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Abstract 

Generating high-quality questions is one of the most significant things to improve learning process quality.  One of the contemporary 

methods of developing high-quality questions is the Rasch Method because of superiority for scale development. The most important 

advantage of the Rasch method is that it allows the measurement of item calibration which is independent of a person's ability. At the 

same time, it allows the measurement of a person's ability which is independent of item difficulty. In this way, instructors can criticize 

the quality of their questions, and educational institutions can update their own assessment systems for higher quality and innovative 

education. This study aims to be a guide that will meet this need of instructors based on the Rasch method. This approach makes it 

possible for well-qualified items can be used throughout the learning process to improve the student’s learning experience. Thus it is 

possible to realize the most appropriate content and test design which is necessary for personalized education.  On the other hand, it 

can analyze items psychometric properties and can improve the quality of evaluation systems for the continuous improvement system 

of future educational institutions. This study evaluated the properties of mathematics items within the test which is applied during 

term using the Rasch Model. The test was developed for use within a math course which used a modular approach based on learning 

objects. Results have been evaluated with a view to making recommendations for the improvement of the test psychometric 

properties. This approach not only enables course developers to evaluate the quality of their test in term but also provides useful 

information about their own process performance during the e-learning process and their own ability. Due to enable analyzing the 

student's ability while the e-learning process ongoing,  it is possible to correct one's deficiencies. In this study,  answers given to 20 

items, provided by 62 students of the Internet and Network Technologies distance education program at the level of the associate 

degree in the fall semester of the 2019-2020 academic year, were examined. Measurement reports, fit statistics, reliabilities were 

calculated by the Winstep package program.  
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Yenilikçi Eğitim Kurumları İçin Rasch Metodu Temelli 

Değerlendirme 

Öz 

Yüksek kaliteli sorular üretmek, öğrenme süreci kalitesini artırmak için en önemli şeylerden biridir. Yüksek kaliteli sorular 

geliştirmenin çağdaş yöntemlerinden biri, ölçek geliştirmedeki üstünlüğü nedeniyle Rasch Yöntemidir. Rasch yönteminin en önemli 

avantajı, kişinin yeteneğinden bağımsız olarak madde kalibrasyonunun ölçülmesine izin vermesidir. Aynı zamanda bir kişinin 

yeteneğinin madde zorluğundan bağımsız olarak ölçülmesini sağlar. Bu şekilde, eğitmenler sorularının kalitesini eleştirebilir ve eğitim 

kurumları daha kaliteli ve yenilikçi eğitim için kendi değerlendirme sistemlerini güncelleyebilir. Bu çalışma, öğretim elemanlarının bu 

ihtiyacını Rasch yöntemine göre karşılayacak bir rehber olmayı amaçlamaktadır. Bu yaklaşım, öğrencinin öğrenme deneyimini 

iyileştirmek için iyi nitelikli öğelerin öğrenme süreci boyunca kullanılabilmesini mümkün kılar. Böylelikle kişiselleştirilmiş eğitim 

için gerekli olan en uygun içerik ve test tasarımını gerçekleştirmek mümkündür. Öte yandan, öğelerin psikometrik özelliklerini analiz 

edebilir ve gelecekteki eğitim kurumlarının sürekli iyileştirme sistemi için değerlendirme sistemlerinin kalitesini iyileştirebilir. Bu 

çalışmada, Rasch Modeli kullanılarak dönem boyunca uygulanan matematik testi maddelerinin özellikleri değerlendirilmiştir. Test, 

öğrenme nesnelerine dayalı modüler bir yaklaşım kullanan bir matematik dersinde kullanılmak üzere geliştirilmiştir. Sonuçlar, testin 

psikometrik özelliklerinin iyileştirilmesine yönelik önerilerde bulunmak amacıyla değerlendirilmiştir. Bu yaklaşım, kurs 

geliştiricilerin testlerinin kalitesini dönem içinde değerlendirmelerini sağlamakla kalmaz, aynı zamanda e-öğrenme sürecinde kendi 

süreç performansları ve kendi yetenekleri hakkında faydalı bilgiler sağlar. E-öğrenme süreci devam ederken öğrencinin becerisinin 
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analiz edilebilmesi sayesinde eksikliklerin giderilmesi mümkündür. Bu araştırmada 2019-2020 eğitim-öğretim yılı güz yarıyılı 

içerisinde, önlisans düzeyinde 62 İnternet ve Ağ Teknolojileri uzaktan eğitim programı öğrencisinin verdiği 20 maddeye verilen 

cevaplar incelenmiştir. Ölçüm raporları, uyum istatistikleri, güvenilirlikler Winstep paket programı ile hesaplanmıştır.  

 

Anahtar Kelimeler: Rasch Model, Değerlendirme Kalitesi, Öğrenme Kalitesi, Uzaktan Eğitim kalitesi, Eğitim 4.0.   

 

 

1. Introduction 

The contemporary approach to education, Education 4.0, has an important position in today's digitalizing education system with 

the aim of maximizing the use of information, technology and internet. Countries have seen the strategic importance of contemporary 

e-learning systems during the Covid-19 pandemic. Only countries with this technological infrastructure could continue to implement 

their education curricula and thereby could improving their society, human capital. We can summarize main transformations in 

education area as follows (Dulger and Sertvuran, 2019): There have been four major transformation in education up to the present day 

as a result of the revolutions (Puncreobutr, 2016; Harkins, 2008). Education 1.0 is aimed at meeting the needs of agricultural society, 

Education 2.0 is for industrial society, Education 3.0 is for technology society and Education 4.0 is for meeting the needs of 

innovation society. Oztemel (2018) summarized the main points of change and transformation that will occur within the scope of 

Education 4.0 in his study evaluating new trends in education as follows: Independence from time and space, personalized education, 

flexible learning, blended learning, project-based learning, BYOD, time management, field information and experience, big data 

analysis, situation assessment instead of exams, collaboration with students in content development, virtual mentors, web interfaces, 

access systems and other Industry 4.0 technologies such as cloud computing, advanced robotics, bitcoin and blockchain (intelligent 

contracting, information security), autonomous devices, 3D printing (Oztemel, 2018). 

The indicators of the quality of e-learning systems is still a controversial issue. Even though educational technologies are well 

used, learning is related to the cognitive skills of the individual, and educators should be a facilitator for this process rather than 

transferring information in today's education systems. Managing this process requires monitoring the process and this can only be 

objectively interpreted by following the digital traces of the e-learning students and based on their performance from the learning test 

results. As one of the prominent names in measurement and evaluation in education systems, Dylan Wiliam says high-quality 

questions may be the most significant thing we can do to improve the quality of student learning (Wiliam, 2011). Increasing the 

quality of learning with quality questions means obtaining better learning outcomes, in other words, increasing the gain of learning 

outcomes. One of the views confirming this is expressed in the OECD report as follows: learning outcomes which is targeted by 

quality assurance are indeed the key to meaningful education (OECD, 2012). At that point, identifying and overcoming the learning 

problems on-time, are important to complete the learning process successfully and acquisition of learning outcomes. If studies on the 

assessment of learning are examined, it is seen that Assessment For Learning (AFL) has an important potential to improve learning. 

Because assessment has a very strong theoretical and experimental infrastructure not only as an evaluation of success but also in terms 

of including it in teaching process and increasing student participation (Wiliam, 2011). The study firstly aims to improve item quality 

for a better assessment system, then improve the e-learning quality through monitoring the e-learning process with quality items,  

thereby the institution quality. 

2. Material and Method 

2.1. Item Response Theory and The Rasch Method  

Item Responce Theory (IRT) is a theory based on mathematical model that reveal the relationship between individuals' abilities 

that cannot be directly observed and their responses to test items prepared to measure their abilities (İlhan, 2016). This mathematical 

model can define the examinee's ability independently from the test. The focal point is not results that reached at end of the test, like 

Classical Test Theory, the focal point is the ability level estimation of the examinee. According to this theory, the estimated ability 

level is the same even if two different tests including different questions are applied (Ozyurt et al., 2012). IRT consists of three 

different models. Single parameter logistic Model (1PL Model) known as the Rasch Model and consisting of item difficulty 

parameter, Two Parameter Logistic Model (2PL Model) consisting of item difficulty and item discrimination parameters and Three 

parameter Logistic Model (3PL model) consisting of item difficulty, item discrimination and pseudo-chance parameters (Finch 2008; 

Battisti et al, 2005).  

The Rasch Model assumes that the probability of any person to choose a category in any item is equal to the logarithm of the 

difference between the person’s ability level and the item difficulty, and this model is a mathematical relationship that takes 

advantages of interaction between people and items. One of the most important advantages of this model is that it allows the 

measurement of item calibration which is independent of a person's ability. At the same time it allows the measurement of a person's 

ability which is independent of item difficulty. This advantage enables a generalization beyond the sample and the Rasch 

measurement model has been successfully applied to testing since 1965 with large scale implementations. (Linacre 1989; Koparan and 

Guven 2014).  The model expresses the probability of the right response by the following relation (Wright, 1977) in Figure 1. 
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Figure 1. The Rasch Model Characteristic Curve 

 

 

 

 

 

 

 

 

 

 

 

ẟ𝑖  ; the difficulty of itemi 

βv ; the ability of the personv  

 

The Rasch model makes possible easier analyze with particular unit measure called logit (Wright and Stone, 1979) and through 

the instrument of logitmap, it can be interpreted item difficulty and person ability on the same map. Rasch analysis indicate the degree 

to which the analysis reliability distinguishes the level of quality among the items using the reliability statistics. The analysis also 

helps to identify, through fit statistics, any item that do not fit the model and any candidate whose scores do not appear to be 

consistent with the model (Basturk, 2008).  

One of the prominent studies related to Rasch Method in Turkish Higher Education System was carried out by R. Basturk 

(Basturk 2008). The study investigated the usefulness of the Many-Facet Rasch Model (MFRM) in evaluating the quality of 

performance related to PowerPoint presentations on science education students. The paper specifically investigated presentation 

ability in terms of item/task difficulty and rater severity/leniency. As a result, the study revealed that analysing the outcomes of peer 

assessment through MFRM techniques provided rich approaches suitable for assessing student performance in higher education. 

When we look at other prominent studies using Rasch Method in higher education, it can be said that general common point is its 

powerfulness to evaluate and improve education. The Rasch Method could provide valuable information on test reliability, item 

difficulty and examinee ability to evaluate higher education students’ performance and items’ quality. These studies have revealed the 

usefulness of The Rasch Method with its applications in their studies in different areas such as nursing, engineering, and medical 

science. Some of these studies used Extended Logistic Model of Rasch, some of them were used for the improvement of teaching 

methods. 

Waugh (1999) aimed to create a new range level scale, in its "Approaches to studying for students in higher education: A Rasch 

measurement model analysis" work. He analysed it's psychometric properties with the Extended Logistic Model of Rasch using the 

sample consisted of 369 students from an Australian university. The data were analysed initially with the whole sample for the 40 

attitude items and for the 40 behavioural items separately. Items not fitting the model were then discarded (12 attitude items and 12 

behavioural items). The analysis was repeated using the 56 valid items together and the items of each of the five subscales separately. 

This subscales were Deep Approach, Surface Approach, Strategic Approach, Lack of Direction in Studying and Academic Self-

Confidence towards Studying. Ultimately, it has been fifty-six of the 80 items formed a good scaled with satisfactory psychometric 

properties. This paper revealed that The Extended Logistic Model of Rasch was useful in creating an interval level scale of student 

attitudes and behaviours towards studying, and for analysing its psychometric properties and conceptual design.  And Rasch model 

helps to explain how behaviours are influenced by attitudes (Waugh 1999).  

Hagquist et al. (2009) used Rasch model to examine the psychometric properties of the nursing self-efficacy (NSE) scale. Data 

were collected among nursing students in Sweden. Two sets of items were analysed more thoroughly: an original set of nine items 

with eleven response categories and a revised set of seven items with seven response categories. Invariance of the item functioning 

and the categorisation of the items were analysed. Targeting was examined by comparisons of the items and persons locations. 

Differential Item Functioning across sample groups such as gender was examined using analysis of variance. The final set of seven 

items was also analysed more closely with respect to possible multidimensionality and response dependence. Consequently The Rasch 

analysis of the original set of nine items showed high reliability measured by a person separation index, but it also indicated severe 

problems with the targeting, the categorisation of the items as well as lack of invariance. Although the revised set comprising seven 

items with seven categories performed better than the original item set some items showed misfit according to formal test statistics. 

Graphical examination showed, however, that the items operated in the right direction. The formal test of local independence of the 

items indicated minor signs of multidimensionality, alternatively response dependence. This study revealed that The Rasch model is 

useful for rigorous examination and development of measurement instruments in nursing research and facilitates disclosure of lack of 

invariance and other measurement problems that may not be easily detected by traditional analyses. (Hagquist et al., 2009). 
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Ghulman and Mas'odi (2009) developed assessment model based on Rasch Measurement Model which can be used to improve 

the students' assessment method and validate the CLO (Course Learning Outcomes) of each course. At the same time this study 

provides an overview of an alternative "modern" measurement as practiced using item response theory with focus on Rasch 

measurement model. A case study in the College of Engineering, Umm al-Qura', Makkah on students (N=75) was conducted to 

measure their command of knowledge (Kn) and understanding (uN); as categorised according to Bloom's Taxonomy. The test for 

Manufacturing Process III course was administered on 3rd year students from the Department of Mechanical Engineering, Umm al_ 

Qura' University. The result from the test were tabulated and run in WinSteps, a Rasch Analysis software. Generally the students fared 

poorly below the expected performance achieving a poor mean; µperson mean of only 42.80% which is way below the 60% threshold  

limit Level of Learning Competence. This study indicates that the undergraduates encounter significant difficulties in grasping some 

fundamental engineering principles in extrusion. The study showed that SPELA as a model of measurement can provide better 

estimate of students' ability more accurately based on the CLO as compared to the traditional Cumulative Grade Point Average 

(CGPA) method of assessment using raw score  (Ghulman and Mas'odi, 2009). 

Yang et al. (2011) used the Rasch model to analyse an examination in anaesthesiology for medical students to identify examinee 

ability and appropriateness of the test content. Fifty items has been administered to 119 fifth- and sixth-year medical students in the 

exam. The Rasch model was used to perform item analysis of the examination. Misfit items or examinees were excluded first, then 

test reliability was assessed with reliability indices. After the exclusion of two misfit items and one misfit examinee, the estimated test 

reliability was only 0.63. The mean item difficulty was set at 0 by definition (SD = 2.02) and the mean examinee ability was 1.56 (SD 

= 0.71), which means that the examinees were able to correctly answer 83% of items on average. This study has been demonstrated 

that statistical item analysis with the Rasch model could provide valuable information related to test reliability, item difficulty and 

examinee ability, which could be applied to further item modification and future test development of clinical curriculums for medical 

students. In conclusion, we demonstrated that the Rasch analysis could be applied satisfactorily to item analysis of the examination in 

anaesthesiology for medical students. It has been also provided valuable information for further item modification and future test 

development in clinical curriculums (Yang et al. 2011). 

Ibrahim et al. (2012) examined physics examination paper using the Rasch model. The sample consists of 119 male and female 

pre-university students from the University of Malaya, Kuala Lumpur, who sat for the Basic Physics 3 paper in the session 2010/2011. 

Out of 119 students, 54 of them are from Physical Science Programme, and the rest of them are from the Biological Science 

Programme. For this study, the questions are classified according to Bloom’s Taxonomy and every part of each question is labelled as 

a different item. The study has been suggested that the item model gives a good fit but persons and items measurement gives a fair fit. 

The measurement has been also indicated that a number of students encounter significant difficulties in grasping some of the 

fundamental topics in physics. These findings has been provided valuable insights into the structure and functionality of the 

examination paper. The study has been showed that the instrument construct for the final examination Basic Physics 3 is reliable and 

of good quality. The measurement has been conducted also reveals the true degree of cognitive learning abilities of 119 pre-University 

or Matriculation students in University of Malaya who sat for the final examination paper Basic Physics 3 in 2010. It has been also 

gave information determining the quality of the examination paper set. The authors expressed that the information generated from this 

measurement can be used as a guidance to determine the appropriate improvement of the teaching method (Ibrahim et al., 2012).  

Researches shows that personalized e-learning system based on Item Response Theory estimates the abilities of e-learning 

students and consequently can used for the appropriate content and test design which has a significant role for personalized education 

(Chen et al., 2005).  

 

2.2. Methodology 

The methodology of the study rest upon a case study analysis of higher education two years of distance education in Turkey. The 

effectiveness of the mathematics e-course was evaluated via performance measurement of the distance education students at Sakarya 

University, Turkey. Firstly, the mathematics course was re-structured according to a modular approach and Shareble Content Objects 

and its test items because of using SCORM supported LMS of institution. Then, the performance of distance education students was 

measured. Item analysis previously has been completed with test results of Computer Programming programme (Dulger, 2012).  

In this study, test items have been analysed with Rasch model with the aim of improving the tests to measure the students’ 

learning and providing useful information to the students themselves and to those running the courses. The data consists of responses 

from Internet and Network Technologies Programme distance education students in the fall semester of the 2019-2020 academic year, 

so the data belongs to the 2019 year. 

3. Findings and Results 

3.1. Results 

 The logit scale can be seen on the left side of the figure under the Measure column. The negative logits denote easier items and 

persons of lower ability than the positive logits. The distribution of persons who took the assessment are displayed on the left side of 

the dashed vertical line and the items themselves on the right side of the line. The letter M denotes the mean person ability and mean 

item difficulty. The letter S denotes 1 standard deviation above and below the mean, and the letter T denotes two standard deviations.  
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We can see that the item difficulties appear to be well matched to the abilities of the students taking the test (in the range of ±2 

standard deviations), the means and standard deviations of both are close together. The logitmap for the scores given by 62 students 

for the 20 items is shown in the Figure 2 below.  

 

Figure 2. Logitmap for mathematic test 

The most difficult item was I12 and the easiest item was I8. But many of the questions are too easy for some of the students. For 

those students at the upper end of the ability range, there are too few questions to be able to reliably discriminate between their 

performances. Alternatively, it could be highlighting an issue that the teaching was not aligned with the needs of the students. The 

provision of the information from the Rasch analysis can be useful for course leaders and teachers who wish to examine the 

performance of their students, as well as the test developers. From a test development perspective, the test needs to contain several 

more difficult items if students’ ability is to be measured more reliably. Table 1 shows the item analysis report.  
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Table 1. Item statistics 

 

Rasch fit statistics means the fit of the items to the Rasch model. Lunz M., Wright B. and Linacre J. reported two kinds of fit 

statistics; infit and outfit. The infit statistic is the information on weighted mean-square residual difference between observed and 

expected, which focuses on the accumulation of central, inlying, deviations from expectation. The outfit statistic is the usual 

unweighted mean-square residual, which is particularly sensitive to outlying deviations from expectation. As a rule of thumb, Linacre 

suggested 0.50 as a lower-control limit and 1.50 as an upper-control limit for infit and outfit statistics. Also, some researchers 

suggested using a narrower range defined by a lower-control limit of 0.70 (or 0.75) and an upper-control limit of 1.30 (Eckes 2009).  

Even though there is a minor difference between researchers, value limits mentioned in the literature for both the infit and the 

outfit statistics are rather similar (Guler, 2014). These characteristics are important for the test development process. Questions 4, 8, 

11, 12, 13 and 19 display outfit statistics outside the acceptable values. The other outfit values and infit values are within acceptable 

limits. Hence, it can be said that there is no problem about items characteristics for test except this six questions.  

For high test reliability, it must be person sample size with a large ability range and/or a test with many items. Since participation 

in the developed tests is not compulsory, person reliability range between .65 and .75 (low stakes tests) is adequate. It can be seen in 

Table 2 which shows that person reliability is .80 and item reliability is .83. 

 

Table 2. Students’ Measurement Report 

 

As the Rasch reliability coefficient approaches to +1.00, the reliability increases as it is in the traditional interpretation of 

reliability results. Thus, we can say that item and person reliability level is enough degree for the test.  
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4. Conclusions 

The effects of the Industrial 4.0 revolution bring about the transformation of educational systems as in other fields. There is a 

need for technology-intensive restructuring of education systems in this period when everything is digitalized. It is an important 

requirement to develop an education management system that will focus on knowledge and skill-intensive competent individuals. On 

the other hand, education management systems should implement content design based on technological opportunities and blended 

with innovation culture at the same time. In this study, how to use these technologies in a beneficial way for the individual needs of 

the learner is discussed. Apart from these; for todays education systems, monitoring the e-learning process with quality items has a 

significant role for structuring the individual learning path according to the curriculum created individually, designing the course 

content in accordance with the learner specific needs and abilities, presenting the sufficient information students’ needs when they 

need. 

In this study, the mathematic performance of Sakarya University distance education students and the test items of the course were 

analyzed with the Rasch method. Rasch Method analyzes items psychometric properties and can use to improve the assessment 

quality which takes an important issue for the e-learning performance of distance education students. This study can be an example of 

the application of the Rasch model within the quality assurance system to enhance the quality of the e-learning process because of 

make possible an increase in the degree of learning outcomes acquisition. As a result of this study, the Rasch Method can be actively 

used in the evaluation of teaching and test design in higher education, and additionally, it can be used as an analysis tool in the 

development of the individual abilities of distance education students. This individual analysis has a significant factor for today's 

education systems due to the necessity of personalized education. 

When we look at other prominent studies using Rasch Method in higher education, it can be said that general common point is its 

powerfulness to evaluate and improve education. The Rasch Method could provide valuable information on test reliability, item 

difficulty and examinee ability to evaluate higher education students’ performance and items’ quality. These studies have revealed the 

usefulness of The Rasch Method with its applications in their studies in different areas such as nursing, engineering, and medical 

science. Some of these studies used Extended Logistic Model of Rasch, some of them were used for the improvement of teaching 

methods (Waugh 1999; Hagquist, Bruce, and Gustavsson 2009; Ghulman and Mas'odi 2009; Yang et al. 2011; Ibrahim et al. 2012). In 

conclusion, the application of the Rasch model in the evaluation of the assessment used to measure students’ performance offers an 

improvement to the quality assurance of the overall distance learning system. Thereby the aim was to improve the evaluation system 

quality of the institution mentioned above. 
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