Math 17 Semester Lab Works: Directions and Assignments
 Lab works are short written assignments to be completed after designated labs, and turned in during the specified class meeting. You will need to perform an appropriate analysis and include a brief summary of your results which addresses the specified questions, while explaining the statistical concepts relevant to your analysis. Lab works will be graded both on statistical content and writing quality/structure. These assignments should be a maximum of 3 pages (most will be 2 pages), including any graphs or chunks of output that you choose to include (you can crop/shrink graphs).  You may refer to graphs that you do not include, but must include some supporting work (graph or output or computation) for each lab work. You may work with classmates to generate any output you wish to use, but the write up itself must be entirely your own work. You should do your best to create a cohesive write up (include an introduction), not a bulleted list of responses to the questions. Finally, you are to explain the statistical concepts at hand as if the reader has not had an introductory statistics course. This is the part of the lab work that makes it "harder" than a homework problem, since you have to explain the statistical concepts in your own words.  There will be 5 of these assignments during the semester. Each will be graded out of 10 points, and in total, they account for 10% of your final grade.

The Data/Setting: Cleveland Clinic Heart Disease Data Set (see last page for details)
Note: Many of the variables are numerically coded categorical variables - so you have to convert them to factor variables. See the lab on the basics of R/Rcmdr if you forget how to do this.
	
	Assignment
	Date Due

	1
	Perform an exploratory preliminary data analysis on the data set. You will need to read the data set description, and then determine what type of variable each variable is, and treat the variables appropriately in Rcmdr. Then, you are to compare and contrast either the sexes or patients diagnosed with/without heart disease in terms of at least 2 other variables (one categorical, one quantitative at a minimum) using appropriate graphical and descriptive methods. You must justify your choice of methods (i.e. why graph X over graph Y, mean vs. median, etc.). Also, you must report at least one standard deviation relevant to your comparison along with an interpretation of that value.

Note: To generate a contingency table in Rcmdr after designating variables as factors (i.e. categorical), go to Statistics>Contingency Tables>Two-Way Table. Select your row and column variables, and turn OFF the independence test option. Then select ok. 
	Assigned:

1/31

Due:

2/14

	2
	A new intern in the clinic is interested in the distribution of thalach (maximum heart rate achieved), and has some related questions. First, help the intern by describing the distribution of thalach. Now, suppose we treat our sample as a population of patients (so treat the sample mean as the population mean, etc.). The intern wants to compare Alex and Bob, two male patients, in terms of their thalach. Alex has a thalach of 172 and Bob has a thalach of 136. Which patient has the more "extreme" thalach? Show work to support your answer and explain your calculation. Finally, the intern wants to know how likely an average thalach value of 143 or less is for a group of 50 patients. Help the intern figure out this probability, explaining and showing your calculations, and name and state the result that allows you to compute this probability. What shape would you expect a histogram of a sample of 50 patients’ thalach values to have? What shape would you expect a histogram of multiple sample average of 50 patients’ thalach values to have, if many samples of size 50 were taken, and the sample averages plotted?
	Assigned:

2/21

Due:

2/28

	
	Assignment
	Date Due

	3
	The curious intern is now interested in resting blood pressure (Trestbps). The intern believes that any values over 120 should be treated as abnormally high, and wants to know if heart disease patients have values over 120 on average. Set up an appropriate analysis, with a significance level of .01, following all steps, and stating/checking appropriate conditions. Provide an interpretation of one mechanics component and a conclusion. Finally, provide back up for your conclusion by providing a range of values where it is reasonable for an average heart disease patient's trestbps to fall, based on the data, and explain why this interval is support for your conclusion, as well as interpreting the confidence level you chose. You should complete the analysis for practice even if you have concerns about conditions, but be sure to state any concerns you have!
	Assigned:

3/21

Due:

3/28

	4
	The intern is back with a new question. She wants to know if there are differences between the five heart disease diagnosis (Diagnosis) groups in terms of average maximum heart rate achieved (Thalach). Describe an appropriate analysis in a paragraph. Then, using only side-by-side boxplots to check conditions, perform that analysis, summarize your findings, and report a conclusion, as well as locate and summarize any differences that exist. Explain what mistake you could have made, if your conclusion was incorrect, and provide an estimate of the common population standard deviation of thalach. You should complete the analysis for practice even if you have concerns about conditions, but be sure to state any concerns you have!  Finally, the intern wants to know what the appropriate procedure to perform would have been if she had just been curious about whether a difference existed between patients with and without heart disease in terms of their thalach. What procedure would you have recommended? Why?
	Assigned:

4/6
Due:

4/13

	5
	The intern is returning to you, her by now well respected statistical consultant, for help with one last issue. She wants to use age to try to predict maximum heart rate achieved (thalach), so that the patients won't have to go through the exercise regimen at the hospital. Describe the relationship between age and thalach. Then, provide an appropriate analysis, checking conditions, reporting a regression line, and interpreting the slope. Is it reasonable to interpret the intercept in this case? Explain. Is age a significant predictor of thalach? Explain. How well does the regression line fit? How can you tell? Finally, provide a recommendation to the intern. Would you suggest she use age to predict thalach so patients don't need to do the exercise regimen at the hosptial? Why?
	Assigned:

4/15
Due:

4/27


An example assignment (data set not provided): 

Setting: The Roosevelt National Forest has 4 wilderness areas (Neota, Rawah, Comanche Peak, and Cache La Poudre) which have been subdivided into many units and different properties of the units (elevation, slope, distance to fire ignition points, and soil types) have been collected. Each assignment focuses on different wilderness areas and variables. 

Compare and contrast all four wilderness areas in terms of the frequency of a soil type from the Catamount family (recorded as 0 or 1 per site for absence/presence) and in terms of hillshade index at noon using appropriate graphical and descriptive methods. Explain how at least one graph you used is constructed.  You should justify your choice of methods for the hillshade variable (i.e. why graph X over graph Y, mean vs. median, etc.). Observations in the data set are 500 randomly selected values from each wilderness area.
An example solution is posted on the course website.
(Partial) Cleveland Clinic Heart Disease Data Set Description

This data set concerns heart disease diagnosis. All variables are numerically coded, even though some are truly categorical. The data was collected from the Cleveland Clinic Foundation. We will assume that this is a representative sample of patients admitted to hospitals for possible heart disease treatment. They underwent some controlled exercise in the hospital to take some of these measurements.
Variables: Age - age in years      

 Sex - sex (1=male and 0=female)      

 Cp - chest pain type (1=typical angina, 2=atypical angina, 3=non-anginal pain, 4=asymptomatic)        

 Trestbps - resting blood pressure (in mm Hg on admission to the hospital)
 Chol - serum cholesterol in mg/dl      

 Fbs - indicator of whether fasting blood sugar was > 120 mg/dl (1=yes, 0=no)        

 Restecg  - resting electrocardiographic results (0=normal, 1=ST-T wave abnormality, 2= probable or definite left ventricular hypertrophy)

Thalach - maximum heart rate achieved  

 Exang - indicator of whether the angina is exercise induced (1=yes, 0=no)
 Oldpeak - ST depression induced by exercise relative to rest  

 Slope - the slope of the peak exercise ST segment (1=upsloping, 2=flat, 3=downsloping)    

 CA - number of major vessels colored by fluoroscopy        

 Thal - summary of heart condition (3=normal, 6=fixed defect, 7=reversible defect)     

Diagnosis - diagnosis of heart disease (0=no disease, values 1-4 indicate increasingly severe disease)

YNDiag - indicator of diagnosis of heart disease(0=no disease, 1= disease (i.e. Diagnosis 1-4))  
Some terms it might help to know (from Medicine.net and Wikipedia descriptions):

Angina (angina pectoris - Latin for squeezing of the chest) is chest discomfort that occurs when there is a decreased blood oxygen supply to an area of the heart muscle. In most cases, the lack of blood supply is due to a narrowing of the coronary arteries as a result of arteriosclerosis.
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Fluoroscopy is an imaging technique commonly used by physicians to obtain real-time moving images of the internal structures of a patient through the use of a fluoroscope.
Sinus Rhythm and ECG
Sinus rhythm is a term used in medicine to describe the normal beating of the heart, as measured by an electrocardiogram (ECG). It has certain generic features that serve as hallmarks for comparison with normal ECGs. There are typically six distinct waves  (identified by the letters P, Q, R, S, T, and U) in a single beat of the heart in sinus rhythm, and they occur in a specific order, over specific periods of time, with specific relative sizes. While there is a significant range within which variations in rhythm are considered normal, anything that deviates from sinus rhythm by more than a certain amount may be indicative of heart disease. 
Left ventricular hypertrophy (LVH) is the thickening of the myocardium (muscle) of the left ventricle of the heart. While ventricular hypertrophy occurs naturally as a reaction to aerobic exercise and strength training, it is most frequently referred to as a pathological reaction to cardiovascular disease, or high blood pressure. While LVH itself is not a disease, it is usually a marker for disease involving the heart. 
