Supplemental Digital Content 3 Introduction to the Rasch model for rating scale analysis
Assuming constant discrimination for all items, the Rasch model relates the relationship of person latent trait (θ), item difficulty (or location) (b) and rating category threshold (τ) to the logarithm of the odds of selecting rating category k rather than k-1: 
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where pijk is the probability of person i answering the jth item in rating category k; θi is the latent trait of the ith person; bj is the difficulty of the jth item; τk is the threshold in category k relative to category k-1. The relationship between latent trait, item difficulty and probability of selecting a specific category is illustrated with category characteristic curve in the following figure. For persons with very low latent trait, the probability of selecting the lowest category of an item is virtually 1. As latent trait increases, the probability of selecting a higher category increases gradually. When latent trait matches the threshold of higher category of an item, the probability of observing the lower category and adjacent higher category is equal. When latent trait exceeds the threshold, the probability of selecting lower category would decrease dramatically. Finally, persons with very high latent trait select the highest category of an item with certainty. There is a common continuum onto which people, items and thresholds are mapped. The latent traits, item difficulties and category thresholds can be expressed with the same logit unit on this common scale. If two persons with different latent trait encounter the same item, the person with higher latent trait always has higher probability of selecting a higher category. The difference between latent trait, item difficulty and category threshold can be directly translated into the probability of selecting a specific category of an item.

The following figure is an example of item characteristic curve for rating scale analysis using the Rasch model. The exemplified item has 4 categories for selection (3 thresholds).
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The supposed item location parameter is set at 0 and the three threshold values from low to high are -2.5, 0, 2.5. According to the definition of rating scale model, the probability of selecting a specific category k from m categories could be expressed as following formula:
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where θ is the latent trait of a person; bj is the location parameter of the jth item; τk is the threshold to being observed in category k relative to category k-1. In this example, the probability of select categories of 0 (Pj0), 1 (Pj1), 2 (Pj2) and 3 (Pj3) could be expressed with the following equations:
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Therefore, the probability of selecting a specific category can be calculated from these equations. For example, a person with latent trait of 1 is expected to select category 0, 1, 2, 3 with probability of 0.007, 0.23, 0.624 and 0.139, respectively. Thus, the most probably selected category in this case would be category 2.
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