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Epi 204 -- Problem Set #1
Chapter 5 Problems  (Kappa)
Due date posted on CLE 
34 total +4 EC 
Do problems #1 – #5 below.  Problems 1 and 2 are in Evidence-Based Diagnosis, 2nd Edition (EBD-2) with answers in the back of the book.
You may use whatever tools you like, including Excel, an online calculator, and Stata.  But please respond clearly and directly to the questions.


#1.  Observed Agreement < 50%, but kappa > 0.0.  (EBD-2 5.1) (2 pts total)
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 (EBD-2 5.2) (5 pts total)

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.  Show calculations (1 pt) 



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. Show calculations (1 pt) 






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? (1 pt)




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. Show calculations. (1 pt) 




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? (1 pt)




#3. Agreement on Mammogram Readings (10 points total +2 EC)
Elmore et al [2] 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.

Note: The stratified sampling scheme described above deliberately under-sampled normal mammograms.  We included this for interest and to describe the study accurately.  The questions below are unrelated to how the mammograms were chosen for this study.

Here is a simulated table comparing the mammogram readings of Radiologist A and Radiologist B consistent with what was reported in the paper.

	
	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 maximal disagreements were there?  Express this as a percent of the total. (1 pt)



b) How many complete agreements were there?  Express this as a percent of the total.  (1 pt)



c) How many complete agreements were expected based on the marginals?  Express this as percentage. (1 pt)



d) What is (unweighted) kappa? (1 pt)



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. (1 pt)


	
	Normal
	Benign
	Indeterminate
	Malignant

	Normal
	
	
	
	

	Benign
	
	
	
	

	Indeterminate
	
	
	
	

	Malignant
	
	
	
	




f) Based on the simulated data table above, what is linear-weighted kappa? Show your work.  (4 points)






g) Why is linear weighted kappa higher than unweighted kappa? (1 pt)






h) Extra Credit (+2) What is quadratic-weighted kappa?  Show how you got it.



	


#4.  HEART Score History Inter-rater Agreement [10 points]
The HEART Score is one of many clinical prediction tools to identify emergency department (ED) chest pain patients who are at low risk for a short‐term major cardiac event (MACE). The acronym is clever; HEART: History (H), electrocardiogram (ECG, E), Age (A), Risk Factors (R), and Troponin (T). Here we are interested in the ECG, which is scored as 0 for normal, 1 for non-specific, and 2 for abnormal.[footnoteRef:1]  Gershon [3] compared the scores of an attending emergency physician and an emergency medicine resident on 311 patients.  Here are simulated results:   [1:  “Non-specific” = non-specific repolarization disturbance: No ST depression but LBBB, LVH, repolarization changes; “Abnormal” = significant ST deviation: ST depression/elevation not due to LBBB, LVH, or digoxin.] 


	HEART ECG  Score
	
	
	
	

	
	
	Attending Emergency Physician
	

	
	
	0
	1
	2
	

	Emergency Medicine Resident
	0
	117
	17
	2
	136

	
	1
	22
	86
	4
	112

	
	2
	10
	43
	10
	63

	
	
	149
	146
	16
	311



a) Is agreement balanced?  If not, was the resident or the attending more easily impressed by the ECG findings (i.e., thought the ECG was more abnormal)? [1] 





b) Calculate expected agreement for all cells in the table below: [3]

	HEART History Score
	
	
	
	

	
	
	Attending Emergency Physician
	

	
	
	0
	1
	2
	

	Emergency Medicine Resident
	0
	
	
	
	136

	
	1
	
	
	
	112

	
	2
	
	
	
	63

	
	
	149
	146
	16
	311








c) The paper reported observed agreement (unweighted) to be 68.5%. Does this simulated data give the same answer?  Show your calculations. [1]



d) What is expected percent (unweighted) agreement? [1]





e) What is unweighted kappa? [2]





f)  If the paper reported a “weighted kappa” of 0.52, were they using linear or quadratic weights?[footnoteRef:2] Explain your answer and show your calculations. [2] [2:  The authors did not specify what weights they used.  Truth be told, the 0.52 that they reported was for agreement on the “History” component of the score but assume that’s what they reported for the ECG component of the score.] 
























#5 Estimation of Blood Loss for Postpartum Hemorrhage [7 + 2 EC points]
Written by Leah Koenig, Jingxuan Wang, and Carolyn Smith Hughes

Postpartum hemorrhage (PPH) is the leading cause of maternal death globally. With timely identification and management, most of these deaths are preventable.  Appropriate treatment/management of PPH depends on the amount of blood lost, but estimation is difficult, especially in lower-resource settings where the burden is highest.  PPH is defined as cumulative blood loss ≥500 mL within 24 hours of a vaginal delivery.

In lower-resource settings, visual estimation of blood loss is frequently used to identify PPH. Lertbunnaphong et al conducted a study in Thailand that compared visual estimation of blood loss with weighing blood collected in a sterile drape (referred to as “drape”)[4]

[image: Table

Description automatically generated]

Here is the same data in a table with totals calculated.

	
	
	Visual Estimation
	

	
	
	0–100
	101–200
	201–300
	301–400
	401–499
	≥500
	

	Drape
	0–100
	21
	6
	0
	0
	0
	0
	27

	
	101–200
	67
	35
	2
	0
	0
	0
	104

	
	201–300
	21
	45
	9
	1
	0
	0
	76

	
	301–400
	3
	20
	14
	5
	0
	1
	43

	
	401–499
	0
	5
	2
	3
	0
	0
	10

	
	≥500
	0
	2
	9
	5
	1
	9
	26

	
	
	112
	113
	36
	14
	1
	10
	286










Treat “visual estimation” and “drape” as though they were two different observers/raters, answer the following:

a. What is observed agreement, expected agreement, and unweighted kappa? [3 points]






b. Is there unbalanced disagreement? Explain how you can tell this from the table. [2 points]






c. What is the linear weighted kappa?  Show how you got it. [+2 points Extra Credit]






d. You possibly get a higher weighted kappa than unweighted kappa, explain why. [1 point]






e. If the drape measurement is correct, will using the visual estimate lead to under-treatment or over-treatment for post-partum hemorrhage? [1 point]
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