Supplemental digital content 4 Test for combinations of categories relative to Linacre’s criteria
The Linacre’s guidelines to optimize rating scale category are listed below: 17
Guideline #1: At least 10 observations of each category.

Guideline #2: Regular observation distribution.

Guideline #3: Average measures advance monotonically with category.

Guideline #4: OUTFIT mean-squares less than 2.0.

Guideline #5: Step calibrations advance.

Guideline #6: Ratings imply measures, and measures imply ratings.

Guideline #7: Step difficulties advance by at least 1.4 logits.

Guideline #8: Step difficulties advance by less than 5.0 logits

The following table shows whether the rating categories after combination met the criteria suggested by Linacre, reliability, and global fit statistics. It can be easily seen that only the 4-category rating scale met all of Linacre’s criteria. The reliabilities of the 4 kinds of rating scales are similar but the 4-category rating scale had the lowest log likelihood χ2 value and the smallest root mean square residual among these rating scales. All of the evidence suggests that the original 10 rating categories should be further combined into 4.
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	Reliability
	0.73
	0.74
	0.75
	0.73

	Log-likelihood χ2
	13021.1
	11867.7
	9676.6
	6589.9

	Degree of freedom
	3069
	3071
	3073
	3075

	Global RMSR
	2.44
	1.77
	1.16
	0.68


RMSR: root-mean-square residual, summarizing the differences between observations in this category and their expectations (excluding observations in extreme scores).
