exploding is due to the use of hydrogen gas, 

and they are asked to scientifically interpret the 

evidence available in the answer choices according 

to the context of the question. Thus, this item 

belongs to cognitive level C2 (Mita et al., 2021). 

Conversely, item 15 in the scientific literacy 

dimension has the highest difficulty level. The 

indicator for this item is to conclude the type of 

mixture (heterogeneous or homogeneous) based on 

its characteristics. In this item, students are 

presented with a discourse containing three cases of 

healthy water pollution from the mass media, and 

they are asked to conclude what type of mixture was 

in one of the well water cases in question. Thus, this 

item is included in the C5 cognitive level (Laila & 

Fitriyah, 2022). 
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Items in other STEM literacy dimensions 

tend to have logit values close to zero, unlike items 

in the science literacy dimension, which exhibit 

significant differences. In the technological literacy 

dimension, students are generally tasked with 

identifying appropriate technological principles, 

such as techniques for separating mixtures or 

altering the properties of elements. In the 

engineering literacy dimension, students are 

prompted to devise solutions, such as proposing 

alternative methods or designing schemes for 

separating mixtures. Lastly, items in the 

mathematics dimension emphasize problem 

formulation in mathematical terms, often requiring 

students to express them as simple ratios. While, in 

general, the items in STEM literacy are relatively 

straightforward, there is a need for comprehensive 

improvement in the future, aligning them more 

closely with students' ability levels to yield more 

precise insights into their STEM literacy ability. 

The findings of this study could significantly 

enhance understanding of how to assess STEM 

literacy effectively. By using multidimensional 

Rasch analysis, the study aims to capture the 

multidimensional nature of STEM literacy, which 

includes knowledge and understanding of STEM 

concepts and the ability to use this knowledge in 

various contexts. The use of multidimensional 

Rasch analysis allows for a more nuanced and 

comprehensive evaluation of students’ abilities, 

considering the complexity and multidimensionality 

of STEM literacy. Furthermore, a reasonable 

assessment that can maximize students’ STEM 

literacy should be able to measure students’ 

understanding of STEM concepts accurately, their 

ability to apply this knowledge, and their problem-

solving skills in STEM dimensions. Based on the 

findings, this study can help educators and 

researchers develop more effective STEM education 

strategies and curricula. It can also provide valuable 

insights for educational policymakers, primarily 

developing and evaluating STEM literacy test 

instruments. 

CONCLUSION 

In conclusion, the results of this study have 

contributed to evaluating the STEM literacy test 

instrument, mainly through multidimensional 

Rasch analysis, and have shed light on the 

interaction between items and students' abilities in 

STEM literacy. The STEM literacy test instrument 

focusing on element, compound, and mixture 

subjects has demonstrated validity and reliability 

based on multidimensional Rasch analysis. The 

findings affirm that the multidimensional model is 

more suitable for assessing STEM literacy, as 

indicated by lower values of the final deviance, AIC, 

and BIC, than the unidimensional model. The item-

person map reveals that most students have 

moderate to low abilities in STEM literacy. Finally, 

DIF analysis based on gender has confirmed that all 

items are classified as negligible, indicating the 

absence of DIF problems. 
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