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Abstract  

Measurement invariance (MI) refers to the degree to which a measurement instrument or scale 

produces consistent results across different groups or populations. It basically shows whether the 

same construct is measured in the same way across different groups, such as different cultures, 

genders, or age groups. If MI is established, it means that scores on the test can be compared 

meaningfully across different groups. To establish MI mostly confirmatory factor analysis 

methods are used. In this study, we aim to examine MI using the Rasch model. The responses of 

211 EFL learners to the listening section of the IETLS were examined for MI across gender and 

randomly selected subsamples. The item difficulty measures were compared graphically using the 

Rasch model. Findings showed that except for a few items, the IELTS listening items exhibit MI. 

Therefore, score comparisons across gender and other unknown subgroups are valid with the 

IELTS listening scores. 
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1. Introduction 

Measurement invariance (MI) is important for ensuring that comparisons between groups 

are valid and reliable. If a measurement instrument does not exhibit measurement invariance, it 

may be biased and produce inaccurate results when used with different groups. Measurement 

invariance within item response theory refers to the extent to which the measurement properties of 

a test or scale remain consistent across different groups or populations. Specifically, it refers to the 

degree to which the same underlying construct is being measured in the same way across different 

groups, such as different cultural or linguistic groups, gender, age, or educational levels (Bond et 

al., 2020). 
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Within the Rasch measurement (Rasch, 1960/1980) methodology, MI refers to the property that 

the relationship between an individual's ability level and their response to an item is consistent 

across different groups or conditions. Specifically, it means that the Rasch model parameters (item 

difficulty and person ability) are equivalent across groups, indicating that the items are measuring 

the same construct in each group and that differences in item responses can be attributed to 

differences in ability levels rather than group membership. This is important for ensuring that 

scores obtained from a test or questionnaire are comparable across different populations or 

contexts. 

Measurement invariance is essential because it allows researchers to make meaningful 

comparisons between groups and ensure that differences observed between groups are not due to 

measurement bias. In order to establish measurement invariance, researchers typically use 

statistical techniques such as confirmatory factor analysis (CFA) and differential item functioning 

(DIF) analysis to test whether the items on a test function similarly across different groups.  

MI is also directly related to Rasch’s specific objectivity (Rasch, 1977). Specific objectivity refers 

to the property of the Rasch model that ensures that the estimates of items and person parameters 

are independent of the particular sample of items or persons used in the analysis. This means that 

if two different samples of items or persons are analyzed using the Rasch model, the resulting 

estimates of item and person parameters will be equivalent, as long as the samples are measuring 

the same construct. This property is important because it allows for comparisons across different 

samples and ensures that results are not biased by specific characteristics of a particular sample 

(Baghaei & Doebler, 2019; Baghaei et al., 2019). 

Invariance is also related to unidimensionality principle which is one of the core 

assumptions of all item response theory models including the Rasch model (Baghaei, 2021). 

Unidimensionality means that the test must measure a single latent trait. Examining 

unidimensionality is important in Rasch measurement because it ensures that the items in a test or 

questionnaire are measuring only one construct or trait. If the items are measuring multiple 

constructs, then the results of the analysis may be inaccurate and unreliable. Unidimensionality is 

also important for ensuring that the test or questionnaire is valid and can accurately measure what 

it intends to measure. By examining unidimensionality, researchers can identify problematic items 

and remove them from the analysis, leading to a more accurate and reliable measurement of the 

construct being studied. 

The principle of measurement invariance is the basis of some of the most fundamental 

approaches for checking the overall fit of the Rasch model including Andersen’s likelihood ratio 

test (Andersen, 1973) and Martin-Löf’s test (Martin-Löf, 1973). Baghaei et al. (2017) also 

developed a descriptive fit statistic based on the invariance of the measures.  

Following Baghaei (2010) and Ravand and Firoozi (2016), the current study aimed to examine 

the invariance of item and person measures in the IELTS listening section. Graphical methods 

were employed to check if the IELTS listening items remain invariant across subsamples and if 
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the test is unidimensional. Graphical methods provide very informative means to evaluate item 

quality (Dhyaaldian et al., 2023; Effatpanah & Baghaei, 2022/2023; Yessimov et al., 2023).   

 

2. Method 

2.1. Instrument  

The listening comprehension section of a retired version of the IELTS (International 

English Language Testing System) was employed for the purposes of this study. The test contained 

40 binary items in four different formats of multiple-choice, gap-filing, table completion, and map 

completion. The first 20 items of the test were used for the sake of this demonstration.    

 

2.2. Participants 

The test was administrated to 211 undergraduate students of English as a foreign language 

at Al-Noor University College, Nineveh, Iraq. Participants (127 female and 84 male) aged from 

19 to 38 (M=22.56, SD=3.97), and the test was administered as an approximate predictor of their 

IELTS band score.  Participation in the test was voluntary and test takers gave written consent to 

be tested. Participants were provided with diagnostic feedback and their IELTS band score in 

return for their cooperation. 

  

3. Analyses and Results  

3.1. Item Measure and Fit 

The 20 dichotomously scored listening items were analyzed with the unidimensional Rasch 

Model (Rasch, 1960/1980). Winsteps Rasch computer program (Linacre, 2023) was used to 

estimate the model. Table 1 shows the fit statistics and item difficulty parameters. As Table 1 

shows, all the items have acceptable infit and outfit mean square values. The acceptable range was 

set from .70 to 1.30 (Wright & Linacre, 1994). Furthermore, the point-measure correlations are all 

positive and high.  

 

Table 1. 

Item Measure and Fit Values 

Item Measure SE Infit MNSQ Outfit MNSQ Point-Measure  

Cor. 

  1 -2.86 .25 1.06   .77 .45 

  2 -2.74 .25   .78   .51 .55 

  3 -2.20 .22 1.16 1.21 .43 

  4 -1.80 .20 1.08 1.02 .49 

  5 -1.89 .21 1.01   .78 .53 

  6 -1.41 .19   .83   .78 .61 

  7 -1.16 .19   .96   .87 .57 

  8   -.93 .18 1.01   .91 .56 

  9    .15 .17   .98   .96 .57 
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10  0.00 .17 1.01 1.12 .55 

11   -.15 .17   .98   .84 .58 

12   -.09 .17 1.09 1.15 .52 

13    .69 .18   .98 1.00 .55 

14  1.27 .18 1.10 1.59 .45 

15  1.27 .18   .94   .79 .55 

16  1.70 .19 1.06   .99 .47 

17  1.59 .19 1.00 1.20 .49 

18  2.24 .21   .96   .91 .46 

19  2.69   .24   .88   .60 .48 

20  3.64 .31 1.10 3.38 .28 

  

3.2.Invariance across Sex 

The invariance of the item parameters across sexes was evaluated graphically. The sample 

was divided into two partitions based on sex, i.e., female and male. The item parameters were 

separately estimated in these two subsample of the data and then they were brought onto the same 

scale. The item parameters from the two subsections were cross plotted against each other and 

95% quality control lines based on the joint standard errors of the parameters were drawn (Wright 

& Stone, 1979). Figure 1 shows the cross plot of the item parameters. As can be seen in the figure, 

all the items, except Items 9 and 12, fall within the 95% quality control lines. This is an indication 

that these two items do not function similarly across males and females. 

  

Figure 1. 

Cross Plot of Items across Sex 
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3.3. Invariance across Random Partitioning  

In the next step, the sample was divided into subsets randomly and the item parameters 

were estimated separately and were brought onto the scale. Figure 2 shows the cross plot of the 

item parameters. As Figure 2 shows, all the items are behaving as expected and fall within the 95% 

confidence quality control lines. Only Item 5 looks to be a bit on the border but it is not a cause 

for concern.  

 

Figure 2. 

Cross Plot of Items across Random Subsamples 

 

 
 

3.4. Invariance of Person Parameters across Subsets of Items 

In the final stage, the items were divided into two subsets. The first 10 items made up 

Subset 1 and the second 10 items made up Subset 2. Examinees’ ability parameters were estimated 

on the basis of these two subsets separately and then were brought onto the same scale using a 

shift constant. The item parameters from the two subsets were cross plotted against each other. 

The 95% quality control lines were constructed to indicate the degree to which the pairs of person 

estimates are allowed to diverge from each other. Figure 3 shows the outcome. As the figure shows, 

almost all the person parameters fall within the 95% quality control lines. Only a few persons fall 

outside the lines. According to Wright and Stone (1979), if 95% of the estimates are within the 

lines, the measurement has been invariant.  
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Figure 3. 

Cross Plot of Persons across Subsets of Items  

  
4. Discussion and Conclusion 

Constant item difficulty estimates (measurement error should be considered) across 

subsamples of the data is an indication that the construct is constant for the two subsamples. Non-

invariant item parameters across subsamples are a sign that the construct changes across the 

subsamples. If this occurs, it means that the test does not function similarly for the two groups and 

it is not clear what the test measures. Such a test does not allow comparison of all the examinees 

on the same scale. According to Wright et al. (2000), if item difficulty does not remain constant 

across relevant subsets of the sample, the difficulty would not have a practical meaning.   

One basic assumption of the Rasch model that should be tested empirically is the item-free person 

measurement and the person-free item calibration. If the Rasch model fits, item and person 

parameters should remain stable across subsets of the sample and items. This is a method of 

checking the overall fit of the Rasch model and unidimensionality (Baghaei, 2010; Kubinger, 

2005). 

In this study, 20 listening comprehension items of the IELTS were tested for invariance 

across sex and a random partitioning. Graphical displays showed that while the items remained 

invariant across random subsets, two items were non-invariant across sex. This is an indication of 

gender differential item functioning (DIF) and requires examination of the item contents to find 

out the reason. The corollary of the procedure above was replicated for the items. The items were 

divided into two subsets and person parameters were compared across the two subsets. The 

graphical displays showed that more than 95% of the examinees had constant ability parameters 

(considering measurement error) across the two subsets of the items. This is interpreted as the 

unidimensionality of the test and the overall fit of the Rasch model to the data. This is also an 
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empirical check of the item-free person measurement of the Rasch model. The final conclusion of 

the current study is that the listening module of the IELTS is unidimensional, fits the Rasch 

measurement model, and allows the construction of non-invariant linear measures with a stable 

unit (Bond, 2003).   
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