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Introduction
The objective of this report is to discuss and analyse the probability that the production process will produce knobs within the acceptable range. This report will examine and discuss 45 provided measurements of a dimension on a knob. A histogram and a table will be used to analyse the probability of the production of knobs being within the accepted values (0.137"≤ acceptable ≤ 0.143"). The sample variance, sample mean, sample standard deviation, standard error, and the 90% confidence interval for the population mean will also be presented in the report. These values will also be produced by Microsoft Excel. The proportion of acceptable knobs along with the 95% and 99% confidence range was also determined (estimated) within the report (2 estimates, 1 for each percentage).
Methods
A histogram was created using Microsoft excel in order to display the frequencies that were calculated from the dimensions. This was done in order of every 2 subsequent numbers. The sample variance, sample mean, sample standard deviation, standard error, and the 90% confidence interval for the population mean were calculated by hand (then typed into report) and by automated process within Microsoft Excel. After the values were calculated using both methods, the values of each method were compared and determined to be similar. The 2 estimates of the proportion of acceptable knobs along with their confidence ranges were calculated by hand and then typed into the report.    
Results
The sample mean was calculated to be 139.7 thousands of an inch. The sample standard deviation was found to be 3.552 and the standard error was found to be 0.5295. The measurement of 0.115” reported in step 3 was determined to be an outlier after careful examination because it clearly deviates from the rest of the data and also because it does not lie in between 99% of the other values.
Discussion
The automated calculations done by excel provided values that were practically identical to the values produced by hand calculations because no rounding was done until the final answer. Only the standard error and the 90% confidence interval differed, they differed by 0.0001 and 0.0002 respectively. The randomly generated values had a greater sample mean (greater by 0.4 thousands of an inch) however, the sample variance, standard deviation, standard error, and 90% confidence interval were consistently smaller than the corresponding results for the actual values. This difference can be minimized by increasing the number of measurements in the given sample. The proportion of knobs that fit was 32 out of 45 (approximately 71%). As a result 13 knobs do not lie within the accepted range. 71% of the knobs being within the accepted range results in an increased production cost and a decreased efficiency. The production process is fairly efficient however, in a real world situation, an increase in efficiency may be desired to decrease production costs (there is room for improvement of the efficiency of the production).   
Conclusions
Microsoft excel completed the calculations in a fraction of the time it took to calculate them by hand. The results produced by excel were also more accurate as well as more organized. The measurement values seem acceptable. The production process has an acceptable efficiency of 71% of the knobs being within the accepted range. However, there is defiantly room for improvement. The objective of this report was clearly achieved and can be proven by referring to the relativity histogram and proportion of acceptable knob calculations.  
APPENDIces- Figures, Tables, and Calculations
1. Figure 1: Relative frequency histogram


Table 1: Dimension Frequency Table
	Bin
	Frequency
	Relative Frequency

	0<x≤133
	1
	0.02222

	133<x≤135
	3
	0.06667

	135<x≤137
	9
	0.2000

	137<x≤139
	12
	0.2667

	139<x≤141
	8
	0.1777

	141<x≤143
	5
	0.1111

	143<x≤145
	4
	0.08889

	145<x≤147
	2
	0.04444

	147<x≤149
	1
	0.02222



2. The shape of the obtained distribution is a right skewed distribution. The sample doesn’t seem to contain any obvious outliers because none of the points deviate extraordinarily from the rest. 

3. The measurement of 0.115” would be considered an obvious outlier because it clearly deviates from the rest of the data. Also, this measurement does not lie in between 99% of the data. This specific measurement would require further investigation to determine whether or not there is a gross error.

4. a) 
This value is equal to the sample mean of all 45 dimensions in the sample. Excel produced a value of 139.7 thousands of an inch.

b)     


The sample variance was calculated by dividing the summation of (Xi-)2 by the number of samples minus 1  (n-1). Where Xi is a dimension and  is the sample mean calculated above. The standard deviation was calculated by finding the square root of the sample variance. The sample variance was calculated to be 12.62 and the standard deviation was calculated to be 3.552. Excel provided identical values for both the sample variance and standard deviation.

c)     


The standard error can be calculated by dividing the standard deviation by the square root of the number of samples (n). The standard error was calculated to be 0.5295. Excel provided an almost identical value of 0.5296 (0.52955).

d) The 90% confidence interval for the population mean is equal to:

So the 90% confidence interval for the population mean is 139.7 ± 0.8896. Excel provided an almost identical value of 139.7 ± 0.8898.

6. a) Seeing that the acceptable knobs fall within the range 0.137"≤ acceptable ≤ 0.143", there 32 acceptable knobs out of 45.


         32 is greater than 5.

 =   
Approximately 71% of the measurements are acceptable with 13 percentage points for 95% confidence

b) 
 =   
Approximately 71% of the measurements are acceptable with 17 percentage points for 99% confidence

7.
Table 2 Summary Table: Excel Data Analysis
	Sample Statistic
	Result via Equation
	Result via MS Excel
	Random Normal Distribution using Excel with Seed (ST # 556)

	Mean
	139.7
	139.7	
	140.1

	Sample Variance
	12.62
	12.62
	9.545

	Sample Standard Deviation
	3.552
	3.552
	3.089

	Standard Error
	0.5295
	0.5296
	0.4605

	Population mean with 90% confidence Interval
	139.7 ± 0.8896
	139.7 ± 0.8898
	140.1 ± 0.7738





Table 3: Randomly Generated Dimensions
	RND Measurement #
	Random Value

	1
	134.073152

	2
	140.7116874

	3
	142.2473176

	4
	138.5703015

	5
	137.6884731

	6
	147.707632

	7
	134.3677436

	8
	137.9981755

	9
	139.5560841

	10
	140.7403018

	11
	141.2527358

	12
	140.6453647

	13
	141.3841697

	14
	142.2420518

	15
	136.4258143

	16
	141.308535

	17
	137.9850596

	18
	139.1383247

	19
	136.0894358

	20
	140.685399

	21
	138.1946641

	22
	141.0714225

	23
	139.065016

	24
	142.853889

	25
	138.266301

	26
	141.3939057

	27
	139.1639024

	28
	140.8231284

	29
	143.4604525

	30
	143.7728362

	31
	148.6269748

	32
	141.1795119

	33
	138.8393962

	34
	146.0546046

	35
	138.388108

	36
	136.3911669

	37
	140.6186443

	38
	139.9200997

	39
	134.6077393

	40
	136.6479936

	41
	143.0808011

	42
	139.8781877

	43
	139.3274639

	44
	142.0047213

	45
	141.6774852
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