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It is important to access the quality of any academic application in higher 

learning institution. Basically, users of this application are academicians who 

rely on system to perform daily activities. However, limited study has been 

conducted to investigate this matter. Constructing an item questionnaire with a 

content validity, reliability and fairness is not easy. The questionnaire was then 

distributed among the academicians who used WBISA application via online 

platform. Therefore, this study aims to reveal to develop the item of the 

questionnaire using Rasch measurement model. The questionnaire consists of 

61 items used with 9 categories of characteristics. Overall, the results have 

shown that item fits were within an acceptable range. Meanwhile, the 

Cronbach’s alpha was a good value at 0.97, with person reliability of 0.96 and 

item reliability of 0.87. The person separation was observed at a value of 5.05 

while the item separation is considered acceptable at a value of 2.54; indicating 

good measurement capability which supports its use in evaluating 

academician's using WBISA application. Finally, a well-developed of item 

questionnaires has been established. 
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Introduction 

In the era of digital education in higher learning, most of the applications have been developed 

in-house. Each of these applications has their own purpose. One example of the academic 

application is WBISA application. WBISA application is a web-based application developed 

using PHP; however, there is also other approach which could be used, such as machine 

learning (Nazurah et al., 2023).  The construction of item questionnaire is vital to evaluate the 

academic application. However, constructing an item questionnaire is a challenging process 

because each of the item questionnaires has their own purpose and is designed to measure 

specific aspects. A good assessment must involve a good instrument (Natsir et al., 2022). 

 

A Rasch model is unidimensional and adopts that the response to a specific scale item is a 

function of that item’s difficulty and its respondent’s ability (Rasch, 1961, 1960). According 

(Bond & Fox, 2015), Rasch is a measurement model capable in solving the issue of validity by 

providing useful statistics and able to perform validity. The validity and the reliability of the 

questionnaire is very crucial in maintaining the accuracy of the questionnaire (Ariffin et al., 

2010; Balapumi et al., 2015; Mark Wilson, 2005). With the Rasch model, researchers can 

assess each item's performance and its relationship to others. Biased or unreliable items are 

recognized and can be improved or removed. The Rasch model also establishes a common 

measurement scale, allowing accurate calibration of item difficulty and accurate assessment of 

individual abilities, leading to fair assessments. 

 

Several studies showed that Rasch can perform analysis greatly. (Natsir et al., 2022) used Rasch 

in testing the instrument and measuring the ability of students in junior high school 

mathematics courses, especially in Algebra material. Another researcher applied Rasch in 

developing quality model for academic application in higher learning (Mohd Suradi, 2022) 

while (Banawi et al., 2023) applied Rasch in measuring the quality of the items from the Final 

Semester Examination on the Basic Science Concepts course. Furthermore, a study conducted 

by (Bilqis et al., 2024)aimed to test the understanding of high school students concerning the 

dangers of radiation exposure from the nearby environment. 

 

This study will show how to practice Rasch analysis to create an item questionnaire and 

appraise the validity and reliability of the item questionnaire. By discussing this construction 

process, the study intends to provide other researchers with a strong understanding of how to 

create an item questionnaire that is calibrated on common logit scale, facilitating fair and 

accurate assessments across various proficiency levels. 
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Research Methodology 

 

Item Development 

This section outlines the approaches employed to produce the questionnaire. This study 

employed a quantitative approach which involved item questionnaire construction process.  

The item questionnaire consists of 61 items with 4-Likert scale. The questionnaire survey for 

this research consisted of two (2) sections: Respondent Profile and list of quality 

characteristics. The original Likert scale comprised five symmetrical and balanced points. 

However, throughout the year, the measurement range in relations options vary from two-

points to eleven-points (Taherdoost, 2019). The questionnaire used the Likert scale (“1-

Strongly Disagree”, “2-Disagree”,”3-Agree”, “4-Strongly Agree”). Figure 1 presented the item 

questionnaire used in this study. 

 

 

Figure 1: Survey Questionnaire 

 

In Figure 2 below, there are eight steps involved in developing quality characteristics and item 

questionnaire for WBISA application.  The process of identifying the characteristics of web-

based educational applications is shown as in Figure 2. 
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Figure 2: Steps In Developing Quality Characteristics 

 

The first is to study a renowned quality model and understand each characteristic for existing 

quality model. The second is to do a comparative study for five basic software quality models. 

Software engineering consists of the McCall quality model, Boehm quality model, FURP 

quality model, Dromey’s quality model and ISO 9126 quality model. The third is to list 

common quality characteristics by listing all the characteristics and sub-characteristics from 

the quality model. Fourth is to compare the list of quality characteristics in step 2 with attributes 

in the web quality model. The new list is produced by combining the two categories of quality 

models. Fifth is to choose a group of knowledgeable and experts familiar with the HLI 

application. The sixth is to ask the experts to rank each quality characteristic based on its 

importance. Seventh, the process of removing from or adding new quality characteristics to the 

list. Each quality characteristics is attached with the set of item questionnaire with the related 

definition. Finally, a list of quality characteristics and sub-quality factors is produced. The 

detail process has been discussed by (Mohd Suradi et al., 2018).  

 

The success of questionnaire development not only depends on the correct grammar and 

content but also the question to be asked to ensure the respondents are willing to answer the 

questionnaire correctly (Zikmund et al., 2013). The process in developing the questionnaire 

involves seven processes as depicted in the Figure 3. 
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Figure 3: Steps in Questionnaire Development 

 

Participant Selection 

The sampling technique is a method where the data is collected from all cases in the population. 

The participant is selected using clustering sampling based on the category of higher learning 

institution. (Singh, P. et al., 2015)  described that cluster sampling refers to a situation where 

the selected groups have similar characteristics and are chosen randomly. Participant is from 

academicians who used WBISA application. To avoid responses that are not biased, the survey 

questionnaires were distributed in the Public Institution implementing WBISA application. 

Phone calls, emails, social media platforms such as Facebook and face-to-face interactions 

were used in distributing the questionnaire. (Taherdoost, 2017) stated that in most social and 

management surveys, the response rate for e-mailed surveys is hardly 100%. 

 

Results 

The test results obtained are in the form of scores that was analyzed using Winsteps Rasch 

software (Linacre, 2009) which aims to determine fit and misfit items.  The results from the 55 

respondents (extreme and non-extreme) were tabulated and analysed. The summary statistic 

report with an extreme person (N=55) showed that only one person gave an extreme response. 

The extreme person agreed with all the items. The Cronbach’s alpha was at 0.97, indicating 

good internal consistency reliability for familiarity using web-based academic applications and 

the characteristics of the application. The person reliability did not have a difference between 
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person reliability before the data was cleaned. The person reliability was 0.96 and the person 

separation index contributed a fair separation of 5.05 logit as can be referred to in Table 1. The 

person separation index indicates how effectively a set of items can distinguish between 

individuals being measured. In this study, the results show five distinct levels of person 

separation in their responses to the items. 

 

According (Banawi et al., 2022; Bilqis et al., 2024), the criteria in determining the value of 

Item Reliability and Person Reliability in the Rasch model are based on the subsequent criteria 

as below: 

a. > 0.94: EXCELLENT 

b. 0.91 – 0.94: VERY GOOD 

c. 0.81 – 0.90 : GOOD 

d. 0.67 – 0.80 : FAIR 

e. < 0.67: POOR 

 

Table 1: Person Summary Statistic Before and After Data was Cleaned 

 
 

Table 2: Item Summary Statistic Before and After Data was Cleaned 

 
 

The values of INFIT and OUTFIT mean squares of the response category are reported as shown 

in Figure 4. According to (J. M. Linacre, 1994), INFIT and OUTFIT mean square ranging from 

0.6 to 1.4 are considered productive for rating scale measurement. Here, the reported mean 

square values (Infit MNSQ) for Category 2 were the lowest = 0.90; while (Outfit MNSQ) for 
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Category 4 was the highest = 1.07. This demonstrates that the academician’s use of this 

category is productive for measurement. 

 

The structure calibration: s was assessed by the rating classification used is true where s-value 

being the separation among each structure category label. 

 

s 2-3 = -0.63-(-2.39) = 1.76 This value is Ok, meaning that it is acceptable.  

s 3-4 = 3.02-(-0.63) = 3.83 This value is Ok, meaning that it is acceptable. 

 

Each response category was calibrated within -2.39, -0.63 and +3.02 logit. The trend of the 

responses can be viewed from the observed average (OBSVD AVRGE) in Figure 4. The values 

that are normally recommended are a minimum of 1.4 logits  (J. M. Linacre, 1994). Figure 2 

shows that the order of increment ‘Observed Average’ was ascending from negative (-0.96 

logit) to positive (2.86 logit) value. The calibration of all scales could be seen starting from 

scales 1, 2, 3 and 4. 

 

 
Figure 4: Summary of Category Structure 

 

Figure 5 demonstrates how the rating scale was applied in the instrument in concurrence with 

the model expectations. (Linacre & Wright, 1994) stated that the recommended value for the 

step calibration structure is a minimum of 1.4 logits. The rating scale was collapsed using the 

scale (1234). This illustrates that the rating scale is functioning as intended. The value of 

structure calibration shows the difference between each threshold. 
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Figure 5: Rating Scale After Cleaning The Data 

 

Another analysis was conducted using Category Probability Curves (CPC) to look at the 

endorsement of the items and responses. Figure 6 demonstrates the category probability curve 

of Item 1 (Ua) where all the categories function as intended. At this time, in each of the 

response categories on the Likert scale, there was a region of person locations where that 

category is the most likely category to be chosen. In these curves, the categories were shown 

in red, blue, pink and dark grey colour for a Likert scale of 4 levels. The category thresholds 

occurred in numerical order along the x-axis in the case where an item in which categories 

function as expected. 

 
Figure 6: Category Probability Curves (CPC) 

 

To investigate in detail, the largest standardised residual correlation must be identified. Table 

3 illustrates the largest Standardised Residual Correlation in identifying dependent items. 

Based on the value correlation, there was no item with a correlation value of more than 0.70. 

Items that have a correlation value of more than 0.70 was considered confusing or redundant. 
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Table 3: Largest Standardised Residual Correlation Used to Identify Dependent 

Item 

 

 

Figure 7 depicts that the raw variance explained by measures was 41.9 per cent, which 

increased by 7.6 per cent.  According to (Fisher, 2007), the value of unexplained variance in 

1st contrast between the range of 10 - 15% is considered good. Here, the result for unexplained 

variance in 1st contrast was 7.7 (8.30%). The situation occurred because there were noise items 

in the questionnaire. The noise item can be referred to as the same meaning or duplicate 

question in the survey. Before the data were cleaned, the value was 34.3 per cent. Next, the 

existence of item dependency showed that there was item dependence that caused noise items. 

The value was 6.8 per cent, which was considered good. 

 

 
Figure 7: Standard Residual After Cleaning The Data 

 

In conclusion, Unidimensionality was assessed for each of the four subscales. In addition, the 

quality of the 4-point Likert-type rating scale was assessed by analysing the step calibrations, 

category fit statistics and category probability curves. In considering all quality indicators 

simultaneously, it appeared that all four categories were adequately used. 
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Conclusion 

This study aims to construct an item questionnaire by using Rasch measurement model by 

testing the validity and reliability. All 49 item questionnaires have been accepted and validated 

by Rasch analysis as they meet the criteria (Wahyuningsih, 2020). Rasch is able to analyse and 

evaluate the item questionnaire by checking the person and item misfit, category capability 

curve (CPC) and also item calibration. The set of questionnaires produced in this research could 

be used to conduct other similar research in this domain; however, new questionnaires may be 

added to suit the research conducted. 
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