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Abstract 

Teaching chemistry is a complex subject that requires a certain level of knowledge and skills to understand. Students must 

overcome this challenge because teaching chemistry involves abstract ideas (atoms, molecules, and electrons) and princi-

ples, laws, reaction equations, and mathematical operations. Increasing academic resilience is important in enhancing 

students' understanding and well-being in learning. This research aimed to test the validity and reliability of students' 

chemistry academic resilience tests using the Rasch model. Data collection was conducted using Google Forms. Data 

analysis utilized the Rasch model, assisted by the Winstep application, to reveal various aspects of the assessment. Based 

on the research findings, a Cronbach's alpha coefficient of 0.78 indicates strong internal consistency. In addition, item 

reliability reached a significant value of 0.99, while person reliability of 0.78 confirmed the consistency of respondents in 

providing accurate answers in the assessed categories. Furthermore, the OUTFIT and INFIT MNSQ (persons) have aver-

age values of +1.02 and +1.01, respectively (the closer to 1, the better). In contrast, the INFIT and OUTFIT ZSTD values 

are 0.1 and 0.3, respectively (the closer to 0, the better). The most difficult question is coded ra11 with a logit score of 

0.61, and the easiest is coded ra4 with a logit score of -0.05. Therefore, the student academic resilience instrument is an 

effective measuring tool. In the future, chemistry educators and researchers can benefit from the potential impact of this 

research on Indonesian education. 
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1. Introduction 

As students gain knowledge, their behav-

iour will improve, fostering positive changes 

in the teaching and learning process. How-

ever, it is challenging to disentangle learning 

from the educational process. Students must 

persevere in their academic endeavours, par-

ticularly in subjects like chemistry, which are 

often perceived as formidable. Despite its rep-

utation for difficulty, chemistry holds signifi-

cant importance in both middle and high 

school curricula and in many college degree 

programs (Senocak & Baloglu, 2014). More-

over, (Moreno et al., 2021) emphasize that 

mastering chemistry demands considerable 

effort and persistence. Additionally, (Zahro’ 

& Ismono, 2021) highlight the sequential na-

ture of chemistry and its reliance on computa-

tions as contributing factors to students' strug-

gles with the subject. Weak achievement is 

often associated with a reliance on rote mem-

orization rather than meaningful comprehen-

sion. According to (Oladejo et al., 2023), mas-

tery of the subject leads to perceiving its con-

cepts as straightforward.  

In secondary schools, the issue of low 

achievement among chemistry students is cru-

cial and potentially contributes to the 

Indonesian Journal on Learning and Advanced Education 

http://journals.ums.ac.id/index.php/ijolae 



 
 

 
Indonesian Journal on Learning and Advanced Education (IJOLAE)| p-ISSN 2655-920x, e-ISSN 2656-2804 

Vol. 6 (3) (2024) 328-349 

329 

 

Evaluating Students' Academic Resilience in Chemistry Learning: Insights from a Rasch Model  

Analysis 

 

challenges associated with grasping chemical 

concepts (Timilsena et al., 2022). Some stu-

dents may exhibit overt signs of the effects of 

a stressful life, such as dread and unwilling-

ness to complete tasks, psychological conflict 

due to the fear of stopping their studies, feel-

ings of unreliability, and fear of the future, 

among others. These experiences create a last-

ing impression on the student's psyche, em-

phasizing the need for a high degree of con-

formity to appropriately adapt and deal with 

difficult life transitions by encouraging aca-

demic resilience (Ayasrah & Albalawi, 2022). 

The capacity to overcome obstacles in the 

classroom, increase motivation and concen-

tration, enhance learning abilities, and adjust 

to shifting circumstances are all aspects of ac-

ademic resilience (Suud et al., 2023). Students 

may have varying personal viewpoints during 

the learning process, which might alter their 

behavioural, affective, and cognitive reac-

tions (Alkan & Yucel, 2019). 

This goal can be achieved by improving 

students' learning efficiency and implement-

ing logical processes in chemistry teaching. 

However, some students can overcome obsta-

cles and difficult circumstances and achieve 

academic success because they believe learn-

ing comes from hard work and commitment, 

not luck. These students are known as aca-

demically resilient students. It is common for 

students to face difficulties and setbacks in 

class; if they can adapt and overcome these 

challenges, it means they have the capacity 

for academic resilience (Ulya & Gumiandari, 

2023). In the educational context, academic 

resilience is the ability to overcome chal-

lenges to excel academically (Cassidy, 2016). 

Academic resilience is the capacity to deal 

with academic problems such as academic 

stress, failure, and boredom (Mahato et al., 

2023). On the other hand, resilience describes 

a person's capacity to overcome obstacles and 

recover from setbacks (Lakhan et al., 2020). 

After failed attempts, resilience plays an im-

portant role in education and research in the 

teaching and learning process (Weidlich & 

Kalz, 2021), and academic resilience is 

thought to sustain student learning success 

(Annisa et al., 2023).  

Academically gifted children who can 

maintain their motivation to succeed and ex-

cel in class, even when facing difficulties and 

other situations that could negatively impact 

their performance, are described as having ac-

ademic resilience (Mahmudah et al., 2022). 

Academic success depends on student moti-

vation. Students may only gain academic pro-

gress if they can handle challenges, study 

pressure, and school-related stress (Honra, 

2022). If students have good academic resili-

ence, threats can be turned into opportunities 

for them to grow and learn, fostering positive 

change (Masten et al., 2021). According to 

(Rao & Krishnamurthy, 2018), children can 

be taught academic resilience in the class-

room. This is consistent with the explanation 

by (Rojas, 2015), which states that academic 

resilience is not merely a quality that a person 

inherently possesses but rather a dynamic pro-

cess of adapting to difficulties. It requires ac-

tions and behaviours that each individual can 

adopt and shape. 

Low academic resilience in students will 

hurt their social life, relationships with par-

ents, instructors, and peers, and academic suc-

cess (Beri & Kumar, 2018). Several elements, 

such as self-efficacy, self-control, low anxi-

ety, persistence, and planning skills, influence 

academic resilience (Beale, 2020). According 

to (Romano et al., 2021), resilient adolescents 

appear to overcome stressful situations at 

school, maintain high motivation levels, and 

achieve extraordinary performance despite 

facing difficulties. Resilient students re-en-

gage and persevere through challenging as-

signments. According to (Reeve et al., 2020), 

these characteristics predict many positive 
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outcomes, including classroom engagement, 

enjoyment of school, and overall self-esteem. 

According to further research, adolescents 

who demonstrate academic resilience outper-

form their classmates in protection against se-

vere maladaptation, academic achievement, 

and school context engagement (Allan et al., 

2014; Fiorilli et al., 2020). 

Finding appropriate methods to assess ac-

ademic resilience in chemistry studies is a 

challenge. Research on academic resilience 

shows a strong correlation with individual ac-

ademic achievement. Currently, there is a sig-

nificant increase in global research investigat-

ing academic resilience (Kumalasari & 

Akmal, 2020). Research on mathematics re-

silience is still in its early stages in Indonesia. 

Although some studies have been conducted 

in academic institutions, primary and second-

ary educational settings, and other contexts, 

the number is limited, and additional studies 

are still needed to advance understanding in 

this area. 

To provide accurate and objective values, 

evaluation tools used in educational research 

need improvement to become better-measur-

ing tools (Muntazhimah, 2019). Research by 

(Ramdani et al., 2020) developed an Indone-

sian academic resilience scale with excellent 

validity and reliability to assess the academic 

resilience of junior high school students. The 

scale created can be applied as an evaluation 

tool when implementing interventions 

(Nicoll, 2014). To produce more comprehen-

sive instrument information that better meets 

measurement standards, the junior high 

school student academic resilience scale will 

be validated using the Rasch Model (Briggs, 

2019; Rachman & Napitupulu, 2017; Winarti 

& Mubarak, 2019). This measure of academic 

resilience is intended to be applicable and 

based on conditions in Indonesia. The Rasch 

model, popularized by Danish mathematician 

Georg Rasch in 1960, is a statistical 

modelling technique that creates equal inter-

val measurement scales from raw data 

(Sumintono & Widhiarso, 2015). According 

to (Bond & Fox, 2007a), the Rasch model is a 

probabilistic response model where the prob-

ability of success is based on individual apti-

tude and item difficulty. By improving the 

analysis and informing psychometric scale as-

sessments, Rasch's modelling draws on item 

response theory (Van Zile-Tamsen, 2017). 

The advantage of the Rasch Model is that it 

can identify model inaccuracies and produce 

more accurate estimates (Taufiq et al., 2021). 

Rasch Model analysis is not deterministic; it 

can identify the items being measured more 

precisely by employing a probabilistic ap-

proach to examine the measurement object 

(Indihadi et al., 2022). The interaction be-

tween respondents and question items can be 

described and measured using the Rasch 

model (Sumintono & Widhiarso, 2014). The 

validity of the instrument was tested using 

Rasch model analysis. Metrics such as unidi-

mensionality, Wright map analysis, item anal-

ysis, participant ability analysis, and instru-

ment analysis are used to assess the quality of 

the instrument in Rasch model analysis 

(Muslihin et al., 2022). 

To enhance the quality of chemistry 

teaching and learning for students, the Rasch 

model is used to measure and validate stu-

dents' cognitive abilities and the effectiveness 

of assessment techniques (Chow et al., 2018; 

Noben et al., 2021). Meanwhile, some teach-

ers rarely conduct a needs analysis before de-

signing learning tests. However, needs analy-

sis plays a crucial role in learning planning, 

from designing the syllabus, teaching materi-

als, and class activities to student assessment 

(Asti Ramadhani). The Rasch model analysis 

is the best choice for teachers in this situation. 

Besides interpreting students' knowledge 

through various Rasch data presentations, 

studying the structure of questions with 
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varying levels of difficulty can assess stu-

dents' overall understanding of chemistry. 

Through Rasch model analysis, students' 

characteristics and ability levels can be accu-

rately mapped and used to enhance the quality 

of learning, particularly in the theoretical as-

pects of the subject matter (Ngadi, 2023). 

Rasch model analysis provides valuable infor-

mation about the suitability of an item in 

measuring students' academic resilience in 

chemistry learning. By closely examining the 

results of Rasch model analysis, you can de-

termine not only the reliability of the instru-

ment created but also the patterns of students' 

responses (Sumintono, 2018; Chiang, 2015). 

The development of this academic resilience 

instrument will provide a more comprehen-

sive and concrete picture of the measurement 

aspect of the test because the Rasch model in-

volves two basic parameters: (a) student abil-

ity and (b) the level of difficulty of questions 

or the ability to ask questions (Khairani & 

Razak, 2015). Therefore, Rasch modelling is 

important in chemistry learning because it can 

be applied across various scientific disciplines 

and student grade levels. This research tests 

measurements of academic resilience based 

on Indonesian students' conditions, with few 

studies specifically focusing on chemistry 

learning. This encourages researchers to cre-

ate measuring tools, such as instruments for 

assessing students' academic resilience in 

chemistry while maximizing their utilization 

during the learning process. Evaluation 

instruments in educational research must be 

developed into robust and high-quality meas-

uring tools to yield objective and accurate re-

sults (Muntazhimah, 2019). As a result, teach-

ers gain valuable information to enhance the 

quality of teaching and evaluate chemistry 

learning. This is supported by research 

(Cheung et al., 2011), which emphasizes the 

importance of conducting student diagnosis 

and learning processes as strategies for de-

signing effective teaching and improving stu-

dents' understanding of chemistry. Instrument 

quality measurements in this research include 

unidimensionality, Wright map analysis, item 

analysis, participant ability analysis, and in-

strument analysis (Planinic et al., 2019). Ac-

cording to (van de Grift et al., 2019), the 

Rasch model can be a useful tool for class-

room assessment. Rasch is a technique for as-

sessing student aptitude, and it can also be 

used to evaluate the quality of questions pre-

sented in a statistical data format (Almubarak 

et al., 2023).  

The conceptual framework developed for 

this study, depicted in Figure 1, aims to pro-

vide more precise direction and guidance. To 

better align with the culture and characteris-

tics of Indonesian students, the academic re-

silience questionnaire has been modified. 

This study intends to examine the validity and 

reliability of a new instrument designed to 

measure students' academic resilience in 

chemistry learning. 
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Figure 1. Academic Resilience Research Conceptual Framework 

 

2. Method 

This study employed a quantitative 

technique and a survey design. Through 

survey research, information from a sample of 

people is obtained, allowing the 

generalization of knowledge about the 

population (Gul, 2023). This study aims to 

examine the academic resilience instrument, 

which involves consultation with three 

experts (Cassidy, 2016; Idris et al., 2019; 

Ramirez-Granizo et al., 2020). The validation 

procedure for this academic resilience tool 

uses the Rasch Model. The Rasch Model can 

be used to (a) facilitate the development of 

instruments that produce valuable data, (b) 

produce data that can be used confidently for 

parametric and descriptive statistics, and (c) 

generate outcome measures that provide 

practitioners and researchers in school 

psychology with clinically relevant guidance 

(Boone & Noltemeyer, 2017). 

The study's population consisted of tenth 

and eleventh-grade students from 13 different 

schools. The survey had 817 participants from 

Pekanbaru, Indonesia, selected using simple 

random sampling techniques. This method 

was employed to minimize data bias, as 

random sampling involves randomly 

selecting members of the population, ensuring 

every individual has an equal opportunity to 

be chosen. Random sampling is considered 

the most straightforward approach for data 

collection. 

A Google Forms-based academic 

resilience questionnaire was used to collect 

data for this study. Google Forms provides 

more than just an assessment tool; it is a tried-

and-true method for gathering data. 

Additionally, teachers and students can 

communicate via Google Forms (Rodriguez, 

2018). Creating an online survey with Google 

Forms is quick and straightforward, and the 

results are stored in an online spreadsheet 

(Sivakumar, 2019). The questionnaire 

consists of three components comprising 

twelve statement items, specifically designed 

to cater to the requirements of Indonesian 

students enrolled in chemistry programs. The 

research instruments are accessible online, 

facilitating the data collection process. This 

grid of academic resilience instruments is 

intended for students gathering data related to 

chemistry. Table 1 illustrates it as follows.



 
 

 
Indonesian Journal on Learning and Advanced Education (IJOLAE)| p-ISSN 2655-920x, e-ISSN 2656-2804 

Vol. 6 (3) (2024) 328-349 

333 

 

Evaluating Students' Academic Resilience in Chemistry Learning: Insights from a Rasch Model  

Analysis 

 

Table 1. Academic Resilience Instrument 

Variable Dimension No Item 

 

 

 

 

 

 

 

Academic 

Resilience 

Spirituality 1 If I dedicate myself to God, I believe I will succeed and accom-

plish great things. 

 2 I say a prayer before and after studying chemistry. 

 3 I successfully turned down a friend's request to skip chemistry 

class. 

 4 I don't thank God when I get high grades. 

 5 I try not to freak out when I have a lot of challenging chemistry 

homework. 

 6 I didn't grasp the lecture but completed the chemistry test inde-

pendently. 

Emotion control 7 I accepted that I would receive low marks. 

 8 When I earn good marks, I don't feel grateful. 

 9 Instead of attending the chemistry lectures, I would instead visit 

the canteen. 

Self-reflection 10 I was confused when I received bad grades and was told to stay 

in my room. 

 11 If there are too many deadlines for chemistry assignments, I get 

anxious. 

 12 I came upon a friend's solution when a chemistry exam proved 

challenging. 

 

Rasch model data analysis was per-

formed using Winstep software, designed by 

(Linacre, 2011). Respondents and items inter-

act simultaneously, according to the Rasch 

model. Instead of a raw score, the Rasch 

model displays a logit value representing the 

likelihood of selecting an item among re-

spondents. This logit value is derived after ap-

plying the logarithmic function to the odds ra-

tio value of the item, transforming the raw 

score into the item's logit value. According to 

(Sumintono & Widhiarso, 2014), The odds ra-

tio value is a probability number that indicates 

the degree of respondents' agreement with an 

item compared to respondents who disagree. 

Our evaluation of the item becomes more ob-

jective when we use its logit value, as it con-

verts the ordinal raw score into ratio data that 

meets all integer requirements. 

The data used in the Rasch model is the 

probability score (P), or the comparison be-

tween the number of questions and the correct 

answers. The following formula is then used 

to translate the probability score into an odds 

ratio value: 

𝑂𝑑𝑑𝑠 𝑅𝑎𝑡𝑖𝑜 =
𝑃

(1 − 𝑃)
 

Next, we use the following formula to 

obtain the logit value by applying the 

logarithm function (Sumintono & Widhiarso, 

2014).  

𝐿𝑜𝑔𝑖𝑡 = 𝐿𝑜𝑔(
𝑃

(1 − 𝑃)
) 

This value is called the logit W-score or 

measurement value. The logit value has been 

scaled and can be used for various analyses. 

Survey questions with ordinal or poly-

tomous responses can also be calibrated using 

Rasch analysis. The Polychotomous Rasch 

Model is used in this type of problem. The 

Rating Scale Model (RSM) and the Partial 

Credit Model (PCM) constitute the Polychot-

omous Rasch Model. PCM, a refinement of 

Rasch analysis, is employed to analyze ques-

tions with polytomous or ordinal-type re-

sponses. Because PCM can handle questions 

with multiple categories of reactions, this 

method is highly relevant for assessing ques-

tions in education and other fields (Bond & 

Fox, 2007). Research using PCM for question 

analysis was conducted by (Wahyuningsih, 

2021). 

The PCM model is used to analyze cases 

involving polytomous responses based on 

Rasch's analysis. The following formula rep-

resents the fundamental Rasch analysis 

model: 
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𝑝 = 𝑃(𝑋 = 1)
exp (𝜃 − 𝛿)

1 + exp (𝜃 − 𝛿)
 

 

The elements in the formula above can be 

explained as follows. For the PCM model, it 

has the following formula. 

 

Pr (𝑋𝑛𝑖 = 𝑥 =
𝑒𝑥𝑝 ∑ (𝜃𝑛 − 𝛿𝑖𝑘)𝑥

𝑘=0

∑ exp ∑ (𝜃𝑛 − 𝛿𝑖𝑘)ℎ
𝑘=0

𝑚𝑖
ℎ=0

 

 

An explanation of each component in the 

PCM formula is as follows.  

 
Pr (Xni=x) : probability of the nth participant with 

ability θ to answer to get a score x on the 

ith question  

x  : participant's score  

θ_n  : ability of the nth participant  

δ_ik  : level of difficulty for stage k in question 

item i (Wu et al., 2016). 

 

A rating scale validity analysis test aims 

to determine whether respondents find the rat-

ing alternatives confusing. Using Likert rat-

ings as an example, five options are provided 

ranging from STS (Strongly to Disagree 

Strongly), TS (Tend to Disagree), N (Neu-

tral), S (Tend to Agree), to SS (Strongly 

Agree), all representing polytomous data. The 

instrument's ranking assumptions can be ver-

ified through Rasch model analysis. The Rat-

ing (Half Credit) scale test is utilized in the 

Winsteps program to measure rating scales. 

The observed average and Andrich thresh-

olds, which indicate the precision of the op-

tions provided to respondents, are displayed 

as results. 

Unidimensionality is a crucial metric for 

assessing whether a new instrument can cap-

ture the essence of the target, in this case, the 

academic resilience of chemistry students. 

Principal Component Analysis (PCA) of re-

siduals is used in Rasch model analysis to de-

termine how effectively various items assess 

what needs to be measured (Misbach & 

Sumintono, 2014). 

Using various measurement models, in-

cluding Infit, Outfit, Mean-Square Fit Statis-

tics, and Standard Fit Statistics (ZSTD), the 

Rasch model is employed to examine 

academic resilience tests. According to Lina-

cre (2002), two statistics determine whether 

data are suitable for the Rasch model: Outfit 

(outlier-sensitive or information-weighted fit) 

and Infit (inlier-sensitive or information-

weighted fit). These statistics are typically 

presented in mean squared (MNSQ) and z-

standardized (ZSTD) formats. According to 

Bond and Fox (2007), ZSTD is a standardized 

form of MNSQ that adjusts for sample size. 

MNSQ, on the other hand, represents the av-

erage of the squared residuals for an item. 

Therefore, the Winsteps Rasch program 

output in the form of Outfit Mean Square 

(MNSQ) data needs to be examined to deter-

mine whether an item or respondent (person) 

fits or misfits the Rasch model in this re-

search. Because it is not influenced by sample 

size, the MNSQ statistic was selected. 

The model suitability for measurement 

can be evaluated using the following general 

guidelines, according to Linacre (2002): 

MNSQ > 2.0 indicates harm to the measure-

ment system; 1.5 < MNSQ ≤ 2.0 indicates it 

has no significance for measurement; 0.5 ≤ 

MNSQ ≤ 1.5 indicates useful for measure-

ment, and MNSQ < 0.5 means it is not helpful 

for measurement even though it does not harm 

the measurement system. Misfit items in a 

measurement tool should be avoided since 

they don't add much to the test score's depend-

ability (Zubairi & Kassim, 2006). If an item is 

found to misfit the Rasch model, it may indi-

cate several potential issues with its construc-

tion or validity. According to (Zubairi & 

Kassim, 2006), misfitting items could have 

problematic or flawed construction, such as 

low discriminatory power, meaning they fail 

to distinguish between different levels of the 

trait being measured effectively. Alterna-

tively, misfitting items may have questionable 

validity, suggesting that they measure an abil-

ity or attribute unrelated to the assessed in-

tended construct. Identifying and addressing 

misfitting items is crucial in ensuring the ac-

curacy and reliability of measurement instru-

ments, particularly in academic resilience as-

sessments where precise and valid measure-

ment is essential for meaningful educational 

research and practice (Reise, 1990).  
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ZSTD is also a t-test for a hypothesis, 

which inquires whether the data matches the 

model. As a result, the predicted value of z is 

almost equal to zero. The z value has a mean 

practically equal to 0 and a standard deviation 

of 1 when the observed data agrees with the 

model. Giant (z > +2) or low (z < -2) ZSTD 

values suggest that the item does not fit into 

the predicted model. The standardized z value 

(ZSTD) of outfit and infit can be negative or 

positive. ZSTD values that are negative sig-

nify less variation in the model. All partici-

pants could answer the question correctly, but 

all subjects with low ability answered it erro-

neously. This approach to the responses was 

close to the Guttman-style response string 

model. A positive value, on the other hand, 

denotes that answer variations exceed model 

variations. Reactions are erratic and unfore-

seen (Bond & Fox, 2015).  

According to (Boone et al., 2014), the 

criteria applied are the same ones used to con-

firm that the question items are appropriate. 

1. The value of the accepted outfit means 

square (MNSQ) is 0.5 < MNSQ < 1.5. 

2. The Z-standard (ZSTD) outfit value that 

is accepted is -2.0 < ZSTD < +2.0. 

This suggests that question items of poor 

quality should be reconsidered or replaced if 

they fail to meet these two criteria. The sam-

ple size significantly influences the applica-

bility of these criteria rather than the con-

sistency of item difficulty alone. Errors in an-

swer keys, careless responses from a large 

number of participants, and questions with 

low discriminatory power can all contribute to 

an item's inadequacy. It's essential to recog-

nize that the ZSTD value is heavily influenced 

by sample size; it tends to exceed three with 

larger samples (>500). Therefore, some ex-

perts caution against relying solely on the 

ZSTD criterion when the sample size is sub-

stantial (Sumintono & Widhiarso, 2015). 

3. Result and Discussion 

a. Unidimensional 

The unidimensionality of a measurement 

determines its suitability for the intended pur-

pose. A measuring tool is considered unidi-

mensional when assessing a single ability or 

construct effectively (Baghaei, 2013; 

Tabatabaee-Yazdi et al., 2018). The Rasch 

model requires several critical assumptions 

for optimal analysis of a scale: additivity (en-

suring consistent measurement intervals 

across the continuum), local independence 

(each item's response is independent of oth-

ers), invariance (functioning consistently 

across different factors influencing the sam-

ple), and unidimensionality (focused on a sin-

gle construct or latent trait). These assump-

tions are essential for accurately interpreting 

the results and ensuring the reliability and va-

lidity of the measurement tool in educational 

and psychological research (Bond & Fox, 

2015). 

In a unidimensional analysis, we 

examined Table 23 of the output from 

Winsteps version 3.73. According to (Boone 

et al., 2014), Unidimensionality can be con-

firmed if the variance explained by the 

measures is less than 20%, which is catego-

rised as follows: adequate (20–40%), good 

(40–60%), and perfect (greater than 60%). 

Table 2 below illustrates the values that indi-

cate unidimensionality. 
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Table 2. Unidimensional analysis 

Table of standardized residual variance (in eigenvalue units) 

 Empirical Modeled 

Total raw variance in observations 17.4 100.0  100.0 

Raw variance explained by measures 5.4 31.1  31.8 

Raw variance explained by persons 1.5 8.6  8.8 

Raw variance explained by items 3.9 22.5  23.0 

Raw unexplained variance (total) 12.0 68.9 100.0 68.2 

Unexplained variance in 1st contrast 2.2 12.5 18.2  

Unexplained variance in 2nd contrast 1.7 9.8 14.2  

Unexplained variance in 3rd contrast 1.4 8.1 11.7  

Unexplained variance in 4th contrast 1.1 6.6 9.6  

Unexplained variance in 5th contrast 1.0 6.0 8.7  

 

According to Table 2, the raw variance 

explained by the measurements is 31.1%, 

meeting the specified categorization criteria. 

Additionally, unidimensionality can be con-

firmed if there is less than 15% unexplained 

variance in the first to fifth residual contrasts. 

According to (Baghaei & Aryadoust, 2015), 

the unexplained variance values in the first 

remaining PCA construct are categorized as 

weak (>15%), moderate (10-15%), strong (5-

10%), solid (3-5%), and extraordinary (less 

than 3%). In Table 2, the unexplained 

variance was found to be 12.5% in the first, 

9.8% in the second, 8.1% in the third, 6.6% in 

the fourth, and 6.0% in the fifth contrast, all 

below 15%. Therefore, the instrument 

construct effectively assesses the overall 

academic resilience of students. 

 

b. Wright Map Analysis (Person-Item Map) 

Next, consider the difficulty level of each 

item. Rasch analysis with Winsteps offers 

several unique features, including a map that 

displays the distribution of both the subject's 

abilities and the difficulty of items on the 

same scale. This map, known as the Wright 

Map, sorts values according to size, typically 

ranging between -3 and +3 logits. However, a 

logit value above two or below -2 may be con-

sidered extreme. Guidelines classify these 

items into four groups based on their diffi-

culty levels (Sumintono & Widhiarso, 2015), 

namely: 

1. Measure value <-1 = very easy item  

2. Measure value -1 to.d. 0 = easy items  

3. Measure value 0 to 1 = difficult item  

4. Measure value> 1 = very difficult item 

The variable map table output indicates 

that students' academic resilience ranges from 

-2 to +3 logits. Question number 11 poses the 

most significant challenge for most students, 

whereas item number 4 is the easiest for all 

students. On average, students' abilities are at 

+1.2 logits, which falls between logits -2 and 

+3. This average suggests that students' abili-

ties exceed the difficulty level of item 0. 
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Figure 2. Wright-Map of Items and Persons on Academic Resilience; Rasch Measurement (N=817, I=12) 

c. Analysis of Item 

The items' difficulty appropriateness and 

bias were examined. 

 

1) Item Difficulty Level 

The Winstep application's 13-item meas-

ure order table can be used to determine an 

item's difficulty level. It is evident from this 

table that the standard deviation is 0.28. The 

item difficulty level can be divided into mul-

tiple categories based on the combination of 

the standard deviation and average logit val-

ues. These levels are extremely difficult 

(more significant than + 1 SD), challenging 

(0.0 logit + 1 SD), easy (0.0 logit – 1 SD), and 

very easy (less than -1 SD). For the highly 

challenging level, the limit value is more than 

0.28. Level of difficulty: 0.0–0.28. Less than 

-0.28 is the elementary level, while the easy 

level is 0.0 - (-0.28). The degree of appropri-

ateness of the items is determined by the logit 

value of every item in Table 13, ranging from 

the most challenging to the easiest. Item 11 is 

the only one categorized as extremely diffi-

cult. Three items, 4, 15, and 14, are demand-

ing. It is known that items 12, 10, 2, 9, 6, and 

The Easiest 

Items (Item 
Code=ra4) 

 

The hardest 

Items (Item 

Code= ra11 

Average of Person 

(M) and Items 

(+M) (ra12,10, 2, 6, 

9, 8) 

 

Students whoo 

have the low-

est academic 

resilience 

Students who have 

the highest aca-

demic resilience 
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8 are among the six that are classified as easy. 

Three items, 1, 5, and 3, are categorized as 

simple. Items 7 and 4 are the two that are 

categorized as really easy. Table 3 displays 

the findings for the items' difficulty level. 

 
Table 3. Difficulty Category 

Entry 

Num-

ber 

Total 

Score 

Measure INFIT  OUTFIT  Pt. 

Meas-

ure 

 Exact 

Obs% 

Match 

Exp% 

Item 

   MNSQ ZSTD MNSQ ZSTD Corr Exp    

11 2159 0.61 1.20 4.2 1.21 4.3 0.40 0.54 25.8 30.1 ra11 

12 2537 0.24 0.96 -0.9 1.01 0.2 0.44 0.52 39.5 31.5 ra12 

10 2593 0.18 0.76 -6.0 0.79 -4.9 0.51 0.51 45.5 32.3 ra10 

2 2674 0.10 0.80 -4.9 0.81 -4.4 0.57 0.51 40.6 32.4  ra2 

9 2708 0.07 0.81 -4.7 0.81 -4.4 0.55 0.51 40.3 31.8  ra9 

6 2733 0.05 0.95 -1.1 1.03 0.6 0.51 0.50 36.5 32.6 ra6 

8 2741 0.04 1.18 4.0 1.20 4.0 0.43 0.50 35.6 32.6 ra8 

1 2824 -0.05 1.16 3.5 1.16 3.1 0.55 0.50 28.1 32.5 ra1 

5 2959 -0.18 1.16 3.5 1.10 1.9 0.53 0.49 31.6 32.1 ra5 

3 3026 -0.26 1.19 3.9 1.14 2.7 0.49 0.48 34.0 32.5 ra3 

7 3072 -0.31 0.92 -1.7 1.00 -0.1 0.51 0.48 37.3 33.4 ra7 

4 3235 -0.50 1.08 1.6 1.00 0.1 0.49 0.46 32.4 34.3 ra4 

Mean 2771.8 0.00 1.01 0.1 1.02 0.3   35.6 32.3  

SD 271.7 0.28 0.16 3.7 0.14 3.1   5.4 1.0  

 

2) Item Conformity Level 

The Item Fit Order (Table 10 in Winstep) 

provides columns for various metrics such as 

measurement point correlation (PT MEAS-

URE CORR), OUTFIT mean square 

(MNSQ), and OUTFIT Z standard (ZSTD), 

which are used to evaluate item fit. These 

metrics help educators and researchers avoid 

misconceptions about the subject being meas-

ured. According to guidelines (Ariffin et al., 

2010), a PT MEASURE CORR value above 

3.8 or an index ranging from 0.20 to 0.79 

(Linacre, 2009), indicates that an item effec-

tively differentiates abilities among respond-

ents. A negative or zero value suggests that 

the responses are not aligned with the meas-

ured variable or construct (Linacre, 2009). 

Find out which items are not suitable it can be 

seen from the value of means- square 

(MNSQ). According to (Linacre, 2009), the 

MNSQ value indicates how accurate an item 

is when compared to the ideal item.  

According to (Boone et al., 2014), the 

criteria used to assess the appropriateness of 

items include the values of mean-square fit, z-

standard fit, and point-measure correlation. If 

an item does not meet these criteria, it is ad-

visable to repair or replace it.  

According to (Linacre, 2009), the MNSQ 

value was found to be between 0.5 and 1.5. 

Additionally, it can be determined by sum-

ming the mean value of the squared infit 

(mean MNSQ Infit). For instruments using a 

Likert scale, MNSQ values between 0.4 and 

1.4 indicate an appropriate fit (Sumintono & 

Widhiarso, 2015).  
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Table 4. The Level of Suitability Items 

Entry 

Num-

ber 

Total 

Score 

Meas-

ure 

INFIT  OUT-

FIT 

 Pt. Meas-

ure 

 Exact 

Obs% 

Match 

Exp% 

  MNSQ ZSTD MNSQ ZSTD Corr Exp   

11 2159 0.61 1.20 4.2 1.21 4.3 0.40 0.54 25.8 30.1 

8 2741 0.04 1.18 4.0 1.20 4.0 0.43 0.50 35.6 32.6 

3 3026 -0.26 1.19 3.9 1.14 2.7 0.49 0.48 34.0 32.5 

5 2959 -0.18 1.16 3.5 1.10 1.9 0.53 0.49 31.6 32.1 

1 2824 -0.05 1.16 3.5 1.16 3.1 0.55 0.50 28.1 32.5 

4 3235 -0.50 1.08 1.6 1.00 0.1 0.49 0.46 32.4 34.3 

6 2733 0.05 0.95 -1.1 1.03 0.6 0.51 0.50 36.5 32.6 

12 2537 0.24 0.96 -0.9 1.01 0.2 0.44 0.52 39.5 31.5 

7 3071 -0.31 0.92 -1.7 1.00 -0.1 0.51 0.48 37.3 33.4 

9 2708 0.07 0.81 -4.7 0.81 -4.4 0.55 0.51 40.3 31.8 

2 2674 0.10 0.80 -4.9 0,81 -4.4 0.57 0.51 40.6 32.4 

10 2593 0.18 0.76 -6.0 0.79 -4.9 0.51 0.51 45.5 32.3 

Mean 2771.8 0.00 1.01 0.1 1.02 0.3   35.6 32.3 

SD 271.7 0.28 0.16 3.7 0.14 3.1   5.4 1.0 

 

 

The first requirement is that there should 

be no inconsistencies in any item. However, 

among the second criterion's seven entries, 

11, 8, 3, 1, 9, and 10 do not meet the second 

threshold. Furthermore, the outcome is less 

than 0.85 even if the twelve components in the 

third criterion, as determined by point meas-

ure correlation, are above 0.4. 

 

 

 

 

3) Diagnostic Rating Scale 

Table 5 in the Winsteps application offers 

interpretations for diagnostic rating scales. 

This diagnostic aims to determine respond-

ents' understanding of variations in response 

options related to academic resilience charac-

teristics 1, 2, 3, 4, and 5. If the observed aver-

age and Andrich threshold values increase 

proportionally with the respondents' level, 

then respondents comprehend the discrepan-

cies in answers. The table provides detailed 

Andrich threshold values for each level. 

 

Table 5. Rating Scale Diagnostic 

Category 

Label 

Observed  Observed 

Sample 

 INFIT OUTFIT Andrich 

Threshold 

Category 

Measure 

Count % Average Expect MNSQ MNSQ   

1 344 14 -0.15 -0.26 1.22 1.28 NONE (-1.81) 

2 332 14 -0.14 -0.06 0.84 0.79 -0.16 -0.67 

3 574 24 0.12 0.16 0.86 0.77 -0.50 0.01 

4 411 17 0.36 0.41 1.00 0.93 0.62 0.68 

5 763 31 0.77 0.72 0.94 0.97 0.04 (1.77) 

 

Table 4 displays the appropriateness and 

differentiation among levels 1, 2, 3, 4, and 5. 

The findings of the analysis outline the levels 

of the academic resilience instrument in terms 

of actual student behavioural contexts. There-

fore, the academic resilience assessment rec-

ommends a five-level answer option scale. 

 

 

 

d. Item Bias Detection 

Differential Item Functioning (DIF) aims 

to determine whether the provided items show 

bias toward respondents based on their gen-

der. Bias should not influence the measure-

ment process of a good item. This bias is as-

sessed through DIF analysis using the Rasch 

model. 
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Items with a probability value less than 

5% (0.05) can be identified as biased 

(Sumintono & Widhiarso, 2015). Several au-

thors also employed a chi-square test to find 

DIF (Le, 2009). In this investigation, only 

gender bias is apparent. The study on gender 

bias revealed that several questions (p < 0.05) 

exhibited prejudice, precisely questions 4, 7, 

and 11. 

 

 
Figure 3. Item Logit Position Based on Gender 

 

Based on this image, male students find 

question number four easier to answer than 

their female counterparts, suggesting a more 

pronounced positive impact on male student. 

 

e. Analysis Instruments 

Instrument analysis often utilizes statisti-

cal summary tables. Table 5 presents the in-

strument analysis. 

Table 5. Instruments Analysis 

 Total 

Score 

Count Measure Model S. 

E 

INFIT 

MNSQ 

ZSTD OUTFIT 

MNSQ 

ZSTD 

Mean 40.7 12.0 0.36 0.30 1.02 -3 1.02 -3 

SD 8.5 0.0 0.79 0.22 0.65 2.0 0.66 2.0 

Max 60.0 12.0 3.91 1.78 3.16 4.4 4.77 4.5 

Min 12.0 12.0 -4.0 0.24 0.06 -4.7 0.07 -4.7 

Real 

RMSE 

0.40        

Model 

RMSEA 

0.38 True SD 0.68 Separa-

tion 

1.71 Person 

reliability 

 0.71 

S.E. of 

Person 

Mean = 

0.07 

0.03 True S 0.70 Separa-

tion 

1.86 Person 

reliability 

 0.78 

Person raw score-to-measure correlation = 0.92 

Cronbach’s alpha = 20 Person Raw Score (test) reliability = 0.78 

Sum-

mary 

Item 

        

Total 

Score 

Count Measure Model S. 

E 

INFIT 

MNSQ 

ZSTD OUTFIT 

MNSQ 

ZSTD 

Mean 2771.8 817.0 0.00 0.03 1.01 0.1 1.02 0.3 
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Sum-

mary 

Item 

        

Total 

Score 

Count Measure Model S. 

E 

INFIT 

MNSQ 

ZSTD OUTFIT 

MNSQ 

ZSTD 

SD 271.7 0.0 0.28 0.00 0.16 3.7 0.14 3.1 

Max 3235.0 817.0 0.61 0.03 1.20 4.2 1.21 4.3 

Min 2159.0 817.0 -0.50 0.03 0.76 -6.0 0.79 -4.9 

Real 

RMSE 

0.03        

Model 

RMSEA 

0.03 True SD 0.28 Separa-

tion 

8.25 Item reli-

ability 

 0.99 

S.E. of 

Person 

Mean = 

0.07 

0.08 True SD 0.28 Separa-

tion 

8.59 Item reli-

ability 

 0.99 

 

The person measure in the student aca-

demic resilience data disclosure tool displays 

the average score for each participant. A par-

ticipant's abilities exceed the instrument item 

difficulties when their average score exceeds 

the item mean (0.00 logits in this example). 

The Cronbach's Alpha for this interaction 

stands at 0.78, falling within the desirable 

range. Cronbach's Alpha is a measure used to 

assess the consistency between items and in-

dividuals. Additionally, among respondents 

in the exceptional group, the Person Reliabil-

ity score of 0.71 indicates consistent re-

sponses. Item reliability, measured at 0.99, 

evaluates the quality of the instrument's items 

in the interim. 

Data from the Person and Item tables in-

clude MNSQ INFIT and MNSQ OUTFIT. 

According to the Person Table, the average 

MNSQ INFIT and MNSQ OUTFIT values 

are 1.02. The MNSQ OUTFIT is recorded at 

1.02, while the MNSQ INFIT is at 1.01. Since 

the ideal value is 1, approaching this number 

is preferred, indicating that an average person 

or object fits reasonably well. Additionally, 

both the person's OUTFIT ZSTD and INFIT 

ZSTD are at -3. Furthermore, the items' ZSTD 

INFIT value is 0.1, and the ZSTD OUTFIT 

value is 0.3. Ideally, ZSTD should approach 

zero, indicating a good fit for the person or 

item. 

The last aspect concerns the separation of 

people and items. Through their academic re-

silience tool, students can evaluate their abil-

ity to demonstrate capabilities across various 

abilities based on individual separation using 

various items. The instrument is most 

effective when it provides various individual 

abilities. Item separation illustrates how well 

a large sample is spread along a linear interval 

scale. Additionally, this index defines the pre-

cision of the measured construct; higher sep-

aration indicates greater precision. 

According to Table 5, the separation 

value for people is 1.71, and for items, it is 

8.25. A more considerable separation value 

indicates a better distinction between individ-

uals and items. The separation value is calcu-

lated using the following formula: 
 

𝐻 = [
(4 𝑥 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛) + 1

3
] 

𝐻𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 = [
(4 𝑥 1.71) + 1

3
] = 2.613 

𝐻𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛 = [
(4 𝑥 8.25) + 1

3
] = 11.33 

 

The separation value for items is 11, 

while for individuals, it is 2.61, rounded to 

three. Participants in the study were grouped 

into three categories based on their varying 

skill levels. These categories were formed ac-

cording to the difficulty level of the items, 

ranging from easiest to most challenging. 

This study aims to apply the Rasch model 

to examine the validity and reliability of stu-

dents' academic resilience measures. Using 

the Rasch model, academic resilience 

measures completed by students in their 

chemistry classes were evaluated according to 

several criteria, including WrightMap analy-

sis, unidimensionality, item analysis 
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(including item difficulty, item appropriate-

ness, and item bias), and instrument analysis. 

According to the results of the unidimen-

sionality analysis, the raw variance measure-

ment explained by the measurements is 

31.1%, which meets the satisfactory criteria. 

This demonstrates that the study meets the 

minimum criterion of unidimensionality of 

20% (Sumintono & Widhiarso, 2015). 

The unexplained variance values for all 

first through fifth contrasts in the results are 

less than 15%, indicating that every instru-

ment item can effectively measure every as-

pect of academic resilience. This demon-

strates that the academic resilience instrument 

can assess its intended target's ability to 

demonstrate academic resilience as expected. 

The item analysis results reveal that com-

plicated, challenging, easy, and easy catego-

ries correspond to varying difficulty levels for 

items within the academic resilience instru-

ment. 

Table 5 presents the results, showing that 

item reliability is at 0.99, categorized as ex-

cellent, and person reliability is at 0.78, cate-

gorized as good. This indicates that the ques-

tions were well-crafted and respondents' re-

sponses were consistent. According to 

(Hinton et al., 2014), a reliability coefficient 

is consistently in the high category when reli-

ability scores exceed 0.90. This indicates that 

every item currently used is reliable for meas-

uring the construct (Herwin & Nurhayati, 

2021). According to (Fitri, 2017), Con-

sistency in this context refers to administering 

the same inquiry to the same individual at dif-

ferent points in time to yield consistent re-

sults. Therefore, this academic resilience tool 

provides reliable measurements for students. 

According to Table 2, the item that re-

spondents find most challenging to agree with 

in the instrument is statement item 11, which 

has a measured value of +0.61. Statement 6 

indicates signs that the Chemistry assignment 

deadline is approaching too quickly. Natu-

rally, in this instance, the teacher's deadline 

for completing chemical assignments is an in-

dicator, as students are expected to meet it. 

However, students may experience stress due 

to the overwhelming workload and time con-

straints of learning assignments (Livana et al., 

2020). This could be one of the causes of stu-

dents' anxiety as an assignment deadline ap-

proaches. Another reason is that students 

struggle to understand the concepts in chem-

istry. Many students find chemistry difficult 

and uninteresting, which contributes to it be-

ing one of the scientific subjects they dislike 

(Sariati et al., 2020). Students often struggle 

with learning, have difficulty making connec-

tions between ideas, and find it challenging to 

apply their linguistic, mathematical, and rea-

soning skills when studying chemistry 

(Zakiyah et al., 2018; Hermita et al, 2021). 

Students generally find it challenging to agree 

with statement number 11, especially those 

who struggle with answering chemistry ques-

tions, indicated by a rating of -0.50. Statement 

number 4, with a rating of +0.50, is the easiest 

for respondents to agree with. The fourth 

statement, "When I score well in chemistry, I 

do not give thanks to God," implies that stu-

dents believe they always appreciate their 

success. Being grateful enhances emotional 

well-being, increasing happiness and content-

ment with life. Additionally, gratitude can 

empower individuals, helping them feel more 

in control of themselves and their surround-

ings. 

Resilience is characterized by cognitive 

flexibility, self-control, and adaptive coping. 

Grateful individuals can adapt to their circum-

stances, manage their environments, leverage 

positive relationships, and transform negative 

emotions into positive ones. This ability often 

helps them overcome challenges they encoun-

ter (Lin et al., 2015).  
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The activities listed above are arranged 

from the highest to lowest item level. A meas-

urement value <-1 categorizes items in the 

easy group, following the categorization sug-

gested by (Sumintono & Widhiarso, 2015), 

which is used to calculate the applicable 

measurement value. It can be stated that 

measurement values between -1 and 0 indi-

cate easy items, values between 0 and 1 are 

challenging, and values greater than 1 are 

complex. Numerous data support this, con-

firming that the optimal instrument difficulty 

level ranges between 2 and 2 (Tjabolo & 

Otaya, 2019). Although some questions are 

deemed problematic, overall, the items' diffi-

culty level satisfies the requirements 

(Angriani et al., 2018).  

Each item within the academic resilience 

instrument meets the criteria for at least one 

of the three appropriateness standards, 

ensuring that all items effectively measure 

academic resilience. Moreover, the diagnostic 

rating scale analysis results indicate that 

participants understand the distinctions 

between alternative responses 1, 2, 3, 4, and 

5, as evidenced by the increasing Andrich 

threshold values and observed averages from 

smallest to largest. The analysis of the 

instrument's results yielded a Cronbach's 

alpha value of 0.78, indicating good 

reliability. Additionally, item reliability falls 

within the excellent category with a value of 

0.99, while the analysis of person reliability 

demonstrates a similarly high level of 

reliability. Accordingly, (Linacre, 2009) en-

dorses that the reliability value of items from 

0.67 to 0.80 is categorized as simple, 0.81 to 

0.90 is classified as good, and> 0.91 is very 

good. Meanwhile, the reliability index of 

items and respondents received was ≥ 0.8 

(Bond & Fox, 2007).  

The statistical findings indicate that 

Rasch model analysis provides abundant in-

formation about an item's ability to measure 

students' overall academic resilience. By ex-

amining the results of the Rasch model analy-

sis more closely, one can uncover the instru-

ment's precision and patterns in students' re-

sponses. This insight is crucial for initiatives 

to adapt and refine educational activities by 

considering students' knowledge, experi-

ences, strengths, and weaknesses. It also helps 

teachers organize study groups to improve ac-

ademic outcomes in the teaching process. 

Evaluation results are considered valua-

ble information for teachers because they en-

able accurate conceptions about the state and 

conditions of the educational system. Studies 

(Widana et al., 2018) have affirmed that as-

sessments that enhance teaching quality pro-

vide precise and reliable data, analysis, and 

interpretations. This allows an accurate un-

derstanding of the educational system's status 

and circumstances. According to (Angel et al., 

2019), Diagnostic evaluation aims to investi-

gate students' actual circumstances about their 

academic performance. It is a process that in-

volves making relevant judgments to achieve 

efficiency in the educational field. Aside from 

that, (Ngadi, 2023) said that the Rasch model 

analysis of knowledge test results might ef-

fectively map students' traits and skill levels, 

which can then be utilized to enhance the 

quality of learning, particularly in general 

knowledge/theory topics. 

 

4. Conclusion 

Validity and reliability are critical 

considerations when developing new research 

tools. Using the Rasch model to analyze 

academic resilience instruments ensures 

accurate, impartial, and consistent data by 

capturing interactions between respondents 

and statement items. The study's findings 

confirm the validity and reliability of the 

developed academic resilience instrument. 

The instrument demonstrates robust 

performance with an item reliability value of 
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0.99, indicating exceptional quality, and a 

person reliability value of 0.78, reflecting 

good consistency among respondents' 

responses. Specifically designed to assess 

students' academic resilience in chemistry 

education, this novel resilience scale shows 

promising utility. However, further research 

is recommended, significantly if extending its 

application beyond the Indonesian context or 

into higher education. 
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