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Do problems #1 – #5 below. The “Ch05.XX” numbering is for our problem database; please ignore.
You may use whatever tools you like, including Excel, an online calculator, and Stata.  But please respond clearly and directly to the questions.  Do not paste Stata output or something else that your section leader has to decipher.
#1.  Observed Agreement < 50%, but kappa > 0.0.  (Ch05.03)
Make a 2x2 table (2 observers rating a sample of patients as either positive or negative for a finding) where the observed agreement is less than 50%, but Kappa is nonetheless more than 0.




#2. Abdominal Tenderness to Palpation (Ch05.02)
Yen et al(1) compared abdominal exam findings suggestive of appendicitis, such as tenderness to palpation, between pediatric emergency physicians and pediatric surgical residents.

Assume that the emergency physician and the surgeon each examine the same 10 patients for right lower quadrant tenderness with the following results:

	Emergency
Physician
	Surgeon

	
	Tender
	Not Tender
	Total

	Tender
	3
	2
	5

	Not Tender
	2
	3
	5

	Total
	5
	5
	10




a) Note that the observed agreement is 3 + 3 = 6/10 = 60%.  Calculate kappa.



Now, assume that the emergency physician and the surgeon both find a higher prevalence of right lower quadrant tenderness, but still have 60% observed agreement:

	Emergency
Physician
	Surgeon

	
	Tender
	Not Tender
	Total

	Tender
	5
	2
	7

	Not Tender
	2
	1
	3

	Total
	7
	3
	10



b) Calculate kappa.


c) Compare the values of kappa for the tables in part (a) and part (b).  The observed agreement was 60% in both cases, why is kappa different?


Now, assume that the surgeon has a much higher threshold than the emergency physician for calling tenderness (e.g., the child has to scream and cry rather than just wince).  This is a source of systematic disagreement.  Results follow:




	Emergency
Physician
	Surgeon
	

	
	Tender
	Not Tender
	Total

	Tender
	3
	4
	7

	Not Tender
	0
	3
	3

	Total
	3
	7
	10



d) Note that the observed agreement is still 6/10 or 60% and calculate kappa.


e) If you answered (a), (b) and (d) correctly, you found that the highest value of kappa occurred in (d) when disagreements were unbalanced.  Why?



#3. ED interpretation of CT scans for body packing (with thanks to Dr. Kimberly Kallianos, Epi 204, 2015) (Ch05.51)
[image: 1-s2]Individuals suspected of drug smuggling by ingestion of drug packages (known as body packers) may be brought to emergency departments for abdominal computed tomography (CT) scanning. Sometimes the diagnosis is obvious (Figure), but in other cases emergency department clinicians may sometimes find it challenging to interpret these CT scans if formal radiology interpretation is not available overnight. Missing concealed drug packages has important clinical implications, as the packages may rupture leading to fatal overdose.  Example of a positive CT scan  in a body packer

Asha et al (2) investigated (among other things) the inter-rater reliability of the ED physicians for whether the CT scan was or was not positive for packing.  
The authors reported Kappa = 0.46 (95% CI 0.30−0.62, P<0.001).  Which of the following statements about that Kappa are true? Explain your answers.
a.  The Kappa of 0.46 indicates agreement was worse than would be expected by chance alone, since by chance we would expect ~50% agreement. 


b.  If ED raters agreed that packing was to be expected in only about 25% of CT scans, then we would expect them to agree > 50% of the time, even if they did not know anything about how to read CT scans. 
c.  The authors of this study could have obtained a higher Kappa value (without at all changing their study or their data) simply by calculating a quadratic-weighted Kappa. 


d.  If you look at the figure, it's hard to believe Kappa was only 0.46?  Why do you think K was not higher?


#4. Agreement on Culposcopic Photographs for Child Sexual Abuse (Ch05.08)
A brave group of investigators(3) examined inter-rater reliability of clinicians interpreting culposcopic photographs for the diagnosis of sexual abuse in prepubertal girls. Experienced clinicians (N = 7) rated sets of photographs on the following 5-point scale: 1, normal; 2, nonspecific findings; 3, suspicious for abuse; 4, suggestive of penetration; 5, clear evidence of penetration.
a) The published unweighted kappa in this study was 0.20; the published weighted kappa (using quadratic weights) was 0.62. Why do you think there is a big difference between them? 

b.)  The authors used quadratic weights.  As shown in Table 5.4, these weights give 43.75% credit for answers that are 3 categories apart (e.g., "normal" and "suggestive of penetration." This might seem excessively generous.  Propose an alternative weighting scheme, by creating a 5 x 5 table with weights (you only need to include the numbers above the diagonal) and justify it.  (Hint: Don’t just use linear-weighted Kappa.  Ask yourself: are some 1-level disagreements more clinically significant than others?  Should there be any credit at all for 3-level disagreements?)

c) The data collection form for the study included a sixth category: “unable to interpret.” Most of the kappa values published for the study were based on the subset of 77 (55%) of 139 sets of photographs that were “interpretable” by all 7 clinicians.
i. Did the exclusion of this group probably increase or decrease kappa?


ii. How else could they have handled that sixth “unable to interpret” category?


d) The practitioners who participated in this study were all trained in evaluating suspected sexual abuse, with a minimum experience of 50 previous cases (6 of 7 had seen more than 100 previous cases). How does this affect the generalizability of the results and your conclusions?


e) The authors actually assessed inter-observer agreement in two groups of clinicians, both with and without blinding them to the patients’ histories. Results are shown below:


(Unweighted) Kappa Values for Interpretation of Culposcopic Photos on a 5-Point Scale
	
	Blinded (N = 456)a
	Provided History (N = 510)a

	Group 1 
	0.22
	0.11

	Group 2
	0.31
	0.15

	a These N values indicate the number of pairwise comparisons in which both clinicians considered the photograph to be interpretable.


What are some possible explanations for the higher kappa values when observers were blinded to the history?




#5. Agreement on Mammogram Readings (Ch05.09)
In an often-quoted paper, Elmore et al (4) reported on the inter-rater reliability and accuracy of mammograms for diagnosing breast cancer. They selected a stratified random sample of 150 mammograms, based on the original interpretation of the radiologist: "normal" (N=54, of whom 1 had cancer, sampled from ">3000"); "abnormal, probably benign" (N= 61, of whom 7 had cancer, sampled from 567); and "abnormal suggestive of cancer" (N=35, of whom 19 had cancer, sampled from 124).  They compared the readings by 10 radiologists.
Here is a simulated table comparing the mammogram readings of Radiologist A and Radiologist B.
	
	Radiologist B

	
	Normal
	Benign
	Indeterminate
	Malignant
	Total

	Radiologist A
	
	Normal
	35
	6
	2
	2
	45

	
	Benign
	34
	15
	4
	2
	55

	
	Indeterminate
	0
	0
	4
	1
	5

	
	Malignant
	1
	19
	0
	25
	45

	
	Total
	70
	40
	10
	30
	150





a) How many complete disagreements were there?  Express this as a percent of the total. 


b) How many complete agreements were there?  Express this as a percent of the total. 


c) How many complete agreements were expected based on the marginals?  Express this as percentage. 



d) What is (unweighted) kappa? 


The authors reported a linear weighted kappa of 0.49. 

e) In the table below, show the weighting system used to calculate linear weighted kappa.

	Weights
	
	Radiologist B

	
	
	Normal
	Benign
	Indeterminate
	Malignant

	Radiologist A
	Normal
	
	
	
	

	
	Benign
	
	
	
	

	
	Indeterminate
	
	
	
	

	
	Malignant
	
	
	
	



f.) What is the linear weighted kappa for these data?
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