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CHE384 Data to Decisions, Fall, 2018, Chris A. Mack

Final Exam
open book, open notes, calculators and laptops allowed, no internet other than course website

On the following pages you’ll find a “Lab Report” submitted by an early career chemical
engineer to their boss. In this report there are at least 12 major statistical blunders, either in how
the statistics were performed, or in how the statistical results were communicated. On the lab
report, circle each major mistake you find and explain how it should have been done properly.
List the 10 most significant ones here in summary:

1.

2.
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In addition to the at least 10 mistakes, there are a number of important statistical results,
analyses, or tests that have been left out. Can you find 4 important tests that should have been
performed or results that should have been reported (different than what was discussed in your
list of 10 mistakes above)? List them here:

1.

2.

(There are probably a few minor mistakes as well. Don’t worry about grammar or areas where
the writing or graphing could be improved. Look for flaws in reasoning or execution.)



Confidential: StoneAge Research, Inc.

December 17, 2018

To properly model fluid flow and calibrate the flow meters in our newest product, the
StonePounder 2000, we require a highly accurate model for the viscosity of straight-chain
hydrocarbons. Based on prior research, we feel confident that a model that uses the number of
carbon atoms in the hydrocarbon will be sufficient as a predictor variable. A polynomial model
was chosen to be the best because it is amenable to ordinary least squares regression (OLS),
which is well known to produce the best modeling results. The experimental data we collected is

as follows:

Name # Carbons  Viscosity (uP)
propane 3 0.099
butane 4 0.168
pentane 5 0.245
hexane 6 0.296
heptane 7 0.39
octane 8 0.511
nonane 9 0.672
decane 10 0.863
undecane 11 1.1
dodecane 12 1.39
tridecane 13 1.72
tetradecane 14 2.11
pentadecane 15 2.56
hexadecane 16 3.06
heptadecane 17 3.61

(Measurements followed standard company procedure, as documented in my prior report.)

The data and the best-fit OLS model (3" order polynomial) are presented in the following graph:
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To test the appropriateness of the model, we first plot the residuals.
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Attempts to use a lower order polynomial produced excessively high residuals, and higher order
polynomials did not significantly improve the fit, so the third order polynomial was determined

to be the best model to use.



To determine the validity of the OLS model, some tests were performed on the residuals. A
Shapiro-Wilks test on the residuals provided a p-value of 0.24, proving that the residuals were
normally distributed. No statistical outliers were found, confirming the quality of the data used

to calibrate the model.

To assess influence, the leverage and Cooks Distance were calculated for each residual. An
influential data point was discovered, corresponding to propane, with high leverage and a large
residual. As a result, that data point was removed from the data set and a new model was

developed:
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The large changes in the model coefficients with the propane data point removed shows that it is

highly influential.

Based on these modeling results, I am confident that our new model will meet the requirements

for its use in the StonePounder 2000.



