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Supplementary Table S1  Some milestones in original research and development of methods and tools for accurate and reliable visual estimations of disease severity. The list is not exhaustive but presents the timeline of some of the major and minor developments in plant disease severity estimation.
	Year
	Author
	Topic

	1892
	Cobb (1892)
	First SAD scale to aid severity estimation or rust on wheat.

	1923
	McKinney (1923)
	First disease severity index developed. 

	1945
	Horsfall and Barratt (1945)
	A novel quantitative ordinal scale developed based on the assumed logarithmic “Weber-Fechner” law. 

	1964
	Redman et al. (1968)
	Tables developed for conversion of the Horsfall-Barratt scale for parametric analysis. 

	1970
	Kranz (1970)
	Begins quantitative exploration of rater error and develops ordinal scales with 5 to 10 classes based on logits. 

	1970
	Analytis (1973)
	Further explores the development of ordinal scales based on characteristics of rater estimations and transformations.

	1974
	James (1974)
	Several SADs developed to more accurately estimate disease severity.

	1977
	Kranz (1977)
	A study on maximum disease severity in different pathosystems and implications for disease assessment using ordinal scales.

	1983
	Sherwood et al. (1983) 
	Showed that raters tended to overestimate, particularly at low severities of disease, and where lesions were small.  

	1984
	Koch and Hau (1984)
	Characterized raters preference for “knots” (severities at 5 and 10% intervals) when assessing using the percentage scale.

	1987
	Forbes and Jeger (1987)
	Demonstrated the effect of organ type and disease intensity on rater error, accuracy and precision.

	1987
	Shokes et al. (1987)
	Established the concept of test/re-test analysis to plant disease severity assessment. 

	1988
	Tomerlin and Howell (1988)
	Developed the first widely available computer severity estimation training software, DISTRAIN.

	1991
	Beresford and Royle (1991)
	First to characterize differences in estimation accuracy of different symptom components of the same disease. 

	1993
	Nutter et al. (1993)
	Presented the concepts of accuracy, inter- and intra-rater reliability in disease severity assessment. 

	1994
	Newton and Hackett (1994)
	Demonstrated the improvements in accuracy of disease severity estimates after computer training.

	1995
	Nutter and Schultz (1995)
	Confirmed improvements in estimates after computer training.

	2003
	Nita et al. (2003)
	Showed that assessments based on the Horsfall-Barratt scale were not more accurate or precise compared to direct percentage estimates. First use of Lin’s concordance correlation in phytopathometry.

	2004
	Shah and Madden (2004)
	Described methods to analyze ordinal disease severity rating scale data.

	2006
	Nutter and Esker (2006)
	Use of the “just noticeable difference” to demonstrate that estimates were more accurate than the mid-range intervals of the Horsfall-Barratt scale indicate.

	2000
	Michereff et al (2000)
	First quantitative assessment of improved accuracy and reliability using SADs using regression analysis.

	2007
	Hartung and Piepho (2007)
	Compared accuracy, precision and time between assessments using the percentage scale and ordinal rating scales – in most cases the percentage scale performed better. 

	2009
	Bock et al. (2009b)
	Demonstrated that experienced plant pathologists were statistically more accurate compared to inexperienced raters.

	2010
	Bock et al. (2010b)
	Simulation studies showed that estimates based on the Horsfall-Barratt scale resulted in elevated type II error.

	2013
	Bardsley and Ngugi (2013)
	Demonstrated the importance of instruction in ensuring reliability and accuracy of estimates.

	2014
	Schwanck and Del Ponte (2014)
	Compared linear and logarithmic, color and monochrome designed SADs – some effects of scale structure on accuracy were observed. 

	2014
	Chiang et al. (2014)
	Based on simulation analysis, first quantitative ordinal scale developed with similar power compared to using the percentage scale. 

	2015
	Bock et al. (2015)
	Explore the effects of number of diagrams in a SADs on accuracy of estimates.

	2016
	Chiang et al. (2016a)
	Simulation analysis was used to demonstrate the impact of rater bias on hypothesis testing.

	2017
	Chiang et al. (2017a and b)
	Simulation was used to demonstrate optimization of the disease severity index for hypothesis testing.

	2020
	Melo et al. (2020)
	Showed that SADs developed in different laboratories had different characteristics when validated (Pereira et al. (2020) showed similar).

	2020
	Chiang et al. (2020)
	Demonstrated use of the proportional odds model for analyzing ordinal scale data.

	2020
	Franceschi et al. (2020)
	Demonstrated that an improved SAD structure and more images of diseased specimens resulted in more accurate estimates of severity.
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