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 Abstract 
Academic resilience is crucial for students. It enhances their ability 
to manage academic difficulties, which underscores its importance 
in educational settings. This study aims to develop and validate the 
College Academic Resilience Scale (CARS), which assesses academic 
resilience in undergraduates. 200 undergraduate students from 
South Sumatra, Indonesia, were used to analyze using the 
multifactor confirmatory factor analysis model and the polytomous 
Rasch model. This measure consists of five dimensions that measure 
academic resilience, indicating that an overall analysis of items in 
academic resilience instruments using Rasch modeling has good 
validity and reliability. Furthermore, more research on 
measurement validation is needed in diverse cultures and countries. 

INTRODUCTION 
The concept of academic resilience has garnered significant attention in educational research, as it 

pertains to students' ability to thrive in the face of challenges and adversity within academic settings. 
Understanding the factors that contribute to academic resilience is crucial for developing effective 
interventions and support systems for students. Furthermore, research indicates that fostering an 
environment that promotes social support and self-efficacy can significantly enhance students' resilience, 
thereby improving their overall academic performance despite challenges (Babakova, 2019). 

Academic resilience can be measured in various ways, both as a unidimensional and 
multidimensional construct. The Academic Resilience Scale (ARS), established by Martin and Marsh (2003, 
2006), is a unidimensional measure of academic resilience that consists of a 5-C model of academic 
resilience, which consists of commitment (perseverance), control, calm (low anxiety), coordination 
(planning), and confidence (self-efficacy). It has six items that show how students respond to challenges 
in the classroom, including receiving a low grade on an assignment. The Academic Resilience in 
Mathematics scale (Ricketts et al., 2017), on the other hand, is unique to the field of mathematics ('I know 
where to get help if I am having difficulty with math'). 

According to Martin and Marsh (2006), commitment involves showing students the importance of 
strategy and effort in attaining improvement, which in turn promotes a focus on mastery. Acknowledging 
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that students have control over the results of their decisions and actions, self-control is one way to show 
how effort and strategy adjustments are made to achieve goals (Martin & Marsh, 2006). Fear of failing is 
a common cause of anxiety in students (Covington, 1992). By increasing self-confidence, learning how to 
handle mistakes, fostering a collaborative environment in all academic endeavours, and adopting a 
success mindset, it is crucial to lessen the fear of failing (Martin & Marsh, 2006). Plans are crucial for 
achieving objectives, working in an environment with a clear purpose, and using self-control or regulation 
techniques to improve planning and persistence. Plans are crucial for achieving objectives, working in an 
environment with a clear purpose, and using self-control or regulation techniques to improve planning 
and persistence (Zulfikar et al., 2022). The key component of academic resilience that influences people's 
behaviour and attitude when they encounter difficulties is self-efficacy (Cassidy, 2015). To enhance 
students' self-confidence, learning needs to be restructured to optimize opportunities for success (Martin 
& Marsh, 2003). 

More generally, research has advocated academic resilience as a multifaceted phenomenon. Colp 
(2015) defined academic resilience as a second-order component comprising five first-order elements and 
tested it with 23 items, whereas He (2014) used 12 items to assess three first-order factors. In both cases, 
exploratory and confirmatory factor analyses confirmed the concept of academic resilience as a 
multidimensional entity.  The most well-known multi-dimensional measure is the Academic Resilience 
Scale-30 (Cassidy, 2016), a comprehensive tool that covers all aspects of resilience. The Academic 
Resilience Scale (ARS-30) has been designed explicitly as a multidimensional tool to evaluate cognitive-
affective and behavioural responses to adversity in academic settings (Cassidy, 2016). The validation of 
the Academic Resilience Scale across different cultural contexts has demonstrated its adaptability and 
robustness across diverse populations (Cui et al., 2023). 

Research has also highlighted the importance of cultural considerations in understanding academic 
resilience, particularly among Black college students (Mills, 2021). Moreover, the development of 
academic resilience scales tailored to specific populations, such as undergraduates in Taiwan, has been 
emphasized to capture the unique aspects of resilience within different cultural contexts (Homaedi et al., 
2022) (Li et al., 2019). Studies have also explored the impact of academic resilience on academic 
performance during crises like the COVID-19 pandemic (Dwiastuti et al., 2022). 

The Academic Resilience Scale for undergraduates focuses on cognitive perception, emotional 
management, and problem-solving ability to capture the core of academic resilience (Li et al., 2019). 
Research has stressed the need to evaluate academic resilience at various stages to understand its 
progression and influence, particularly during stressful periods such as exams or thesis writing 
(Kumalasari, 2023). Understanding the complex nature of academic resilience and cultural nuances allows 
educators and institutions to undertake tailored interventions to improve undergraduate students' 
capacity to overcome challenges and prosper in their academic pursuits in Indonesia. The potential impact 
of this work on the Indonesian population underscores the significance of developing reliable and valid 
measurement tools for assessing and comprehending students' resilience levels, thereby guiding 
interventions and support systems to enhance academic success. 

This study aimed to examine the psychometric properties of the College Academic Resilience Scale 
(CARS), which refers to Martin and Marsh (2003, 2006). Unlike Martin and Marsh (2003, 2006), who 
compiled the measurement of academic resilience based on the one-dimensionality of commitment, 
control, calm, coordination, and confidence, CARS is oriented towards the multidimensionality of the 5-C 
model. Therefore, the confirmatory factor analysis test used to test construct validity is a multifactor 
model to confirm each item that makes up the 5-C model on academic resilience. In addition, this study 
also evaluated reliability using the polytomous Rasch model. 
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METHODS 
Participants  

Table 1 illustrates the demographic characteristics of the sample. The participants in this study were 
200 undergraduates in Indonesia, consisting of 156 females (78%) and 44 males (22%) and from age 
groups ranging from under 19 years old, to over 21 years old with an average age of 20 years old and 
consisted of various universities in South Sumatra province. 

Table 1. <Participant characteristics> 

Chategories f % 

Sex differences   
Females 156 78.0 
Males 44 22.0 

Age   
Under 19 55 27.5 
19-21 135 67.5 
Above 21 10 5.0 

Backgrounds   
Universitas Sriwijaya 21 10.5 
Universitas Islam Negeri Raden Fatah Palembang 123 61.5 
Universitas PGRI Palembang 10 5.0 
Universitas Sumatera Selatan 11 5.5 
Universitas Muhammadiyah Palembang 7 3.5 
Universitas Kader Bangsa 3 1.5 
Universitas Bina Darma 3 1.5 
Universitas Baturaja 7 3.5 
Poltekkes Kemenkes Palembang 8 4.0 
Politeknik Negeri Sriwijaya 7 3 

Design and Procedures 
This study applied quantitative research methods (Gravetter & Forzano, 2018). Quantitative 

methods are used to measure students in South Sumatra, where data is generated in the form of 
numerical data and then analyzed with statistical and psychometric approaches. The statistical analysis 
used descriptive analysis with a descriptive research strategy (Gravetter & Forzano, 2018). In addition, 
this study aimed to test the validity and reliability of the development of measuring instruments that 
measure academic resilience. 

The number of participants who contributed to the study was more than 200, which in determining 
the sample size in this study refers to Loehlin and Beaujean (2017), who states that the recommended 
sample size for factor analysis and structural equation analysis is 200 or more. In conducting the research, 
we used incidental sampling (Gravetter & Forzano, 2018), which means that students in South Sumatra 
who are willing to become research participants and participate in this study are research participants. 
After the participants agreed to participate in the study, they were asked to complete an informed 
consent form, indicating that they participated voluntarily without coercion. This study followed ethical 
research, which is based on the Declaration of Helsinki (Association, 2013), the Belmont Report (Anon, 
1979), and research and publication standards based on the American Psychological Association 
(Association, 2019), in the context of research involving human beings. Then, this research took place 
after obtaining permission to conduct research from the Faculty of Psychology, Universitas Islam Negeri 
Raden Fatah Palembang. 
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Measurement 
The College Academic Resilience Scale (CARS) questionnaire contains 29 statements consisting of 

various items to evaluate academic resilience, specifically to increase student confidence, management, 
and reduce anxiety experienced by students. This questionnaire was developed based on the underlying 
theories, research, and literature from Martin and Marsh (2003, 2006). The reliability estimation 

technique based on factor analysis in this study uses the Omega Coefficient ()  and Theta Coefficient () 
approaches with the help of Mplus 0.8 software (Muthén & Muthén, 2017). Item analysis with the Rasch 
Model approach using jMetric software version 4.1.1. The parameters used to assess the quality of items 
in IRT are Item Difficulty, Distinguishing Power, and Reliability. In Rasch analysis, there are three different 
estimation stages considered: (i) Calibration of examinee ability and item difficulty, (ii) Estimation of fit (iii) 
Assessment of one-dimensionality using Principal Component Analysis (PCA) of Rasch residuals (Bond et 
al., 2020). 

Statistical Analysis 
Descriptive analysis 

This study conducted a descriptive analysis test, which was used to determine the normality of data 
distribution, central tendency, and variability (Gravetter et al., 2021). The normality test indicates whether 
the data is normally distributed, which is symmetrical or skewness, which in this study uses skewness (± 
2) and kurtosis (± 7) (Hair et al., 2019). Furthermore, this study applies the mean and standard deviation 
scores to conduct descriptive analysis tests. In addition, this study also displays the results of correlations 
between dimensions (i.e., confidence (self-belief), coordination (planning), control (a sense of control), 
composure (anxiety), and commitment (persistence) Martin and Marsh (2003, 2006) that make up CARS. 
To conduct the descriptive analysis, this study used Jamovi 2.3 (Jamovi, 2022). 

Multifactor model 
Confirmatory factor analysis is the relationship between observed variables and continuous latent 

variables, which is part of classical test theory (Muthén & Muthén, 2017), which in this study used Mplus 
version 7. Confirmatory factor analysis is one of the construct validity tests (Raykov & Marcoulides, 2011). 
The multifactor model is one of the models of confirmatory factor analysis, which consists of continuous 
factor indicators (Muthén & Muthén, 2017). In this study, there are seven interconnected continuous 
factors, namely (1) Confidence (self-belief); (2) Coordination (planning); (3) Control (a sense of control); 
(4) Composure (anxiety); and (5) Commitment (persistence) (Martin & Marsh, 2006). Model fit refers to 
goodness of fit indices in the form of absolute fit index (i.e., Root Mean Square Error of Approximation 
(RMSEA) and Standardized Root Mean Square Residual (SRMR)) and incremental fit index (i.e., 
Comparative Fit Index (CFI) and Tucker-Lewis’s index (TLI)) (Hair et al., 2019). 

Both the absolute fit index and the incremental fit index refer to Hu and Bentler (1999), where the 
Comparative Fit Index (CFI) > 0.95, Tucker-Lewis’s index (TLI) > 0.95, Root Mean Square Error of 
Approximation (RMSEA) < 0.06, and Standardized Root Mean Square Residual (SRMR) < 0.08. 
Furthermore, this study also reported the results of 90% CI RMSEA≤ 0.05 (Raykov & Marcoulides, 2011) 
and probability RMSEA≥ 0.05 (Raykov & Marcoulides, 2011). Meanwhile, analysis at the item level using 
cutoff factor loading (factor loading > 0.32) (Tabachnick & Fidell, 2021) and estimated SE (t-value > 1.96) 
(Raykov & Marcoulides, 2011). 

In addition to psychometric testing on multifactors for models and items, confirmatory factor 

analysis tests also produce (McDonald, 2013) McDonald's Omega (), Average Variance Extracted (AVE), 

and Composite Reliability (CR). McDonald's Omega ()  is used to determine reliability, as is Cronbach's 
Alpha. AVE is one method to test validity with construct validity / convergent validity (Cheung et al., 2024; 

Dos Santos & Cirillo, 2023; Hair et al., 2021). Meanwhile, McDonal's  and CR are used to determine 
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reliability (Cheung et al., 2024; Flora, 2020). McDonal's , AVE, and CR are applied to each of the factors 

that make up CARS, with respective cutoffs of McDonald's  ≥ 0.70 (Hancock & An, 2020; McNeish, 2017; 
Reise et al., 2013), AVE  ≥ 0.50 (Fornell & Larcker, 1981) and CR ≥ 0.70 (Hair et al., 2019). In this study, the 

three of McDonald's Omega (), Average Variance Extracted (AVE), and Composite Reliability (CR) were 
estimated based on each of the factors that make up academic resilience. 

Polytomous Rasch model  
Rasch Rating Scale Model (RSM), also called Rasch Polytomous model developed by Andrich (1978) 

for polytomous data (data with >= 2 ordinal categories) provides estimated values including (a) Person 
locations, (b) Item Difficulties, (c) threshold values (fixed across items). The Rasch Polytomus model is a 
generalization of the dichotomous Rasch model from the concept of item response theory (IRT) which is 
a measurement model that has potential application in contexts whose purpose is to measure a trait or 
ability through a process in which responses to items are scored with sequential integers (Urbina, 2014). 
In this case, partial credit models are often used to identify different levels of categories. For example, in 
the use of Likert scales, rating scales, and educational assessment items that score successively higher 
integers to indicate increasing levels of competence or achievement. When compared to classical test 
theory, IRT has several advantages, namely: (1) item statistics are independent of the estimated sample, 
(2) scores are evaluated independently based on the difficulty level of the test items, (3) item analysis 
incorporates the fit between test items and the respondent's level of knowledge, (4) analysis does not 
require parallel tests to determine the level of reliability, (5) item statistics and question answering ability 
scores are both reported on the same scale (Bond et al., 2021). The scoring model using the rating scale 

model has an equation value :  𝒾𝓃 [
Ρ𝓃𝒾 (𝓍 = 𝒦)

Ρ𝓃𝒾 (𝓍 =𝒦−1)
]  =  𝜃𝓃  −  𝛿𝒾  −  𝒯𝓀 =   is the value of person's ability, d 

the value of item difficulty, and the value of thresholds estimates items. The Rasch Rating Scale Model 
(RSM) assumes that the threshold structure is fixed across items. The relative distance between 
thresholds is the same across items, but items still have different levels of difficulty. Thresholds only move 
up or down the logit scale (Andrich & Marais, 2019). 

RESULTS AND DISCUSSIONS 
Descriptive Statistics Testing 

Table 2 is the result of descriptive statistical analysis based on each dimension contained in CARS. 
In detail, confidence shows M = 3.24 and SD = 0.532. Coordination indicates M = 2.92 and SD = 0.624. 
Control indicated M = 3.03 and SD = 0.521. Composure indicated M = 1.92 and SD = 0.381. Commitment 
resulted in M = 3.25 and SD = 0.558. Meanwhile, the distribution of data on confidence, coordination, 
control, composure, and commitment is normally distributed. The reference for normal distribution is 
based on (Hair et al., 2019), with a range of skewness ± 2 and kurtosis ± 7. In this study, the findings of 
skewness and kurtosis show in the range of skewness ± 2 and kurtosis ± 7, which are detailed as confidence 
(skewness = -0.828, kurtosis = 1.63), coordination (skewness = -0.261, kurtosis = 0.116), control (skewness 
= 0.070, kurtosis = -0.387), composure (skewness = -1.11, kurtosis = 0.43), and commitment (skewness = 
-0.491, kurtosis = 0.048). 

Table 1 also summarizes the correlation results between dimensions. The results of the correlation 
analysis between dimensions show that all five dimensions of CARS are significantly related. Confidence 
is significantly positively related to coordination (r = 0.663, p < 0.001), control (r = 0.696, p < 0.001), and 
commitment (r = 0.655, p < 0.001). However, confidence was significantly negatively related to composure 
(r = -0.287, p < 0.001). Then, coordination was significantly positively correlated with control (r = 0.611, p 
< 0.001) and commitment (r = 0.614, p < 0.001), but coordination was significantly negatively correlated 
with composure (r = -0.291, p < 0.001). Next, control was significantly negatively correlated with 
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composure (r = -0.4017, p < 0.001) and significantly positively correlated with commitment (r = 0.669, p < 
0.001). Lastly, composure was significantly negatively correlated with commitment (r = -0.315, p < 0.001). 

Table 2. <Descriptive statistics testing> 

Dimension M SD 
Skewne

ss 
Kurtos

is 
1 2 3 4 5 

Confidence (self-belief) 
3.2
4 

0.53
2 

-0.828 1.630 -     

Coordination (planning) 
2.9
2 

0.62
4 

-0.261 0.116 
0.663**

* 
-    

Control (a sense of 
control) 

3.0
3 

0.52
1 

0.070 -0.387 
0.696**

* 
0.611**

* 
-   

Composure (anxiety) 

1.9
2 

0.38
1 

-1.110 0.430 
-

0.287**
* 

-
0.291**

* 

-
0.401**

* 
-  

Commitment 
(persistence) 

3.2
5 

0.55
8 

-0.491 0.048 
0.655**

* 
0.614**

* 
0.669**

* 

-
0.315**

* 
- 

*** p < 0.001 
 

Table 3 is the result of the multifactor model for confirmatory factor analysis and the results of the 
Rasch model for measurement in the form of a rating scale / polytomous based on 29 CARS items. Of the 
29 items, 3 items were eliminated due to the factor loading t-value (on confirmatory factor analysis) and 
the unweighted mean square value on the Rasch model. Therefore, based on the results of the item 
analysis, 26 items explain the five factors/dimensions that measure academic resilience.  

Items were retained with the criteria of estimated SE (t-value > 1.96) (Raykov & Marcoulides, 2011) 
and factor loading (factor loading > 0.32) (Tabachnick & Fidell, 2021). Out of 29 items, item 11 on 
coordination (planning) was eliminated because factor loading = -0.288 < 0.32) and t-value = -4.068 (< 
1.96). In addition, in composure (anxiety), two items were eliminated (i.e., item18 and item19), each of 
which item18 (factor loading = -0.630, t-value = -11.127) and item19 (factor loading = -0.354, t-value = -
4.899) had factor loadings and t-values that did not match the cutoff.  

Furthermore, after the three items were removed, the factor loading values ranged from 0.267-
0.859, and the t-value ranged from 3.603 to 34.708. Tabachnick and Fidell (2021) state that factor loading 
> 0.32, which means that item 20 (which later, after item analysis, became item 18) with a factor loading 
value = 0.267, which indicates that the item is eliminated. However, item 20 was retained because the t-
value was above 1.96 (Raykov & Marcoulides, 2011). 

The College Academic Resilience Scale (CARS) has an initial number of 29 items; 3 items are canceled 
because they do not meet the fit criteria in the Rasch model. From the analysis results obtained, 26 
items fit the Rasch model. The results of summary statistics using the jMetrik 4.1.1 program can be seen 
in Table 2. 

In table 3, it can be seen that the value of the item fit level from the outfit means-square (UMS) 
column for each item has an accepted value of 0.5 < MNSQ < 1.5, which means that the 26 items on the 
Collage Academic Resilience Scale (CARS) scale function normally in making instruments or instruments 
according to the model to measure student competence in academic resilience. According to Bond et al. 
(2020) if the item meets the MNSQ value criteria, it means that the item is good and needs to be revised 
or replaced. In contrast to the level of item difficulty, which is consistent, the level of suitability of this 
item is strongly influenced by the size of the sample. The results of the item difficulty level (item 
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measure) on the Rasch Rating Scale Model (RSM) the higher the value, the more difficult it is to choose 
“agree” (Urbina, 2014), it can be seen in the difficulty column, there is item 11 (3.49 > 0.70), item 3 (1. 67 
> 0.70), item 17 (1.23 > 0.70) and item 21 (1.21 > 0.70) where respondents find it difficult to choose the 
agree option while for item 19 (-3.26 < 0.30), item 8 (-1.96 < 0.30), and item 9 (-1.24 < 0.30) respondents 
find it very easy to choose the agree option. 

Furthermore, it can be seen in the column number on communalities referring to the Measure of 
Sampling Adequacy (MSA) number, ranging from 0 to 1, with MSA criteria> 0.5 (Urbina, 2014). 26 items 
have communalities values above> 0.5, so all of these items can be continued for differential item 
functioning (DIF) analysis. In the Rasch model, item bias can be found with DIF (differential item 
functioning). Items with DIF found (p < 0.05) are recommended to be re-evaluated (Bond et al., 2020). 
The results of the DIF test on CARS are 24 items that have a DIF value> 0.05, meaning that 24 CARS items 
do not have item bias and can be trusted for the accuracy of instrument measurement on the concept of 
academic resilience and two items, namely 5 and 19, have a value of <0.05, meaning that the item needs 
to be revised again. 

Table 3. <Psychometric testing for factorial and polytomous models at the item level> 

Items 
Factorial Model  Polytomous Rasch Model 

Factor Loading Estimated/SE  Difficulty UMS* 𝒉𝟐 DIF 

Item1a 0.691 15.704  -0.29 0.79 0.76 0.58 
Item2 a 0.720 17.811  -0.18 0.83 0.80 0.88 
Item3 a 0.348 5.240  1.67 1.05 0.56 0.65 
Item4 a 0.653 13.709  -0.72 0.87 0.78 0.90 
Item5 a 0.701 16.451  0.35 0.82 0.79 0.01 
Item6 a 0.728 18.311  -0.84 0.66 0.60 0.29 
Item7b 0.595 11.506  0.16 0.92 0.94 0.36 
Item8 b 0.727 15.325  -1.96 0.92 0.86 0.15 
Item9 b 0.859 23.720  -1.24 0.70 0.71 0.77 

Item10 b 0.695 15.990  -0.45 0.67 0.69 0.93 
Item11c 0.738 18.043  3.49 1.02 0.61 0.05 
Item12 c 0.769 21.516  -0.39 1.00 0.80 0.28 
Item13 c 0.746 18.749  -0.60 0.71 0.64 0.91 
Item14 c 0.636 13.478  -0.09 0.71 0.71 0.17 
Item15 c 0.601 11.704  -0.32 0.98 0.95 0.33 
Item16 c 0.350 5.323  0.17 0.89 0.89 0.34 
Item17d 0.345 4.853  1.23 1.30 0.82 0.06 
Item18 d 0.267 3.603  1.02 1.23 0.83 0.85 
Item19 d 0.546 8.570  -3.26 1.06 0.34 0.01 
Item20 d 0.811 13.829  1.12 0.68 1.40 0.11 
Item21e 0.768 23.596  1.21 0.78 0.74 0.12 
Item22 e 0.579 11.097  -0.61 0.58 0.72 0.41 
Item23 e 0.752 22.007  0.81 1.41 1.51 0.38 
Item24 e 0.850 34.708  0.18 0.93 0.97 0.62 
Item25 e 0.712 18.570  -0.39 0.72 0.68 0.47 
Item26 e 0.825 30.890   0.41 1.16 1.16 0.73 

*UMS = Unweighted Mean Square 
*ℎ2 (communalities) = > 0.5 
*DIF= > 0.05 
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*UMS = 0.50 – 1.50 
aItem1 – Item6 = Confidence (self-belief); bItem7 – Item10 = Coordination (planning); 
cItem11 – Item16 = Control (a sense of control); dItem17 – Item20 = Composure 
(anxiety); eItem21 – Item26 = Commitment (persistence) 

 

The College Academic Resilience Scale (CARS) has an initial number of 29 items; 3 items were 
eliminated because they did not meet the fit criteria in the Rasch model. From the analysis results 
obtained, 26 items fit the Rasch model. The summary statistical results are presented in Table 4. The 
results of item analysis take into consideration three (3) parameters in assessing the quality of items that 
will be used to assess students' abilities, namely item difficulty (p), item discriminating power (D), and 
item reliability (r). The results are presented in Table 4. The summary statistics presented in Table 4 show 
that, for a total of 26 items with 200 participants, the mean score was 25.78  (SD = 6.15). Mean item 
difficulty (p) and mean item discrimination are 0.43 and 0.22, respectively. This statistic reveals that the 
test has an adequate reliability index; the index is 0.876, which is higher than the recommended value of 
0.70 (Bond et al., 2020). 

Table 4. <Summary item statistics> 

Parameter Value 

Number of items 26 
Number of Responses 200 
Reliability (Alpha) 0.876 
Mean Scores 25.78 
S.D 6.15 
Mean P 0.43 
Mean rpbi 0.41 

 

The mean item difficulty of 0.43 is within the required standard for a moderately difficult item with 
a discrimination index of 0.41, which is excellent for the entire test (Urbina, 2014). The results presented 
in Table 3 above show that the item analysis showed that 19 or 73.08% of the items had satisfactory item 
statistics (D > 0.20). These items met the minimum requirements for inclusion in the final version of the 
test. However, 7 (26.93%) based on the predefined criteria were recommended for revision from the test, 
having (D > 0.19). This means that 7 items can be included in the final test with minor revisions. The 
internal consistency reliability of the test items was assessed and found acceptable with a Cronbach's 
alpha value of 0.876. 

Multifactor Model Findings 
Table 5 summarizes the results of the factorial model and polytomous Rasch model. The factorial 

model test was conducted twice. The first factorial model is CARS with 29 items, and the second factorial 
model is CARS with 26 items after item analysis. The results of the factorial model on CARS with 29 items 
were found with 𝜒2 (367) = 956,310, p = 0.0000, Comparative Fit Index (CFI) = 0.798, Tucker-Lewis index 
(TLI) = 0.776, Root Mean Square Error of Approximation (RMSEA) = 0.090, 90% CI Root Mean Square Error 
of Approximation (RMSEA) = 0.083-0.097, probability Root Mean Square Error of Approximation (RMSEA) 
= 0.000, and Standardized Root Mean Square Residual (SRMR) = 0.076. Referring to Hu and Bentler (1999), 
the cutoffs on fit indices are as Comparative Fit Index (CFI) > 0.95, Tucker-Lewis’s index (TLI) > 0.95, Root 
Mean Square Error of Approximation (RMSEA) < 0.06, and Standardized Root Mean Square Residual 
(SRMR) < 0.08. Thus, the Comparative Fit Index (CFI), Tucker-Lewis index, and Root Mean Square Error of 
Approximation (RMSEA) were found with a poor fit index. In addition, when looking at the results of the 
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90% CI Root Mean Square Error of Approximation (RMSEA) and probability Root Mean Square Error of 
Approximation (RMSEA) are also found with a poor fit index. This is due to the accepted value is 90% CI 
RMSEA≤ 0.05 (Raykov & Marcoulides, 2011) and probability RMSEA≥ 0.05 (Raykov & Marcoulides, 2011) 
However, in this model 1, Standardized Root Mean Square Residual (SRMR) was found to be a good fit 
with Standardized Root Mean Square Residual (SRMR) < 0.08 (Cho et al., 2020; Hu & Bentler, 1999). 

Table 5 for model 2 was found with 𝜒2 (266) = 403.741, p = 0.0000, Comparative Fit Index (CFI) = 
0.949, Tucker-Lewis’s index (TLI) = 0.938, Root Mean Square Error of Approximation (RMSEA) = 0.051, 
90% CI Root Mean Square Error of Approximation (RMSEA) = 0.041-0.061, probability Root Mean Square 
Error of Approximation (RMSEA) = 0.432, and Standardized Root Mean Square Residual (SRMR) = 0.052. 
Based on the results of the factorial model for model 2, Root Mean Square Error of Approximation 
(RMSEA), 90% CI Root Mean Square Error of Approximation (RMSEA), probability Root Mean Square Error 
of Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR) were found to be a 
good fit. This refers to the suggested cutoff Root Mean Square Error of Approximation (RMSEA) < 0.06 
(Hu & Bentler, 1999; Xia & Yang, 2019), and Standardized Root Mean Square Residual (SRMR) < 0.08 (Hu 
& Bentler, 1999), 90% CI RMSEA≤ 0.05 (Raykov & Marcoulides, 2011), and probability RMSEA≥ 0.05 
(Raykov & Marcoulides, 2011). Meanwhile, the cutoff for Comparative Fit Index (CFI) and Tucker-Lewis’s 
index (TLI) is > 0.95 (Hu & Bentler, 1999; Xia & Yang, 2019), and this study found Comparative Fit Index 
(CFI) = 0.949 and Tucker-Lewis’s index (TLI) = 0.938. Hair et al. (2019) mentioned that the Comparative Fit 
Index (CFI) and Tucker-Lewis’s index (TLI) = 0.95 are in the good-fitting model category, but the 
Comparative Fit Index (CFI) and Tucker-Lewis’s index (TLI) = 0.90 were found to be weak. In addition, Hair 
et al. (2019) suggested that the Comparative Fit Index (CFI) and Tucker-Lewis’s index (TLI) above 0.90 is 
an inappropriate determination of incremental goodness-of-fit. Thus, the Comparative Fit Index (CFI) and 
Tucker-Lewis’s index (TLI) were found to be poor fit indices. 

Polytomous Rasch Model 
In Table 5, it is known that the instrument on the College Academic Resilience Scale (CARS) has a 

total of 26 items consisting of five (5) factors. The first factor, which is confidence, consists of 6 items 
(CARS1-CARS6), the results of the Rasch model analysis show that the value of item measurement 
reliability = 0.9681 (> 0.94) means that 6 items are very good at measuring confidence, Person 
Measurement Reliability = 0.7521 (0.67-0.80) means that student responses in answering the six items 
are good at measuring confidence, Item Strata Separated = 5. 5090 (4-5), Person Strata Separated = 0.7521 
(0.67-0.80), the second factor Coordination 4 items (CARS7-CARS10), item measurement reliability value 
= 0.9822 (>94), Person Measurement Reliability = 0.7521 (0.67-0.80), Item Strata Separated = 5.5090 (4-
5) Person Strata Separated = 4.7417 (4-5). The third factor, a sense of control, 6 items (CARS12-CARS17), 
item measurement reliability = 0.9646 (>94), Person Measurement Reliability = 0.7608 (0.67-0.80), Item 
Strata Separated = 5.2205 (4-5), Person Strata Separated = 3.7836 (3-4). The fourth factor, composure 6 
items (CARS20-CARS23), the value of item measurement reliability = 0.9918 (>94), Person Measurement 
Reliability = 0.7238 (0.67-0.80), Item Strata Separated = 10.994 (>5), Person Strata Separated = 5. 7948 
(>5) And the fifth factor commitment 6 items (CARS24-CARS29), the value of item measurement reliability 
= 0.8994 (0.81-0.90), Person Measurement Reliability = 0.7910 (0.67-0.80), Item Strata Separated = 2.9905 
(2-3) Person Strata Separated = 2.9456 (2-3). 

Table 5. <Psychometric Results for College Academic Resilience Scale> 

Psychometric Results 
Suggested Cut-

off 
Value 

Factorial Model   
Model 1. (CARS with 29 items)   
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Psychometric Results 
Suggested Cut-

off 
Value 

𝜒2(df) No significance 956.310 (367)* 
Comparative Fit Index (CFI)   0.95 0.798 
Tucker–Lewis’s index (TLI)   0.95 0.776 
Root Mean Square Error of Approximation (RMSEA)  0.06 0.090 
90 % CI Root Mean Square Error of Approximation (RMSEA)  0.05 0.083-0.097 
probability Root Mean Square Error of Approximation 
(RMSEA)  0.05 0.000 

Standardized Root Mean Square Residual (SRMR)  0.08 0.076 
Model 2. (CARS with 26 items)   

𝜒2(df) No significance 403.741 (266)* 
Comparative Fit Index (CFI)   0.95 0.949 
Tucker–Lewis’s index (TLI)   0.95 0.938 
Root Mean Square Error of Approximation (RMSEA)  0.06 0.051 
90 % CI Root Mean Square Error of Approximation (RMSEA)  0.05 0.041-0.061 
probability Root Mean Square Error of Approximation 
(RMSEA)  0.05 0.432 
Standardized Root Mean Square Residual (SRMR)  0.08 0.052 

Polytomous Rasch Model   
Item Measurement Reliability   

Confidence (self-belief)          > 0.94 0.9681 
Coordination (planning) >  0.94 0.9822 
Control (a sense of control) > 0.94 0.9646 
Composure (anxiety) > 0.94 0.9918   
Commitment (persistence) 81-.90 0.8994 

Person Measurement Reliability   
Confidence (self-belief)                                                                                    0.67-0.80 0.7521 
Coordination (planning) 0.67-0.80 0.7554 
Control (a sense of control) 0.67-0.80 0.7608 
Composure (anxiety) 0.67-0.80 0.7238 
Commitment (persistence) 0.67-0.80 0.7910 

Item Strata Separated   
Confidence (self-belief)  4-5 5.5090 
Coordination (planning)  > 5 7.4320 
Control (a sense of control) 4-5 5.2205 
Composure (anxiety) > 5 10.994 
Commitment (persistence)                                                                            2-3 2.9905 

Person Strata Separated   
Confidence (self-belief)   4-5 4.7417 
Coordination (planning)   4-5 4.7573 
Control (a sense of control)   3-4 3.7836 
Composure (anxiety)  > 5 5.7948 
Commitment (persistence)    2-3   2.9456 

*p = 0.0000 
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Table 4 displays the summary results of the validity and reliability analysis with Mplus version 7, 

which consists of McDonald's Omega (), Average Variance Extracted (AVE), and Composite Reliability 
(CR). Average Variance Extracted (AVE) and Composite Reliability (CR) were analyzed simultaneously. 
Average Variance Extracted (AVE) is part of the construct validity section, a convergent validity (Fornell & 
Larcker, 1981), which estimates construct validity by determining the average latent construct variance 
explained by several items/observed variables (Dos Santos & Cirillo, 2023). Fornell and Larcker (1981) 
formulated the Average Variance Extracted (AVE) formula as follows below. 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 (𝐴𝑉𝐸) =  
∑ 𝜆𝑖

2𝑝
𝑖=1

∑ 𝜆𝑖
2𝑝

𝑖=1 +  ∑ 𝑉𝑎𝑟 (𝜀𝑖)
𝑝
𝑖=1

=  
1

𝑝
 (∑ 𝜆𝑖

2
𝑝

𝑖=1
) 

 

The above equation involves standardized factor loading based on each item that makes up a 
construct (Cheung et al., 2024). Therefore, the Average Variance Extracted (AVE) formula proposed by 
Fornell and Larcker (1981) shows the overall average standardized factor loading squared on all indicators 
of this academic resilience construct. Meanwhile, the suggested cutoff for Average Variance Extracted 
(AVE) is > 0.50 (Fornell & Larcker, 1981). Thus, the Average Variance Extracted (AVE) findings on CARS 
show that control (Average Variance Extracted (AVE) = 0.339) and composure (Average Variance Extracted 
(AVE) = 0.212) do not show convergent validity due to the Average Variance Extracted (AVE) value below 
0.50. On the other hand, confidence (Average Variance Extracted (AVE) = 0.654), coordination (Average 
Variance Extracted (AVE) = 0.516), and commitment (Average Variance Extracted (AVE) = 0.689) show 
convergent validity with Average Variance Extracted (AVE) above 0.50. 

Table 4. <McDonald's Omega (), Average Variance Extracted (AVE), and Composite Reliability (CR) 
results> 

Dimension McDonald's  AVE CR 

Confidence (self-belief) 
(item 1 – item 6) 

0.814 0.654 0.835 

Coordination (planning) 
(item 7 – item 10) 

0.745 0.516 0.810 

Control (a sense of control) 
(item 11 – item 16) 

0.795 0.339 0.794 

Composure (anxiety) 
(item 17 – item 20) 

0.545 0.212 0.498 

Commitment (persistence) 
(item 21 – item 26) 

0.787 0.689 0.877 

 

Furthermore, McDonald's Omega () (see Table 4) is obtained based on the equation proposed by 
(McDonald, 2013), which is used to estimate reliability (Hayes & Coutts, 2020; Orcan, 2023; Widhiarso & 
Ravand, 2014), which refers based on factor loading and variance (Dunn et al., 2014). The McDonald's 

Omega ()  coefficient formula is as follows. 
 

𝑀𝑐𝐷𝑜𝑛𝑎𝑙𝑑′𝑠 𝜔 =  
(𝑗)2

[(𝑗)2 + ∑ 𝜃𝑗]
 

 

In the formula above,  (𝑗)2  is the total number of unstandardized factor loadings that are 

quartered from each item that makes up the dimension (McDonald, 2013). Meanwhile, the divisor is the 
total number of unstandardized factor loadings that are quartered from each item that makes up the 
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dimension and the total number of residual variance items (McDonald, 2013). Several studies found that 

the suggested cutoff for the McDonald's  coefficient is ≥ 0.70 (Hancock & An, 2020; McNeish, 2017; Reise 

et al., 2013). Meanwhile, Reise et al. (2013) stated that McDonald's  is ≥ 0.50 is acceptable. In this study, 

confidence ( = 0.814), coordination ( = 0.745), control ( = 0.795), composure ( = 0.545), and 

commitment ( = 0.787) indicate values that are satisfaction (above 0.800) (Goodboy & Martin, 2020) 
and acceptable (between 0.500 to 0.700) (Reise et al., 2013). 

Furthermore, Composite Reliability (CR) is also one method of determining reliability in structural 
equation modeling (Raykov, 1997). In detail, the Composite Reliability (CR) formula equation is as follows 
below.  

 

𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝐶𝑅) =  
(∑ 𝜆𝑖)2

(∑ 𝜆𝑖)2 +  ∑(1 −  𝜆𝑖
2)

 

 

The Composite Reliability (CR) equation proposed by Raykov (1997) involves standardized factor 
loading of both latent constructs and indicators of the items that make up CARS. Hair et al. (2019) state 
that the CR value can be used to state good reliability if it is above 0.70. This study found that composure 
(Composite Reliability (CR) = 0.498) shows poor reliability due to Composite Reliability (CR) below 0.70. 
Then, confidence (Composite Reliability (CR) = 0.835), coordination (Composite Reliability (CR) = 0.810), 
control (Composite Reliability (CR) = 0.794), and commitment (Composite Reliability (CR) = 0.877) were 
found with good reliability due to Composite Reliability (CR) above 0.70. 

The reliability index and separation of persons obtained from the results of the analysis using the 
help of jMetric software, it was found that the 'reliability of person' index was 0.87, and the value of 
separation of persons measured was 2.50. From the results of these two reliability values are classified as 
good, this indicates that the variability of student abilities in this study is quite adequate. This is an 
indication that the resilience ability of each student is well tested, and there are three different groups of 
students, namely students with low, medium, and high abilities. The results of the Rasch model analysis 
also indicate that the item reliability and item separation index are 0.93 and 3.73. These values indicate 
that the reliability of the items in the developed Resilience Test is very good and that the sample of people 
is large enough to confirm the hierarchy of difficulty levels of the test items. 

Figure 1 provides information that the person density table shows the distribution of respondents 
is normally distributed, and in the item number table, the distance between all items is the same because 
the threshold value is made the same, but the position is different because it depends on the item 
difficulty of each item. Difficult items will be at the highest position. Figure 1 can be interpreted that 
students who have low academic resilience, with a value on the X axis of -0.5, are 50% likely to answer 
strongly disagree and 50% to answer strongly agree. 

Figure 2 provides information on the normal distribution of items by meeting the criteria can be 
seen in table 2 with the limits of items declared fit with the model if they meet one or both of the MNSQ 
Outfit between 0.5 - 1.5 and ZSTD Outfit between -0.2 to +2.0 and the item correlation value with the 
total score (point measure correlation) ranging from 0.4 - 0.85. Thus, to maintain any item in a test, it 
should satisfy the following conditions as provided by (Bond et al., 2021), (1) PTMEA CORR is positive and 
not 0 or close to it, (2) The INFIT and OUTFIT MNSQ index fall within the acceptable range for Multiple 
choice Questions, i.e., 0.7 ≤ MNSQ ≤ 1.3, (3) The Z standard (ZSTD) values fall within the acceptable range 
of -2.0 ≤ Z ≤ 2.0. The result shows that items 11, 3,17, and 21 Outfit MNSQ are out of the acceptable range 
and have very low PTMEA CORR close to zero. 

Figure 3 shows the measurement information obtained from the College Academic Resilience Scale. 
The X axis shows the level of student ability in answering the academic resilience instrument, while the Y 
axis shows the magnitude of the Probability information function. At a high level of academic resilience, 
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the information obtained by measurement is very high, meaning that very much information is obtained 
to provide a high reliability value. Therefore, the development of academic resilience test instruments is 
optimal for knowing the ability of students who have high academic resilience.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1. <Item Map of the Academic Resilience Scale (CARS)> 
 

 
Figure 2. <CARS item information> 
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Figure 3. <CARS person plot information> 

 

To ensure that the resilience test on the CARS scale measures the desired five factors of Confidence, 
Coordination, Control, Composure, and Commitment, assessing unidimensionality is essential. To 
determine unidimensionality in this study, PCA of the Rasch residuals was performed. The raw variance 
explained by size was 25.9%, which closely matched the expected variance of 25.7%. The raw variance 
explained by person was 5.7%, and the variance explained by item was 20.89%. The results show that the 
explained variance of 25.9% is higher than the minimum requirement of unidimensionality, which is 20%. 
this means that, unidimensionality of each factor is accomplished. 

Based on the results of the confirmatory factor analysis and polytomous Rasch model test, of the 
29 items, 3 items were eliminated due to the factor loading t-value (on confirmatory factor analysis) and 
the unweighted mean square value on the Rasch model. Therefore, based on the results of the item 
analysis, 26 items explain the five factors/dimensions that measure academic resilience. However, in the 
differential item functioning (DIF) analysis, items 5 and 19 did not meet the statistical requirements that 
had a their values exceeded 0.05, so the items needed to be revised. The instruments used in this study 
meet the criterion for unidimensionality, demonstrating their capacity to measure what is expected. DIF 
testing based on gender demonstrates that using gender as a differentiator in this evaluation does not 
cause a bias in determining the amount of student academic resilience. However, at this point, it cannot 
be determined and requires more study to learn more about the different factors that might influence 
the evaluation of students' academic resilience levels, some of which can be attributed to ethnicity, 
parents' educational backgrounds, and so on. 

The College Academic Resilience Inventory (CARS) is a multidimensional construct based on Martin 
and Marsh (2003, 2006) 5-C model of academic resilience, which includes confidence (self-efficacy), 
coordination (planning), control, composure (low anxiety), and commitment. The multidimensional 
notion of academic resilience implies that it includes dimensions that interact distinctly for each 
undergraduate student. The Academic Resilience Scale (ARS-30) is another multidimensional construct 
measurement that provides insights into adaptive reactions, emphasizing how students navigate adversity 
in their educational journeys (Cassidy, 2016). Understanding the complex nature of academic resilience, 
as well as cultural variations, allows educators and institutions to conduct targeted interventions that 
improve students' ability to overcome difficulties and prosper in their academic endeavours. 
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CONCLUSIONS 
This report discusses findings from the development and validation of The College Academic 

Resilience Inventory (CARS) in undergraduate students. The College Academic Resilience Inventory (CARS) 
is a multidimensional construct based on Martin and Marsh (2003, 2006) 5-C model of academic 
resilience, which comprises confidence (self-efficacy), coordination (planning), control, composure (low 
anxiety), and commitment. The results indicate that the 26 items in The College Academic Resilience 
Inventory (CARS) have good validity and reliability when tested using confirmatory component analysis 
and the polytomous rash model. Thus, this test can be used to evaluate academic resilience in 
undergraduate students. However, because this study solely focuses on evaluating academic resilience in 
undergraduate students, further studies should be conducted in different countries and cultures to 
broaden the validation of the tool and generalize the findings. 
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APPENDIX 
1 (Sangat Setuju) 3 (Setuju) 
2 (Tidak Setuju) 4 (Sangat Tidak Setuju) 
  

No. Items 

1. Saya mampu mengerjakan tugas yang diberikan dosen dengan sangat baik. 
2. Saya sangat yakin terhadap kemampuan yang dimiliki untuk menyelesaikan tugas yang diberikan. 
3. Jika mendapatkan nilai buruk, saya tidak akan  merasa rendah diri. 
4. Saya selalu berusaha keras untuk mencapai  prestasi yang terbaik. 

5. Saya menciptakan hal-hal  yang baru untuk meningkatkan keberhasilan tugas. 
6. Saya memotivasi diri sendiri untuk terus berupaya melakukan yang terbak, terutama dalam situasi sulit. 
7. Saya merangkum materi pada malam hari yang akan dipelajari besok. 
8. Saya mengerjakan tugas sebelum batas waktu. 
9. Saya mampu mengembangkan materi pembelajaran yang relevan sesuai tujuan pembelajaran. 

10. Saya mengulang materi yang telah dijelaskan dosen dari sumber lain. 
11. Saya yakin bisa mengendalikan diri dalam menghadapi situasi yang sulit dalam perkuliahan. 

12. Saya yakin tugas kuliah yang dikerjakan sudah  baik. 
13. Saya yakin dosen akan puas terhadap tugas yang saya kerjakan. 
14. Saya bisa mengontrol diri meskipun sedang banyak tuntutan belajar. 
15. Saya senang belajar meskipun ada tuntutan yang mengharuskan untuk belajar. 

16. Saya tidak merasa tertekan atas banyaknya tugas yang dosen berikan. 
17.* Terkadang saya merasa gugup saat ditanya  dosen terkait materi yang sedang dibahas. 
18. Saya cemas saat presentasi di hadapan banyak orang. 

19.* Badan saya keringat dingin saat melaksanakan ujian.  
20.* Saya yakin dan mampu mengendalikan rasa  cemas pada saat dihadapkan dengan banyak tugas. 
21. Saya berusaha untuk menyelesaikan tugas  kuliah walaupun sulit. 
22. Saya terbiasa untuk menyelesaikan tugas saya sendiri tanpa bantuan orang lain. 
23. Saya terus mencari cara untuk tugas kuliah yang  tidak saya pahami sampai menemukan caranya. 

24. Saya tidak akan menyerah walaupun banyak  tantangan dalam perkulihan. 
25. Saya akan tetap semangat berangkat kuliah  walaupun dalam keadaan yang tidak baik. 

26. Saya tidak akan membiarkan diri untuk terpuruk meskipun ada banyak permasalahan di perkuliahan. 
*Reversed items 

 


