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Introduction
In engineering, measurements of univariate data and its statistics are essential in the field. It therefore becomes crucial that engineers possess the skills necessary to obtain single variable measurements and understand the statistical nature of this univariate data. Therefore, a report was made to determine the probability that plastic knobs made by a company will be made within the acceptable dimensions.
Materials and Methods


A day’s production of the plastic knobs are sample. The measurements of these knobs are all recorded. A table of frequency and a histogram is then made out of this data. Then, the mean, variance, standard deviation, standard error as well as a 90% confidence interval for the population mean is then calculated. Then two estimates for the fraction of knobs that will be within the acceptable range are provided. The mean and standard deviation are then used to generate a random set of data using Excel’s random number generator and a normal distribution on this random set of data is made and analysed. Lastly the results are then compared and conclusion are made.
Results and Discussion
Results of the sampling are the following (see table 3 in appendices): The mean of the sampling calculated manually and by Excel was 140.0 thou. The random normal distribution resulted in a mean of 140.1 thou. The sample variance caluated manually and by Excel was 15.13 thou. The random normal distribution resulted in a variance of 16.12 thou. The sample standard deviation calculated manually and by Excel was 3.890 thou. The random normal distribution resulted in a standard deviation of 4.015 thou. The standard error of the sampling calculated manually and by Excel was 0.5799 thou. The random normal distribution resulted in a standard error of 0.5986 thou. The confidence level at 90% for the population mean done manually was 140.0 thou ± 0.9539 and done on Excel was 140.0 thou ± 0.9744. The random normal distribution resulted in a confidence level at 90% for the population mean of 140.1 thou ± 1.006. The histogram has a shape that is normal. There is no obvious outliers but it has 4 outliers slightly below the acceptable range and 9 outliers slightly above the acceptable range. If an additional measurement of 0.114 given in step 3 was recorded, this would be an obvious outlier as 0.114 is far from the acceptable range of 0.137. When comparing the results only one difference is found between the calculations done manually and by Excel. On Excel the 90% confidence interval for the population mean was 140.0 thou ± 0.9744 and when done manually it was found to be 140.0 thou ± 0.9539. This is most likely due to rounding errors in the calculations. When comparing the sample data with the random normal distribution data, many differences are found apart from the mean which is very close (difference of 0.1). This is due to the fact that the numbers in the random normal distribution are completely random and different from the sample data, therefore the results are guaranteed to be different. 32/45 of the knobs sampled were in the accepted range. Nearly 1/3 of the knobs sampled are not acceptable, this is a bad statistic and the production process should be improved to minimize this.
Conclusions
The data that was obtained from the mean (140.0), confidence level (140.0 ± 0.9539) and the deviations shows that the objective was completed as all these value are in the acceptable range. Overall 32 out of 45 of the sampled knobs are in this range. This lab shows how crucial unvariable data and it’s statistics are. Taking everything into account, this lab demonstrates possible real life use of statistics on measurements and the mean, deviation, variance and confidence levels of these measurements.
APPENDIces
Tables and Figures
Table 1 – Sample Data

	Dimensions expressed in 10^-3 inch

	Batch #
	1
	2
	3
	 

	1
	138
	145
	138
	 

	2
	141
	135
	136
	 

	3
	140
	144
	137
	 

	4
	137
	138
	141
	 

	5
	139
	145
	136
	 

	6
	137
	142
	141
	 

	7
	132
	141
	146
	 

	8
	138
	144
	137
	 

	9
	140
	137
	141
	 

	10
	135
	149
	138
	 

	11
	137
	142
	141
	 

	12
	140
	141
	138
	 

	13
	138
	149
	134
	 

	14
	138
	140
	144
	 

	15
	141
	142
	149
	 




Table 2 – Frequency table of sample data

	Table
	Bounds
	Frequency (n)

	133
	0 < x < 133
	1

	135
	133 < x < 135
	3

	137
	135 < x < 137
	8

	139
	137 < x < 139
	9

	141
	139 < x < 141
	12

	143
	141 < x < 143
	3

	145
	143 < x < 145
	5

	147
	145 < x < 147
	1

	147+
	147< x < ∞
	3

	∑n
	
	45


Table 3 – Frequency Histogram (Sample Data)
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Table 4 - List of Random Numbers

	134.2839

	141.0106

	140.4868

	138.7795

	140.7992

	138.2972

	137.1014

	144.6405

	148.2258

	141.0232

	134.8575

	143.0092

	136.2118

	139.0284

	144.3623

	139.0748

	134.3715

	139.1664

	138.0706

	140.0690

	145.7190

	135.5252

	134.5971

	136.9539

	138.9184

	144.6477

	141.8263

	148.2204

	144.8187

	140.0776

	142.2709

	137.1303

	143.6409

	139.3426

	141.1723

	129.0307

	141.3593

	147.1937

	146.9778

	139.6238

	140.9279

	141.6846

	140.7000

	138.6752

	138.2457


Table 5 – Frequency Table of random numbers generated

	Table 
	Bounds
	Frequency (n)

	133
	0 < x < 133
	1

	135
	133 < x < 135
	4

	137
	135 < x < 137
	3

	139
	137 < x < 139
	8

	141
	139 < x < 141
	11

	143
	141 < x < 143
	7

	145
	143 < x < 145
	6

	147
	145 < x < 147
	2

	147+
	147 < x < ∞
	3

	∑n
	
	45


Table 6 – Frequency histogram (random number generated)
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Table 7 – Summary Table

	
	Production Record Sheet
	Random Number Distribution

	
	Manual
	Excel
	Excel or Manual

	Mean
	140.0 thou
	140.0 thou
	140.1 thou

	Sample Variance
	15.13 thou
	15.13 thou
	16.12 thou

	Sample St. Dev.
	3.890 thou
	3.890 thou
	4.015 thou

	Standard Error
	0.5799 thou
	0.5799 thou
	0.5986 thou

	Confidence Level (90%)
	140.0 thou ± 0.9539
	140.0 thou ± 0.9744
	140.1 thou ± 1.006


Sample Calulcations
Mean (manual):
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(138+141+140+137+139+137+132+138+140+135+137+140+138+138+141+145+135+144+138+145+142+141+144+137+149+142+141+149+140+142+138+136+137+141+136+141+146+137+141+138+141+138+134+144+149)/45
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6302 / 45
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140.0444
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140.0 (thousand of an inch)
Sample Variance (Manual):
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S2 =  (1/45-1)[( 138-140.0444)2 +(141-140.0444)2 +(140-140.0444)2 +(137-140.0444)2 +(139-140.0444)2 +(137-140.0444)2 +(132-140.0444)2 +(138-140.0444)2 +(140-140.0444)2 +(135-140.0444)2 +(137-140.0444)2 +(140-140.0444)2 +(138-140.0444)2 +(138-140.0444)2 +141-140.0444)2 +(145-140.0444)2 +(135-140.0444)2 +(144-140.0444)2 +(138-140.0444)2 +(145-140.0444)2 +(142-140.0444)2 +(141-140.0444)2 +(144-140.0444)2 +(137-140.0444)2 +(149-140.0444)2 +(142-140.0444)2 +(141-140.0444)2 +(149-140.0444)2 +(140-140.0444)2 +(142-140.0444)2 +(138-140.0444)2 +(136-140.0444)2 +(137-140.0444)2 +(141-140.0444)2 +(136-140.0444)2 +(141-140.0444)2 +(146-140.0444)2 +(137-140.0444)2 +(141-140.0444)2 +(138-140.0444)2 +(141-140.0444)2 +(138-140.0444)2 +(134-140.0444)2 +(144-140.0444)2 +(149-140.0444)2]

S2 = (1/44)(665.9111)
S2 = 15.13434318

S2 = 15.13 (thousand of an inch)
Sample Standard Deviation (Manual):
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S = ([(138-140.0444)2 +(141-140.0444)2 +(140-140.0444)2 +(137-140.0444)2 +(139-140.0444)2 +(137-140.0444)2 +(132-140.0444)2 +(138-140.0444)2 +(140-140.0444)2 +(135-140.0444)2 +(137-140.0444)2 +(140-140.0444)2 +(138-140.0444)2 +(138-140.0444)2 +141-140.0444)2 +(145-140.0444)2 +(135-140.0444)2 +(144-140.0444)2 +(138-140.0444)2 +(145-140.0444)2 +(142-140.0444)2 +(141-140.0444)2 +(144-140.0444)2 +(137-140.0444)2 +(149-140.0444)2 +(142-140.0444)2 +(141-140.0444)2 +(149-140.0444)2 +(140-140.0444)2 +(142-140.0444)2 +(138-140.0444)2 +(136-140.0444)2 +(137-140.0444)2 +(141-140.0444)2 +(136-140.0444)2 +(141-140.0444)2 +(146-140.0444)2 +(137-140.0444)2 +(141-140.0444)2 +(138-140.0444)2 +(141-140.0444)2 +(138-140.0444)2 +(134-140.0444)2 +(144-140.0444)2 +(149-140.0444)2]/(45-1))1/2
S = (665.9111/44)1/2
S = (15.13434318)1/2
S = 3.890288316

S = 3.890 (thousand of an inch)
Standard Error (Manual):
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        =  3.890288316/(451/2)

        = 3.890288316/6.708203932

        = 0.579929942

        = 0.5799 (thousand of an inch)
Confidence Level (Manual):

90%:
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         = 140.0 thou ± (1.645)(0.5799)

         = 140.0 thou ± 0.9539355

         = 140.0 thou ± 0.9539

95%:

Estimate:
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= 32/45 ± (1.96)[(32/45(1-32/45))/45]1/2
= 32/45 ± 0.132429264

= 0.7111 ± 0.1324
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         = 140.0 thou ± (1.96)(0.5799)

         = 140.0 thou ± 1.136604

         = 140.0 thou ± 1.137
99%:
Estimate
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=  32/45 ± (2.58)[(32/45(1-32/45))/45]1/2

= 32/45 ± 0.174320154

= 0.7111 ± 0.1743
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         = 140.0 thou ± (2.58)(0.5799)

         = 140.0 thou ± 1.496142

         = 140.0 thou ± 1.496
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