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Abstract 

In this paper we argue for the adoption of a Rasch model-based approach for the measuring of 

presence (defined as the illusion of non-mediation) in immersive technologies. While 

conventional measures of presence have not changed much over the last two decades, immersive 

technologies like virtual reality(VR) and augmented reality(AR) certainly have. In the case of 

AR, the concept of presence differs so severely from other forms of immersive media, it can no 

longer be adequately measured by conventional methods. This causes studies on presence in AR 

to often be inconclusive, and complicates comparing presence between AR and other types of 

immersive media. Initially proposed by Haans and IJsselsteijn in 2018 for measuring presence in 

VR, the Rasch model offers an alternative approach to measuring presence, allowing for a more 

detailed and flexible measurement of presence compared to conventional measures. While the 

experiment described was not performed due to Covid-19 related restrictions, an alternative 

dataset was used to illustrate the advantages of the Rasch model in a more abstract manner. 

Analysis of the Rasch model itself suggested it can indeed be used to compare different types of 

immersive media, mainly due to the fact the measurements are determined based on the 

experiment itself, allowing for more flexibility. Further analysis of the advantages of a Rasch 

model-based approach suggested only a lack of time or expertise could justify choosing a 

conventional method over a Rasch model-based approach. 

Keywords: Presence; Immersive media; Virtual Reality; Augmented Reality; Rasch 

Model  
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Introduction 

Humanity has always had a need to alter their surroundings to suit their needs and wants. From 

primitive structures that were built in the early stone age (Scoon, 2018; Soto et al., 2020), to the 

skyscrapers that define the skyline of today's largest cities. One common factor in this creative 

process is a need to plan for what we want to create. For anyone wishing to create, they first 

require a conceptualization, some for virtual representation to discuss, alter and improve a 

concept. Such representations range from sketching a quick diagram in the sand, to etching stone 

tablets, to sketches and calculations on paper, to Computer Aided Design (CAD), which today is 

the standard for anything new being built. It offers a way to create a virtual prototype for a 

fraction of the time and cost a real prototype would take, if even possible. However, something 

virtual, by definition, is not real (Collins English dictionary, 2014). Virtual and real are 

antonyms, mutually exclusive, opposite sides on a spectrum (Milgram, Takemura, Utsumi & 

Kishino, 1995). Due to the advances in technology in recent years though, we now have the 

ability to combine the real with the virtual, and create a virtual reality. Although already 

impressive, virtual reality and many other immersive technologies are still in their infancy, and 

more research is required to determine what blend of real and virtual is optimal for each 

application. In some cases, a less invasive variation of virtual reality, like augmented reality 

might be more suited. A problem arises however, in determining which technology would be 

more suited which each task, as traditional tests become less and less applicable to the 

ever-divergent field of immersive technology. 
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Virtual Reality 

 

Virtual Reality (VR) has been realized in many shapes, ways and forms over the past half 

century (Sutherland, 1968), but the last decade has seen the term solidify into the Zeitgeist as a 

Head-Mounted Display (HMD) combined with handheld controllers. HMDs allow the user to 

physically interact with a virtual world in an intuitive, non-abstract manner. An HMD typically 

offers a wide-field-of-view stereoscopic rendering of a virtual environment that entirely 

encompasses the user, and isolates them from their current real-world environment. 

Head-tracking provides near-seamless visual feedback with six degrees of freedom, increasing a 

sense of presence in virtual worlds (Ling, Nefs, Morina, Heynderickx & Brinkman, 2014). 

Together with handheld controllers that support high levels of both agency and ownership of the 

virtual avatar (Tieri, Tidoni, Pavone & Aglioti, 2015), VR provides a highly faithful method of 

interaction with a virtual world. It, in theory, allows you to stand on Mars without the need to 

build a rocket and fly to another planet first.  

Augmented Reality 

 

Another form of immersive technology, Augmented Reality (AR), also creates a virtual world, 

but instead of transporting the user into this virtual world, it transports the virtual world into the 

user's physical space. While some exceptions like Google Glass or the Microsoft Hololens exist, 

AR hardware usually uses a camera feed and renders virtual objects on top of it. An advantage of 

this method compared to virtual reality, is that not an entire virtual world is needed, but only the 
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objects of interest. This significantly lowers both development needs and hardware requirements. 

Another advantage is that interaction with the real world remains possible, including social 

interactions. 

Presence 

 

While AR and VR generate their respective experiences from opposite starting points, AR 

transporting a digital world to the user whereas VR transports the user into a digital world, both 

have a similar broader goal. Both AR and VR use immersive media technology to create a 

mediated alternative to reality. One of the most important factors in these immersive media 

experiences is often referred to as feeling a sense of presence, although exact definitions and uses 

of the term presence vary quite a bit (Schuemie, Van Der Straaten, Krijn & Van Der Mast, 

2001). In recent years, the topic of presence has become so broad that entire books (e.g., 

Lombard, Biocca, Freeman, IJsselsteijn, & Schaevitz, 2015) are being dedicated to defining the 

exact subcategorizations and measurement methods, as can be seen in Figure 1. 
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Figure 1: Example of a subdivision of different presence definitions from Lombard et al. (2015). 

Even though this figure offers a clear overview of the different types of presence, it becomes 

difficult to apply to augmented reality, due to using the definition of “being there”. 

Defining presence 

 

While the classification of presence into multiple sub-categories in the figure above is just one of 

many different classification systems, it illustrates how complex the concept of presence has 

become. This problem is compounded by the fact that many papers just use the general term 

presence, causing confusion and possibly misuse among researchers unfamiliar with the 

complexity of the concept. In turn, the inconsistent use of the term presence exacerbates the 

confusion around the term. Examples of this can be found in literature fleetingly referencing 

presence, but with a focus on a different field, such as marketing (Jung & tom Dieck, 2018). 

Another issue, although common in many academic fields, is the fact researchers disagree on the 

best or most accurate description of presence, each using their own in parallel, yet again creating 
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unnecessary complexity (Lombard & Jones, 2015). A common factor however is most 

definitions revolve around users having a sense of “being there” (Heeter, 1992), or a focus on 

transporting the user. This is likely because the term presence was first coined as telepresence by 

Marvin Minsky (1980). And while “being there” is a fitting description for telepresence, even for 

today's VR systems, the term presence has become so board over the years (see Figure 1) that 

“being there” is no longer an all-encompassing definition for presence, as newer technologies 

like AR do not transport the user. And while AR is currently less well-known and not as 

profitable as VR, AR use and revenue are expected to overtake virtual reality within a few years 

(Wiederhold, 2017). A quote in an article on emarketer.com illustrates the underlying thoughts of 

why this is the case well: 

“In terms of use and scale, AR is going to bypass VR exponentially because we 

won't think of AR as a channel. VR isn't necessarily a core experience in our 

daily lives, but AR has the potential to become core to everything we're doing. 

Where VR looks like a subset of the games market, AR’s long-term dynamics 

could be more like mobile” 

 Petrock, p.2 (2018). 

With this expected exponential increase in the use of AR, the need for accurate measurements of 

core concepts will increase alongside it. Presence is one of, if not the most important concept in 

immersive media. While the use of presence, be it as a measure of quality, fun, effectiveness or 

any other purpose differs from paper to paper, the use of the term is so ubiquitous in all 

immersive media research, it is almost guaranteed to be so for AR as well. And once AR catches 

up to VR, many will want to directly compare the two. However, to the best of our knowledge, 
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no established methods of comparing presence between AR and VR currently exist. For that 

reason, this paper will look at a newly proposed method by Haans and IJsselsteijn (2018), and 

present an argument for why it is likely the best option to measure presence between different 

forms of immersive media, such as AR and VR.  

 

While the focus of this paper is measuring presence, measurements are useless if there is 

uncertainty about what is being measured. That is why any paper with intent to measure presence 

should state clearly the definition of presence it adheres to. For this paper, since its focus is 

cross-media measurement of presence, the definition provided bij Haans and IJsselsteijn (2018) 

was chosen. This definition, “the illusion of non-mediation” is a slight deviation from that of 

Lombard & Ditton (1997). They define presence as “the perceptual illusion of non-mediation”, 

dropping the focus on the perceptual. Haans and IJsselsteijn give the following reasoning: 

“In contrast to Lombard and Ditton (1997), who defined presence as the perceptual 

illusion of non-mediation, we choose not to include the term perceptual. It is not only 

our perceptual apparatus that is susceptible to the illusion of mediation—other systems 

too can be fooled by media technology. These include our visceral and cognitive 

systems as well as those systems responsible for the more automatic behavioral 

responses to the environment. For example, when looking down into a virtual pit, most 

people will experience, not just a perception of depth, but a visceral reaction as well 

(e.g., Meehan, Razzaque, Insko, Whitton, & Brooks, 2005). Cognitive responses, such 

as not challenging the reality of the simulated environment, may occur when media 

technologies become more advanced, as, for example, in the Star Trek: Next 
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Generation episode “Ship in a Bottle”. In other words, we must consider all systems of 

the organism as being potentially fooled into treating the virtual environment as if it 

were real (Haans, 2014; also Slater et al., 2009). “ 

Haans and IJsselsteijn, p. 5 (2018) 

 

My only issue with this definition, is that Haans and IJsselsteijn intend to expand on the idea of 

Lombard and Ditton, but do so by removing part of the definition. While this has the desired 

effect if one has read their reasoning, it is unclear by reading their definition alone. A better 

approach would be to extend the definition of presence not just in meaning, but also in words. 

Seemingly, the reason for changing the definition was the inclusion of subconscious reactions to 

stimuli, thus a better wording of the definition of Haans and IJsselsteijn would be: “The 

conscious and unconscious perceptual illusion of non-mediation”.  

Incompatibility 

 

Nevertheless, despite the possibility for more accurate wording, the definition of Haans and 

IJsselsteijn is very well suited for cross-media measurement of presence, because of the focus on 

mediation. Many definitions instead focus on transporting the user, like that of Witmer and 

Singer (1998), who define presence as “the subjective experience of being in one place or 

environment, even when one is physically situated in another”. The resulting presence 

questionnaire, and subsequent questionnaires that were based on the Witmer and Singer presence 

questionnaire, like the Igroup Presence Questionnaire (Schubert, Friedmann & Regenbrecht, 
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2001) and ITC Sense of Presence Inventory (Lessiter, Freeman, Keogh & Davidoff, 2001) 

assume the user is transported in some way. This creates a fundamental misalignment with the 

concept of augmented reality, of which the most distinguishing feature is leaving the user in their 

original physical space and augmenting that space. This misalignment between AR and presence 

is avoided by focusing on mediation instead of transportation, and thus the definition of Lombard 

and Ditton (1997) and later Haans and IJsselsteijn (2018) is more suitable for presence research 

regarding AR. 

Rasch model 

 

In the same paper, Haans and IJsselsteijn use this definition of presence to propose a new method 

for quantifying presence. They propose utilizing a Rasch-model (Rasch et al., 1960) to create a 

uni-dimensional scale using self-reports and behavioral observations, and describe it as follows: 

N θ  L ( P x =1( nij )
1−P x =1( nij )) =  n − λ( j + δi)  

“In this model, the natural logarithm of the odds that person n shows or endorses a 

certain indicator i in virtual environment j is governed by three factors: n's propensity 

to experience presence (θn), the specific constraints imposed by the characteristics of 

virtual environment j (λj) and the difficulty of the specific item or indicator i (δi). All 

parameters in this equation are estimated by means of maximum-likelihood estimation, 

and are expressed in log odd units (also called logits; for a similar example in a 

different domain, see Haans et al., 2012).” 

Haans and IJsselsteijn, p.9 (2018) 
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While the model and its explanation in the quote above might seem complex and abstract, the 

underlying idea is simple. The more presence a subject experiences, the more likely they are to 

exhibit a presence indicator. In turn, this means indicators that are exhibited by fewer subjects 

require a relatively high amount of presence, compared to indicators that are exhibited by more 

subjects. This percentage is then translated to a difficulty score in logits by the Rasch model. The 

indicators for an experiment are chosen by the experimenter beforehand. These can be either 

subjective, such as self-reports in a questionnaire after the experiment, or objective, by recording 

and analysing behavior exhibited during the experiment, like a subject avoiding collision with a 

virtual object. Both subjective and objective measurements have advantages and disadvantages, 

and there are many measures for each (Baren & IJsselsteijn, 2004; Insko,  2003). Of course it is 

possible to use a subjective and objective measure in parallel, but by using a Rasch model, it 

becomes possible to combine subjective and objective measures into a uni-dimensional presence 

scale.  

Advantages over traditional questionnaires 

 

The advantage of being able to select presence indicators in cross-media presence experiments if 

twofold. First, it allows researchers to select indicators relevant to both media, instead of fitting 

just one. This is especially relevant when measuring presence in AR since it does not fit well 

with some definitions of presence. Second, selecting different indicators does not change the 

principle on which a Rasch model calculates presence, and thus the result remains valid. 

Changing or adapting questions in traditional presence questionnaires would impact the internal 
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validity of the questionnaire, since it effectively becomes a new questionnaire. However, even 

when left unaltered, the validity of these presence questionnaires has been put into question 

when used to distinguish between different media. One study tested two presence questionnaires 

to see if these could even distinguish between a virtual and a real environment (Usoh, Catena, 

Arman & Slater, 2000). The first questionnaire found no difference at all and the other showed 

only a marginal difference. This severely hurts the validity of any comparison of presence 

between different media. If a presence questionnaire cannot distinguish between a virtual 

environment and a real one, there is little hope it can do so between a fully and partially virtual 

environment in the case of VR versus AR. 

Hypothesis 

 

Although not the intended purpose of the authors, the Rasch model-based approach by Haans & 

IJsselsteijn (2018), together with their adaptation of the definition of presence by Lombard & 

Ditton (1997) seems promising as a method of comparing presence between media. Where most 

established presence measures are based on factor-analytical approaches where self-reports, 

behaviour and physiological measures are merely correlated with presence as a whole, single 

items in these measures on their own do not measure the concept of presence itself. Only the 

aggregate of these questions can be interpreted as a measure of presence. While a Rasch model 

also uses an aggregate of difficulty scores to assign a presence score to a participant, the 

individual items all have individual scores of the same unit (difficulty measured in logits). So 

instead of just being correlated with presence in some general sense, they receive a weighted 

value of exactly how correlated they are with presence, in the specific setup of the experiment. 
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While the above already makes the Rasch model an attractive alternative to consider for 

measuring presence, it gains an additional advantage when comparing different types of 

immersive media to each other. When comparing presence in different immersive media, 

especially when one of those is AR, some questions only make sense in one of the two 

conditions, weakening the validity of the questionnaire. So whereas previous research on 

presence based on questionnaires struggled to differentiate between AR and VR (Juan, & Pérez 

,2010) due to the limitations of measurement methods, this study aims to identify and highlight 

the advantages of measuring presence using a Rasch model to remedy this problem. By repeating 

the experiment of Haans & IJsselsteijn (2018) as the VR condition, and recreating the same 

simulation in AR, a direct comparison will be possible. This has lead to the following research 

question: 

RQ: “To what extent can presence measurements based on self-reports and behavioral 

observations using a Rasch model identify differences in presence between Augmented and 

Virtual Reality”  

Rasch models have already proven to be more informative and elaborate when compared to 

classical test theory in other fields (Petrillo, Cano, McLeod & Coon, 2015; Prieto, Alonso & 

Lamarca, 2003). Combined with the fact Rasch items each get a presence score, this has lead us 

to our first hypothesis: 

H1: “The structure of the Rasch model allows for more in-depth analysis of presence than 

conventional presence questionnaires.” 

Second, because the Rasch model allows for a custom set of items, it allows the researcher to 

adjust it to the immersive media of their choice, leading to our second hypothesis: 



16 

H2: “By using a Rasch model-based approach, differences across different media can be 

accounted for, leading to a measurement tool that fits both conditions of the experiment equally 

well” 

While we test these two hypotheses in an experiment of AR versus VR, this is not explicitly 

stated in the hypotheses, as we argue for the use of Rasch models as a measure of presence in 

general. We believe the advantages it offers also hold up when using only one type of immersive 

media, or less divergent types such as handheld- vs headset-based AR. 
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Method 

Participants 

Disclaimer: Due to the outbreak of Covid-19 during spring 2020, this paper uses data previously gathered for the 

experiment done by Haans and IJsselsteijn(2018) as to prevent delays in the graduation process. The experiment 

described in this method section was not conducted, however it fully describes the experiment, and is ready to be 

fully executed once university facilities become available again. 

 

Fifty participants in total (26 female and 24 male) participated in this experiment. Most 

participants were between 17 to 27 years old, except two aged 55 and 62 (M = 22.36, SD = 7.80). 

Most participants (90%) were students studying at the Eindhoven University of Technology, 

Eindhoven, the Netherlands. All participants were recruited from the J.F. Schouten database of 

Eindhoven University of Technology, Eindhoven, The Netherlands. Each received € 5,- euro as 

compensation for participating. 

Design 

 
The experiment consisted of two within-participant conditions (AR versus VR), where presence 

was measured as the dependent variable. In the AR condition, participants could freely navigate 

through the laboratory environment, with an augmented trapdoor rendered onto the floor or the 

laboratory. In the VR condition, a virtual replica was created of the laboratory environment, 

again with a virtual trapdoor rendered onto the floor of the laboratory. The order of the AR and 

VR condition was counterbalanced between participants. Each condition took thirty minutes to 

complete, and was followed by the questionnaire. 
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Materials 

 

Both the VR and AR condition were provided by using a HTC Vive headset. In the AR 

condition, the front-facing camera of the HTC Vive was used to get a video feed of the user's real 

environment. All movement was tracked using the Lighthouse tracking system of the HTC Vive. 

 

For the VR condition, the laboratory environment was modelled in Blender 3D to create a 

faithful virtual replica of the laboratory environment. This replica was then imported as a scene 

into Unity, and a trap door was rendered onto the floor.  

 

For the AR condition, the same trap door was rendered in real-time on the floor of the laboratory, 

using motion-tracking features provided by Google ARCore. A tracking image was placed on the 

floor to determine the location of the virtual trap door. To prevent occlusion of the tracking 

image, footsteps were rendered on the trapdoor as a guide to ensure participants would not 

occlude the tracking image. The printout of the tracking image can be seen in figure 2. 

 

Figure 2: Tracking image with footsteps used in the AR condition 
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In both experiments, the virtual pit can be opened and closed by pressing a button on the 

controller of the HTC Vive. A sound effect for opening and closing was added, as the addition of 

sound is known to increase levels of presence (Storms & Zyda, 2000). 

 

The entire experiment room was recorded in both conditions with a high-definition camera to 

ensure correct observation of behavioral measures. 

 

Figure 3: Example of both the VR and AR condition with the trap door 
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Measures 

 

The two forms of measurement used were the Rasch-based measurement method proposed by 

Haans and IJsselsteijn (2018), with the indicators adapted to fit the specifics of the current 

experiment (see table 1), and the iGroup Presence Questionnaire (Schubert, Friedmann, & 

Regenbrecht, 2001). Participants were also asked to rate their fear of heights, and experience 

with VR-like experiences (including AR, MR, XR) on a 5 point likert scale. 

Table 1: The self-report and observational (in bold) presence indicators used in the experiment 

1 I am sure that the pit was real and not a simulation. 

2 When asked to fall into the pit, I did so without hesitation. 

3 After the grate opened, it really felt as if I was falling. 

4 There were moments during the session in which I forgot that I was in a simulation. 

5 I felt a bodily reaction when hitting the bottom of the pit. 

6 Participant waited longer before estimating depth of the pit (above median reaction time) 

7 Participant visibly avoided tripping over the protruding ledge of the trap door. 

8 Participant waited longer before opening the grate (above median reaction time). 

9 I was sure that I could trip over the ledge of the trap door. 

10 

At several moments during the session, I had the feeling that I could have extended my arm to touch the 

objects in the virtual environment. 

11 

I constantly had the feeling that the objects I saw were situated in that specific location in the real world around 

me. 

12 When looking into the pit, I had the thought that I could really fall. 

13 I had the feeling that I needed to watch my step as not to trip on the trap door ledge 

14 I felt a bodily reaction when looking down to the bottom of the pit. 

15 I felt somewhat uncomfortable when looking down to the bottom of the pit. 
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Procedure 

 

At the start of the experiment, participants were asked to sign an informed consent form, which 

informed them of the general layout and purpose of the experiment. After signing, the 

experimenter explained again that each participant would conduct the same experiment in both a 

VR and AR setting, being asked to complete the same tasks for each. Participants were told to 

only comply with requests if they wished to do so, both to observe natural behavioural responses 

instead of forced behaviour, as well as ethical considerations of not forcing participants to do 

something some consider stressful. 

 

In the first session, participants were given some time to acclimatize to the wearing of and 

moving around in an HTC Vive. Since there were no differences between the two conditions 

besides being in either AR or VR, the progression of each of the two conditions was identical. 

 

Participants were first asked if they could see a trap door on the floor. This was to ensure the 

correct functioning of the AR environment, and this was also asked in the VR condition for 

consistency. After confirming the trap door was visible, the participants were asked to open the 

trap door by pulling the trigger on the HTC Vive controller. They were then asked to walk to the 

edge of the trap door and estimate the depth of the pit below the trap door (12 meters). Doing so 

ensured they actually looked all the way to the bottom. After receiving the participants estimate, 

the experimenter closed the trap door and asked the participant to step on top of it. The 
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participant was then asked to look down and pull the trigger again causing them to fall down the 

pit. 

 

After confirming the participant landed at the bottom of the pit, the experimenter helped them 

remove the headset, and asked the participant to fill in the survey consisting of questions about 

the experiment itself, as well as the IPQ questionnaire (Schubert, Friedmann & Regenbrecht, 

2001). Once the questionnaire had been completed, the participant was prepared to complete the 

scenario again in the other condition. 

 

After completing the second condition and questionnaire, participants were thanked and 

compensated for participating, and offered a debriefing of the experiment. 
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Results 

 

Disclaimer: Due to the outbreak of Covid-19 during spring 2020, this paper uses data previously gathered for the 

experiment done by Haans and IJsselsteijn(2018) as to prevent delays in the graduation process. The results in this 

section are not from the experiment described in the introduction and method section of this paper, but are meant to 

illustrate points made in the discussion section. To prevent confusion, the results will be written about condition A 

and B, and represent the real vs. simulated walking conditions of Haans and IJsselsteijn(2018). 

IPQ analysis 

 

Results indicated that the IPQ showed a different presence score on all main dimensions of the 

IPQ, as well as the combined score, between the two conditions. These conditions will from here 

on only be referred to as condition A and condition B, to prevent confusion with the conditions 

of Haans and IJsselsteijn (2018), of which the data was used.  

For the whole questionnaire, the presence score of participants in condition A (M = 0.137, SD = 

0.736) was significantly lower than that of the participants in condition B (M = 0.675, SD = 

0.601), with t(48) = 3.96 and p < .001. For spatial presence, the participants score in condition A 

(M = 0.310, SD = 0.467) was also lower than condition B (M = 0.922, SD = 0.452) with t(48) = 

5.43 and p < .001. As for realism, the same result was found where in condition A(M = -0.653, 

SD = 1.09) participants had a lower score than in condition B(M = -0.020, SD=0.985) with t(48) 

= 3.02 and p < 0.01. For involvement, the difference was not significant with a two-tailed t-test, 

but seeing how in all other measures, participants in condition A scored lower, a one-tailed t-test 

could be justified which resulted in A(M = 0.439, SD = 1.14) and B(M = 0.878, SD = 1.18) with 
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t(48) = 1.87 and p = 0.032. No significant effect was found on the single item presence 

dimension (M = 1.22, SD = 1.16 for A and M = 1.41, SD = 1.17 for B) using the Wilcoxon 

signed-rank test giving Z = -0.816 and p = 0.415. 

Rasch Analysis 

 
First, a quick overview was made to visualize the percentage of participants that exhibited a 

certain response. These conditions will only be referred to as condition A and condition B, to 

prevent confusion with the conditions of Haans and IJsselsteijn (2018), of which the data was 

used. The exact percentages are shown in Table 2, and a comparison in the form of a bar chart is 

given in Figure 4. 

 

Table 2: Rasch items, color coded and sorted on the average percentage of exhibited responses  

Item 8 7 13 19 12 3 18 15 5 11 14 2 1 10 6 17 4 9 16 

A 0.98 0.71 0.63 0.63 0.51 0.49 0.43 0.41 0.37 0.37 0.37 0.31 0.27 0.27 0.22 0.22 0.14 0.12 0.04 

B 1.00 0.92 0.88 0.71 0.61 0.71 0.59 0.49 0.82 0.53 0.69 0.43 0.59 0.43 0.37 0.57 0.20 0.47 0.02 

All 0.99 0.82 0.76 0.67 0.56 0.60 0.51 0.45 0.59 0.45 0.53 0.37 0.43 0.35 0.30 0.40 0.17 0.30 0.03 
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Figure 4: Comparison of item difficulties, sorted on average difficulty 

 

Figure 5: The same graph as figure 4, but sorted on the item difficulty of condition B 
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Figure 6: A plot of the inverse of the absolute values of the Rasch item difficulties for conditions 

A and B, compared to a normal distribution 

 

This data was analysed using the Rasch model, which gave a range of item difficulty scores 

between δ = -2.09 and δ = 3.65 logits (M = 0.00 and SD = 1.21; see Table 3). All items 

difficulties were estimated with a separation reliability of .952 and both mean square in- and 

outfit are below 1.30. Any value below 1.20 is considered excellent, and anything under 1.30 is 

deemed sufficient (Wright, 1994). Only the outfit value higher than 1.30 is Item19. This item 

was generated off a certain response time for opening the pit, and a manual time was selected. 

More details on how the items and Rasch models were generated can be found in the STATA 

code in Appendix B. The fit statistics allow for the items to be ordered invariantly and 

transitively in order of difficulty. 
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Table 3: Outcome Rasch model 

 Difficulty  MSfit    

Item number Average 𝛿 SE infit outfit Condition A 𝛿 Condition B 𝛿 

item1 0,06 0,23 0,90 0,87 0.4 -0.21 

item2 0,37 0,24 1,09 1,04 0.17 0.56 

item3 -0,79 0,23 0,88 0,88 -0.74 -0.84 

item4 1,57 0,29 0,91 1,21 1.24 1.82 

item5 -0,74 0,23 1,02 1,16 -0.15 -1.48 

item6 0,76 0,25 0,87 0,84 0.64 0.86 

item7 -2,09 0,29 0,81 0,64 -1.89 -2.46 

item9 0,76 0,25 0,86 0,70 1.43 0.37 

item10 0,48 0,24 0,92 0,82 0.4 0.56 

item11 -0,04 0,23 0,89 0,86 -0.15 0.08 

item12 -0,59 0,23 1,15 1,22 -0.83 -0.31 

item13 -1,65 0,26 0,85 0,67 -1.43 -1.99 

item14 -0,44 0,23 1,10 1,06 -0.15 -0.73 

item15 -0,04 0,23 0,98 0,92 -0.35 0.27 

item16 3,65 0,57 1,04 0,65 2.64 4.67 

item17 0,22 0,23 1,09 1,08 0.64 -0.12 

item18 -0,34 0,23 1,16 1,12 -0.45 -0.21 

item19 -1,17 0,24 1,12 1,54 -1.43 -0.84 
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Additionally, we estimated item difficulties for condition A and B separately. The two sets of 

estimates were found to correlate with r = .88 and p < .001 (see figure 7). In their paper, Haans 

and IJsselsteijn apply a correction for measurement error attenuation (Charles, 2005), but since 

all measurements of the Rasch items were binary items, measurement errors are unlikely thus 

this correction was not applied. 

 

Figure 7: Item difficulties and identity line, difficulty for condition A on the y-axis and difficulty 

for condition B on the x-axis, exact difficulties to be found in table 3. 
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Discussion 

 

Disclaimer: Due to the outbreak of Covid-19 during spring 2020, this paper’s discussion section is fully theoretical, 

since an actual experiment could not be performed. To support claims made in this discussion, the results section 

provides a generalized outcome based on data from an experiment with similar set-up (Haans & IJsselsteijn, 2018). 

While these results provide no new insight on the experiment itself, they can be used to illustrate the advantages of 

the Rasch model in general. 

 

The aim of this study was to find a method that allowed detailed measurement of presence in 

both AR and VR, under the same, established, definition of presence. As suggested in the 

introduction, there is an abundance of presence tests for immersive media. But with so many 

tests to choose from (Baren & IJsselsteijn, 2004), finding the right one is quite a challenge. This 

is especially true for AR, due to the ambiguity in the term presence itself (Lombard & Jones, 

2015; Slater, 2003), unreliability of generalized cross-media questionnaires (Usoh, Catena, 

Arman & Slater, 2000), and the relative novelty of AR compared to VR (Cipresso, Giglioli, 

Raya, & Riva, 2018). It is not surprising then that researchers start to look for better definitions 

and measurements for presence in AR. While some create their own, new presence 

questionnaires (Steptoe, Julier & Steed, 2014), and others adapt existing ones (Gandy et al., 

2010), there is a trend of researchers creating single-use presence questionnaires to fit their 

experiments because no established method is available. One common factor however is that 

using the “an illusion of non-mediation” definition by Lombard and Ditton (1997) seems to be 

favored (Haans, 2014; Steptoe, Julier & Steed, 2014) as a less ambiguous term then “being 

there” (Heeter, 1992), which cannot properly explain presence as it manifests itself in AR. 
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The Rasch model (Rasch et al., 1960) can provide a solution for this emergent problem with 

measuring presence in conjunction with AR. It allows for custom questionnaires, either new or 

adapted from other questionnaires, other indicators such as behavioural observations or 

self-reports, and even the integration of existing Likert-scale questionnaires using a polytomous 

Rasch model (Andrich & Marais, 2019). This Rasch model-based approach has already been 

validated as a valid method to measure presence in VR by Haans & IJsselsteijn (2018). However, 

where their conditions both took place in VR, this paper argues their approach is also suitable for 

measuring presence between different immersive media, and allows for deeper analysis while 

doing so. To prove this, our research proposes an experiment comparing the experiment of Haans 

and IJsselsteijn, but instead of changing the mode of transportation (real vs. simulated walking), 

our research compared the real walking condition in AR vs VR using the following research 

question: “To what extent can presence measurements based on self-reports and behavioral 

observations using a Rasch model identify differences in presence between Augmented and 

Virtual Reality”. To prove both the applicability and superiority of a Rasch model over 

conventional presence measurement methods, we aimed to confirm the following two 

hypothesis: 

H1: “The structure of the Rasch model allows for more in-depth analysis of presence than 

conventional presence questionnaires.”  

H2: “By using a Rasch model-based approach, differences across different media can be 

accounted for, leading to a measurement tool that fits both conditions of the experiment equally 

well” 
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 These hypotheses are based on two aspects of the Rasch model that conventional Likert-based 

presence questionnaires lack. First, the structure of the Rasch model allows for more in-depth 

analysis of data. Second, because the Rasch model is malleable, it allows for a custom set of 

items, which allows the researcher to adjust it to the immersive media of their choice. Since 

researchers are already turning to custom questionnaires, the Rasch model merely offers an 

established, validated, systematic framework to do so. Of these two hypotheses, only the first can 

be confirmed by this study alone. To prove the Rasch can indeed be adapted to fit every type of 

immersive media is impossible, as new forms of immersive media keep coming out. We do 

however believe this paper makes a strong case for it being a better choice than the established 

presence questionnaires, by showing it can be applied both to VR and AR, something that to the 

best of our knowledge has not been done using existing presence questionnaires. The first 

hypothesis however, can be easily confirmed by looking at advantages of the Rasch model. 

Rasch model advantages 

The biggest advantage of a Rasch model is that single items can be used for analysis, whereas in 

Likert scales this is considered bad practice. There are many debates about the shortcomings of 

Likert scales (Jamieson, 2004; Norman, 2010), arguing individual Likert items can or cannot be 

seen as ordinal data. It is also commonplace to counterbalance Likert items with symmetric 

opposites (e.g. i felt comfortable vs. i was nervous), making it even more questionable to look at 

individual items without their counterpart. The difficulty score of Rasch items is calculated based 

on the whole set of items, and gives a continuous number instead of (debatably) ordinal one for 

Likert items. This eliminates any debate on how the value should be interpreted, and thus allows 

for direct comparison between individual items. This becomes even easier given that the Rasch 
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model provides a mean and standard deviation of each item difficulty, essentially providing 

normally distributed  probability density functions for each item. 

 

Besides being more informative by allowing more in-depth analysis of data, the Rasch model is 

also less restrictive since it does not come with predetermined items, instead needing them to be 

selected for each experiment. While the need to select the Rasch items does require some insight 

and planning on the researchers part, it offers much more flexibility. One of the more popular 

presence questionnaires, the IPQ (Schubert, Friedmann & Regenbrecht, 2001), consists of three 

main dimensions (Spatial presence, involvement, realism) with a total of 14 questions. If one of 

the factors is either of higher or lower interest, the only options are to accept a loss in accuracy or 

create a custom questionnaire. By having to select Rasch items, extra items can be generated in 

areas of interest to increase the available data.  

 

Another advantage is that responses can be placed at specific times in an experiment, adding a 

possible temporal dimension to the analysis. An example would be checking a response to an 

object at the beginning of the experiment in one group while presenting it at the end in another 

group, or measuring a response both at the beginning and end of an experiment. Of course 

self-reports could be recorded during the experiment, but this would be disruptive. One study 

testing this found averages do not change significantly on average, but variance increases 

dramatically (Schwind, Knierim, Haas & Henze, 2019). Behavioural and physiological 

measures, since they do not require active attention from the participant, avoid this issue. To 

illustrate this with an example, imagine the trapdoor experiment of this paper. A subject might 
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not initially avoid tripping over the virtual trap door. But since fear is shown to increase presence 

(Gromer, Reinke, Christner & Pauli, 2019), they might be more likely to avoid virtual objects at 

the end of the experiment. Such temporal differences might be hard to recollect or differentiate 

for the subject when asked as Likert items after an experiment, but not as Rasch items taken from 

(videotaped) behavioural observation. 

 

A final advantage is the intuitiveness of the unidimensional scale the difficulty scores provide. 

By sorting items in order of how many participants exhibited them, stark differences become 

easy to see. Since the Rasch item difficulties are calculated based on the percentage of 

participants that exhibits a response, this can even be done before constructing the Rasch model. 

This way problematic items can be excluded from the Rasch analysis if need be. An example can 

be found in Figure 4, which shows the percentages, sorted on the average of both conditions. 

Similarly to the results section, condition names have been generalized to A and B, since the data 

used was from another experiment. For conclusions on the real vs. simulated walking condition 

the data was taken from, please refer to Haans and IJsselsteijn (2018). This discussion merely 

uses generalized mentions of conditions A and B to illustrate differences that can be expected in 

any experiment using a Rasch model. 

While condition A shows a gradually decreasing slope similar to that of the average, condition B 

shows clear outliers such as item 5, which is the fourth highest exhibited response in condition B, 

but the ninth when averaging the conditions. While exact conclusions can not be drawn due to 

the data being from another experiment, this example gives a very clear visualization of how 

informative a graph sorted on item difficulty can be. And while it is true that a big difference on 
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a Likert item would also stand out in a bar graph, we already established comparing individual 

Likert items is controversial and should be avoided. Comparing Rasch items however is very 

informative, and if done after a trial run of the experiment, can identify areas of interest to add 

additional items to. A lack of difficult items in condition B can be easily spotted if we sort on 

item difficulty of condition B, as seen in Figure 5. By plotting the inverse of the absolute values 

of the item difficulties and comparing the resulting graphs to a normal distribution, as seen in 

Figure 6, skew and kurtosis can be taken into account when creating new items.A skewed 

distribution might indicate one condition achieves a sense of presence more easily than the other 

condition, whereas it’s kurtosis might inform about item difficulty being too similar or too far 

apart. This can be seen in the lower kurtosis of condition A, having 5 items with a difficulty of 

-0.2 < 𝛿 < 0.2, or the skew of B, indication there are more easy than difficult items. 

When to use a Rasch model 

Making a direct comparison between using presence questionnaires and using a Rasch-model 

approach is difficult, since the two differ on so many levels. We believe the most important 

factor in deciding which method to use should be determined by how prominent the role of 

presence is in the interpretation of an experiment. While we argue that using a Rasch-model 

approach delivers far more detailed, accurate and interpretable results, it does require both more 

effort and insight from the experimenter. It requires enough understanding of both presence and 

the immersive media used to select appropriate items, preferably with an even separation in 

difficulty, although this can be adjusted by trial and error. Another hurdle is that creating and 

analysing the Rasch model takes a decent amount of skill of math and statistics, more than a 

simple t-test or ANOVA would. For the same reason the GPS in a car does not need accuracy in 
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microns, an experiment not focussed on presence does not benefit much from a Rasch-model 

approach to measuring presence. One situation where the Rasch model offers an additional 

advantage is repeated experiments or experiments where participants require some form of 

preselection. This is for two reasons, the first being all the effort needed to create a Rasch model 

is only needed for the first experiment, the model can simply be reused again and again on reruns 

of the experiment. The second stems from the fact that Rasch models are not only descriptive, 

but also prescriptive (Haans, 2012). This means that participants that have only done a part of the 

experiment can still have their personal difficulty score calculated, which can then be used to 

predict how they will perform in the rest of the experiment. This can be used to include or 

exclude participants from certain experiments, for e.g. ethical, economical or safety reasons. 

Theoretical discussion 

While we consider our first hypothesis confirmed, as the Rasch model clearly offers a more 

detailed and more readily interpretable dataset than conventional presence questionnaires, our 

second hypothesis can merely not be rejected. We expect some might argue the conditions of this 

experiment were cherry picked to be able to compare AR and VR, while in other situations this 

might become more difficult. To counter the cherry picking argument, our reasoning for 

choosing the pit experiment was not because it seemed to fit well between AR and VR, but 

instead we chose the same experiment as the paper that proposed using a Rasch model to 

measure presence in the first place (Haans and IJsselsteijn, 2018). A close comparison of their 

method section with our shows compromises had to be made to ensure the experiment could be 

run in both conditions. Elements like the virtual ball that was thrown at participants had to be 

removed since it would be too difficult to create something similar in AR. The initial experiment 
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had a small initial room in which it checked if participants bent their heads to avoid a low virtual 

door, which was changed to an elevated edge in this experiment to check if participants lifted 

their legs. It took effort and compromise to adapt the two conditions enough to compare them, 

but it was in fact the Rasch model that allowed for this. Since items are created for the specific 

experiment, they can be tailored to parts of the experiment that can be compared, and avoid areas 

that should not be compared. “The room looks realistic” works in VR, but since AR is partially 

real, this question makes no sense. While the Rasch model offers a compromise, in our case “the 

trap door looks realistic”, conventional questionnaires are rigid, and cannot accommodate for this 

at all. To the best of our knowledge, the Rasch model offers the most suitable measurement 

method for alleviating issues that come up when comparing different immersive media, 

especially pertaining to AR. However, to truly assess the methods viability, more experiments 

need to be performed to create a solid base of research to both compare, and build upon. With 

augmented reality being such an outlier in terms of presence however, and other researchers 

running into the same issues (Gandy et al., 2010; Steptoe, Julier & Steed, 2014), a need for a 

systematic yet flexible method of measuring presence between augmented reality and other 

media is growing. Perhaps the solution is yet another generalized presence questionnaire, this 

time created in such a way that it includes augmented reality as applicable media. It is however 

likely to suffer the same fate as its predecessors once a future form of immersive technology 

invalidates it yet again. Maybe a physiological or neurological method of measurement will 

become more popular, but so far are dependent on stressful environments to produce 

physiological responses, while neurological measures such as fMRI are highly invasive 

measurement methods (Meehan, Insko, Whitton & Brooks Jr, 2002). Another issue with fMRI is 
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the magnetic forces would interfere with the proper functioning of an HMD. But as for the 

methods currently in use, we do believe a Rasch model offers a superior insight into presence, 

and it warrants the effort if presence plays an essential role in an experiment. If the Rasch-model 

method becomes more popular among presence research, some sort of skeleton version could be 

established, to make it more accessible as an alternative to questionnaires. Perhaps an array of 

responses can be provided to researchers, grouped in similar ways as the aspects of presence in 

presence questionnaires like the IPQ (Schubert, Friedmann & Regenbrecht, 2001), or common 

responses can be grouped by type of immersive technology.  

Ethics and societal impact 

While there are no direct ethical or societal implications to measuring presence itself, it is a long 

established concept in immersive technologies. Generally higher presence using an immersive 

technology improves the efficacy of said technology, meaning an improvement in measuring 

presence can lead to an improvement in many different applications of immersive media. Virtual 

limbs are shown to relieve or even relinquish phantom limb pain, a condition where a patient can 

still feel sensations, including pain, in a limb or body part that has been removed (Cole, Crowle, 

Austwick & Henderson Slater, 2009). Virtual reality has also been applied on many occasions to 

provide exposure therapy, having many benefits over even traditional exposure therapy for e.g. 

anxiety or PTSD (Powers & Emmelkamp, 2008; Rothbaum et al., 1999). Fear of heights or even 

fear of flying cannot easily be used in exposure therapy, because if a patient decides to stop the 

exposure, they are not suddenly back on the ground (Freeman et al., 2018). Virtual reality offers 

a way to immediately stop a simulation to prevent exacerbating the fear. Other examples could 

be the training of medical professionals without the need of real human subjects, or the training 
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of firemen without the danger of actual fires. Of course any new technology can come with 

unforeseen negative consequences (Berdichevsky & Neuenschwander, 1999). An example 

application, depending on your point of view, is that highly immersive technologies can also 

create very authentic training for military or terrorist purposes. For those familiar with science 

fiction, even memory alteration becomes an option. But besides all the good or bad a better 

understanding of presence can do indirectly, creating a more exact measuring method is a 

valuable contribution to any scientific field. While researchers may disagree on definitions or 

measurement of presence, the general concept has been the subject of thousands of papers since 

the early 1990s. Current trends predict the VR market to double in value every year, currently 

worth about 40 billions USD, and the AR market is predicted to exceed VR in the near future 

(Wiederhold, 2017). With such an increase in demand and possible profit, research is sure to 

follow once grants and sponsorship become available. Especially since most of the money in this 

market is coming from video games, where presence is one of the most important factors for 

enjoyment and satisfaction (Tamborini& Bowman, 2010). 

Limitations and conclusion 

This paper's limitation is also its strongest point. The fact that no experiment could be performed 

has forced a more theoretical analysis of the measurement method, which might provide a better 

insight into its capabilities than the results of a single experiment would have. Another factor 

with the same duality is the immersive technologies used. While the aim of the experiment was 

to compare augmented with virtual reality, both of these terms have many different 

embodiments. Virtual reality can for example include freedom of movement by tracking a 

participant’s movements, but can also be restricted if movement is mediated by a controller or 
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not available at all. Augmented reality has similar large differences in its implementations. While 

generally not restricting freedom of movement, there are bound to be large differences between 

augmented reality on a handheld device compared to an HMD. By not restricting the analysis to 

one type of implementation, a broader range of possible outcomes has been considered, not 

validating the method only for use between the proposed implementations of AR and VR 

respectively, but considering the concepts regardless of implementation method. 

Another advantage of this more general analysis is that it can be easily extended to more 

multimodal implementations of immersive technology. While 3D audio has been common in 

more high-end immersive media for a few years, there are still many other modalities immersive 

technologies can benefit from.  Haptic feedback is currently quite basic, but has been steadily 

improving over the years. While at first only vibrations were common, current technologies like 

the Nintendo Switch have refined this to simulate displacement of weight inside the palm of the 

hand. Modalities like smell and momentum have yet to be implemented in a meaningful way, but 

are likely to influence presence just as much as 3D audio and haptics have. And while these 

modalities are not yet implemented on a large scale, once they are, existing presence 

questionnaires will be even less applicable to measuring presence of these new technologies. The 

Rasch-model however, being flexible in its choice of responses, can easily accommodate new 

items related to hearing, touch, smell, gravitation or any other modality.  

Many of the topics mentioned above would not have been considered if the initial experiment 

could have been conducted, and while it might have validated the method for that specific use, it 

would be harder to argue for use of the method in different scenarios or with different 

technologies. In sum, we conclude that this theoretical paper makes a stronger case for the 
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adoption of the Rasch model in presence research than the execution of any one experiment 

could have. 
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Appendices 

 

Appendix A  

STATA do-file for IPQ item analysis 

 

//STATA do file for IPQ 

clear 

set more off 

use "C:\Users\Revaivel\Dropbox\Graduation\STATA\GraduationData.dta", clear 

 

tab Item1 //Check for outliers (coded as 9?) 

//Outliers in items 1, 5, 11, 14, 

 

drop if id == 30 //all values of 9 were same participant 

//Likert scale starts item 17 to 30 

 

/* Drop likert Items if needed */ 

drop Item1 

drop Item2 

drop Item3 

drop Item4 
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drop Item5 

drop Item6 

drop Item7 

drop Item8 

drop item9_n 

drop Item10 

drop Item11 

drop Item12 

drop item13 

drop Item14 

drop item15 

drop Item16 

/**/ 

 

//Reorder items to official IPQ order 

rename Item17     Item1 

rename Item18_n Item7_n 

rename Item19     Item6 

rename Item20_n Item3_n 

rename Item21_n Item9_n 

rename Item22    Item12 

rename Item23     Item5 
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rename Item24     Item11 

rename Item25     Item2 

rename Item26     Item8 

rename Item27     Item13 

rename Item28     Item4 

rename Item29     Item14 

rename Item30     Item10 

 

    //Add reversed variables 

    gen Item7 = 0 - Item7_n 

    gen Item3 = 0 - Item3_n 

    gen Item9 = 0 - Item9_n 

 

order Item*, sequential 

order id gender age session condition, first 

 

gen ItemTotal = 

(Item1+Item2+Item3+Item4+Item5+Item6+Item7+Item8+Item9+Item10+Item11+Item12+Item1

3+Item14)/14 

 

//test normality and homogeneity (both met) 

swilk ItemTotal 
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robvar ItemTotal, by(condition) 

 

//run Ttest as unequal, to be extra safe 

ttest ItemTotal, by(condition) unequal 

 

//if no ttest because no normality 

ranksum ItemTotal, by(condition) 

 

//regression shows 

    //vrexp and fearof significant 

    //length almost significant (calibrated to experimenter height) 

 

 

gen ItemSp = (Item2+Item3+Item4+Item5+Item6)/5 

gen ItemIn = (Item7+Item8+Item9+Item10)/4 

gen ItemRl = (Item11+Item12+Item13+Item14)/4 

 

swilk ItemSp 

//test individual conditions for normality 

swilk ItemSp if condition == 1 

swilk ItemSp if condition == 2 
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swilk ItemIn 

swilk ItemRl 

 

ttest ItemSp, by(condition) unequal 

ttest ItemRl, by(condition) unequal 

//One-tailed justified because of results above 

ttest ItemIn, by(condition) unequal 

 

sum Item1 if condition == 1 

sum Item1 if condition == 2 

 

/*Code prep Signrank Item1 

drop gender age session Item2 Item3 Item3_n Item4 Item5 Item6 Item7 Item7_n Item8 Item9 

Item9_n Item10 Item11 Item12 Item13 Item14 obs_door obs_ball obs_time ItemTotal ItemSp 

ItemIn ItemRl 

reshape wide Item1, i(id) j(condition) 

signrank Item11 = Item12*/ 

 

 

//replace obs_door = . if length > 165 

//replace obs_time = . if obs_time > 90 

//gen obs_hesitate if obs_time > mean 
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Appendix B 

 

 

clear 

set more off 

use "C:\Users\Revaivel\Dropbox\Graduation\Data Antal\GraduationData.dta", clear 

 

//ssc install uirt 

//https://www.statalist.org/forums/forum/general-stata-discussion/general/1360248-uirt-a-new-pa

ckage-to-fit-unidimensional-item-response-theory-models-is-now-available-from-ssc 

 

tab Item1 //Check for outliers (coded as 9?) 

//Outliers in items 1, 5, 11, 14, 

 

drop if id == 30 //all values of 9 were same participant 

//Likert scale starts item 17 to 30 

 

/* Drop likert Items if needed */ 

drop Item17 

drop Item18_n 

drop Item19 

drop Item20_n 
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drop Item21_n 

drop Item22 

drop Item23 

drop Item24 

drop Item25 

drop Item26 

drop Item27 

drop Item28 

drop Item29 

drop Item30 

/**/ 

 

//Possibly drop item 8 because score cannot be calculated if 100% says yes 

//drop Item8 

 

//Rename items for consistency 

rename ( item*) (Item*) 

 

//Reverse negative phrasing 

gen Item9 = !Item9_n 

drop Item9_n 
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gen Item17 = obs_door 

gen Item18 = obs_ball 

gen Item19 = 0 

//Observation set arbitrarily at 16 seconds 

replace Item19 = 1 if obs_time > 16 

 

order Item*, sequential 

order id gender age session condition, first 

 

//Generate score total 

egen score=rowtotal(Item*) 

 

irt 1pl Item* 

raschify 

irt 

 

/*seperate models 

irt 1pl Item* if condition == 1 

raschify 

irt 

 

irt 1pl Item* if condition == 2 
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raschify 

irt 

*/ 

 

//MSfit plugin: 

//net inst raschjmle, from("http://wbuchanan.github.io/StatajMetrik/") 

//https://www.statalist.org/forums/forum/general-stata-discussion/general/1295846-item-fit-outfit

-infit-statistics-using-irt 

raschjmle Item* 

 

//preserve to undo reshape 

preserve 

 

 

// Manual Rasch 

    //To fit the Rasch model, we first have to reshape the data 

    reshape long Item, i(id condition) j(item_long) 

 

    //generate the predictor variables for the thetas 

    forvalues num =1/19{ 

    gen Th`num' = -(item==`num') 

    }  
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  //Expand for codeblock 

 

    //clm-estimator for Rasch model (etas are fixed effects) 

    clogit Item Th2-Th19, group(id) 

    estimates store RASCH 

    clogit Item Th2-Th19, group(id), if condition == 1 

    estimates store RASCH1 

    clogit Item Th2-Th19, group(id), if condition == 2 

    estimates store RASCH2 

 

    //Compare Rasch models 

    hausman RASCH1 RASCH2 

   

 

    //Fitting the Rasch model with eta as a random effect 

    xtset id 

    xtlogit Item Th1-Th19,noconstant re 

    estimates store RASCHeta 

    xtlogit Item Th1-Th19,noconstant re, if condition == 1 

    estimates store RASCHeta1 

    xtlogit Item Th1-Th19,noconstant re, if condition == 2 
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    estimates store RASCHeta2 

 

    hausman RASCHeta1 RASCHeta2 

  //Becauce Prob>chi2 < 0.05, we conclude there IS a difference in diffuculty 

restore 

 

 

//https://www.stata-journal.com/article.html?article=st0119 

//https://www.statalist.org/forums/forum/general-stata-discussion/general/1455954-easy-way-to-f

it-a-rasch-model-in-stata 

//https://www.stata.com/manuals13/semexample28g.pdf 

 

 

 


