Introduction to Basic Statistical Computations

Laboratory Experiment #1

MET231 Laboratory

Revised fall 2005

Report Requirement
Create an individual memorandum style report after the completion of the Basic Statistical Computations study.  This report is due the day of the next scheduled laboratory period.  Do not provide a hardcopy of the report.  Submit the report to the Digital Archive.
Objectives of Experiment #1

· Engineers are frequently asked to compute various statistical functions for a set of single variable measurements.  These data often fit within a Normal or Gaussian distribution function.  What does this mean?
· Apply statistical measures for two example problems – data provided.

· Self Study:  Look up and write a paragraph on the concept of “the level of significance.”
Introduction


The objective of this laboratory is to begin using basic statistical functions. Engineers are frequently asked to compute statistical values for a set of single variable measurements, which fit within a Normal distribution function.  A limited discussion of statistics and these functions is presented in your textbook.
  Of primary interest are the Mean
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The formal definition of the Gaussian (Normal) distribution function is:  
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 where the variables a, b and c make f(x) a frequency function, and the variable c must force the area under the curve to unity.  Hoel
 derives the values of a, b and c for the above function giving:
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 EMBED Equation.3  [image: image7.wmf], which is a useful form for engineering data.
The formal definitions of Mode, Mean, Variance and Standard Deviation follow:


Mode:  The most frequently appearing numbering the data set.

Mean:  The first moment about the origin as a measure of location is called the mean and is usually denoted by 

  The calculation of the mean involves using the relationship: 

.  If the data has not been classified, xi defines the ith observation, fi is equal to one and h is equal to n (the total number of observations).


Variance:  The second moment about the mean of an empirical frequency distribution is: 
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.  Depending on where in the literature one looks, the variance of the data is also defined as s2 or (2.
Standard Deviation:  The standard deviation is often donated in the literature by s or  and is defined as the 

  
Laboratory Assignment -- apply statistical measures
Problem 1

From data in ExcelWorkbook (save time and use this link to an Excel Workbook) construct a histogram, and compute the mode, mean, median and standard deviation for the data set. 
Table 1.  Classified experimental data demonstrating class boundaries, frequencies, and class marks.  After Hoel.

[image: image9.png]Tantr 1

Class boundarics Frequencies Class marks: » | Frequencies: f
0430504355 0433 2
4355 4405 438 s
aa05- 4455 413 7
4455 4305 ais I
4505 4555 it 51 19
4555~ 4605 | 5 150 I 458 7
4605 4655 | 57 LI 163 2
4655 4305 | ) I ¢ 468 25
705 4755 73 2
4755 4305 a7 14
4805~ 4855 83 15
4855 4905 488 9
4905 4955 03 6
4955 5005 08 4
so0s- 5085 | 503 2





Fit the Gaussian distribution function to the histogram generated with the Table I data.  Provide in the report a single graph these two results.  The figure should look like Figure 1 below.
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Figure 1.  Comparison of Histogram illustrating the data in Table I and the computed Normal distribution function.
Problem 2

From the data set provided in Table2 generate a graph of individual measurement sets, a graph of the means, and a graph of the range.  

Table 2.  These data are statistical process control data collected to evaluate a manufacturing process.  There are 20 sets of five measurements.  Each sample set represents one hour of operation.  Five sheets of lithographic paper are pulled and measured during each hour.  Four hours per day are used to maintain the machine.  After Oakland.
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Draw any conclusions deemed significant from your computations.  It is suggested that self-study of statistical functions will be helpful.

Problem 3

The following data represent hardness measurements (Rockwell B scale) taken on a copper alloy after annealing (heating) at the given temperatures.  Six measurements were taken on the sample at each temperature.  
Table 3.  These data represent hardness measurements taken on a copper alloy after annealing at various temperatures for 1 hour.  Six hardness measurements were taken at each temperature.  
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Using the data in Table 3, do the following:


-Calculate the average hardness and standard deviation at each temperature. 


-Using an x-y scatter plot on Excel, plot the average hardness (y-axis) vs. annealing temperature (x-axis).  Use Excel to plot y-error bars which show the standard deviation of each measurement.  Comment on any trends you might see.
Concept of “the level of significance”

Research this subject in statistics.  In your laboratory report include a paragraph defining in your own words the concept of “the level of significance.”  Later this semester you or your team will compare your material property measurements to those from other groups in the class and/or previous semesters.  
Provide an Individual Memorandum Report (Read Report Writing Instructions) 

· Provide a brief statement of the problem. 
· Provide a summary of your computations and an analysis of the results.  Include figures and tables in this section.
· Discuss the meaning of the first moment about the origin of measure (mean), and the second moment about the mean of an empirical frequency distribution (standard deviation). Specifically what percentage of the sample set is represented by 1(, 2( and 6(.  When buying and selling manufactured parts throughout the world, the minimum precision of the manufactured parts must be
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.  What does this mean?
· Discuss the importance of  “the level of significance” in the engineering design.
� William D. Callister, Jr.: Materials Science and Engineering  - An Introduction, 7th edition, McGraw-Hill, New York, NY, 2000, p. 161-162.


� Paul G. Hoel: Introduction to Mathematical Statistics, third edition, John Wiley & sons, Inc., 1962, p.98-102.


� Paul G. Hoel: Introduction to Mathematical Statistics, third edition, John Wiley & sons, Inc., 1962, p.67.


� John S. Oakland: Statistical Process Control, John Wiley & sons, Inc., 1986, p.107.
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