| 1 Overview: Statistical Inference, Samples,
Populations, and Experimental Design

-Use of Scientific Data
-Variability in Scientific Data '\L
-The Role of Probability
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Example 1.2
Often the nature of the scientific study will dictate the role that probability and
deductive reasoning play in statistical inference. Exercise 9.40 on page 297
provides data associated with a study conducted at the V 1rg1na Polytechnic
Institute and State University on the development, of a relationship between the
- & roots of trees and the action of a fungus. Minerals are transferred from the fungus
i {o the trees and sugars from the trees to the fungus. Two samples of 10 northern
O);A red oak seedlings are planted in a greenhouse, one containing seedlings treated
with nitrogen and one containing no nitrogen. All other environmental conditions
are held constant. All seedlings contain the fungus Pisolithus tinctorus. More
details are supplied in Chapter 9. The stem weights in grams were recorded after

the end of 140 days. The data are given in Table 1.1.
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Table 1.1: Data Set for Example 12
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* On average, the use of nitrogen increases the
stem Welght. ol SEW G)s G w7 gy @slp |

o N?trogen is effective but ,how can this be
quantified. ¢
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1.3 Sampling Procedures; Collection of Data
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Example 1.3:1 A corrosion study E«/as made in order to determine whetﬁer
corrosion of an aluminum metal coated with a corrosion retardati o
Coated araation substance \_C.xk)\i 39

reduced the amount of corrosion. The coating is a protectant that is advertised to

minimize fatigue damage in this type of material. Also of interest is the influence of % JU‘?M
’ w «humidity on the amount of corrosion. A corrosion measurement can be expressed i l})’“ =
5.1);}’)5\ in tho.usands of EYEI?S to failure. Two levels of coating, no coating and chemical ) _Le <
corrqsnon co:fiting, were used. Ip addition, the two relative humidity levels are 20% \}5 <Ol
relative humidity and_TB_(I’/i relative humidity. ; e v L, ¢ d{‘}\h
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Data Analysis S aag i
Measures | 3

Tl (oo

Measures of center of LOC§IOH (Central Tendency) Measures of variability (Dispersion)

(where the data c sample)
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Other methods of quantifying the center of f”“
location: \ D\

[Trimmed mean 2 ds By,

“trimming away” a certain percent of both the
largest and smallest set of values)
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1 4 Measures of Location: The Sample Mean ang

Median
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Definition 1.1: | Suppose that the observations in a sample are &y, r2.. ..
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Detinition 1.2: | Given that the observations in a sample are ry, 2. .. .- v, . arranged in 44
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As an example. suppose the data set is the following: L7, 2.2, 3.9, 3.11, and

-
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14.7. The sample mean and median are, respectively.
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Clearlv. the mean is influenced considerably by the presence of the extreme obser-
vation. 14.7. whereas the median places emphasis on the true “center” of the data
set. In the case of the two-sample data set of Example 1.2, the two measures of
central tendency for the individual samples are

AV~ T (no nitrogen) = 0.399 gram,
: , 0.38 + 0.42
wme oy T (no nitrogen) = : = 0.400 gram,
i (nitrogen) = 0.565 gram, =
it 0.49 + 0.52 |
MeaV) & (nitrogen) = 5 = 0.505 gram.
V“’/U"%C\ A < X = 0.565
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Figure 1.4: Sample mean as a centroid of the with-mtrogen stem weight.
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Other Measures of Locations Jod de 8Bl @
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e.g., in computing 10% trimmed mean, we cancel
the highest 10% and the lowers 10% of our data
-Benefit: 7 %o

1)Having a mean close to median doio: A 3@\1 (j;l;
2) Reduce the effect of very high and very low = s, -4

value

size 1s 10 tor each sample. So for the without-nitrogen group the 10%¢ trimmed
mean is given by

< 032+ 03740474+ 0.43 +0.36 + 0.42 + 0.38 + 0.43 et
Ltre10) = 2 = 039750

and for the 109 trimmed mean for the with-nitrogen group we have

———

¢ 0.43 4+ 0474049+ 0.52+0.75+ 0.79 + 0.62+ 0.46
14°tr(10) = = ).56625.
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** Trimmed Mean for No-Nitrogen

No-Nitrogen Nitrogen
0.28 0.26
e 0.32 0.43
Tiyi10y = 0.32+0.36+0.37+0.38+0.42+0.43+0.43+0.47
0.36 0.46
0.37 0.47 8
0.38 0.49 = 0.3975
0.42 0.52
0.43 0.62
o 90 ** Trimmed Mean for Nitrogen
T 0.47 0.79
e 06 Tir(10) = 0.43+0.46+0.47+0.49+0.52+0.62+0.75+0.79
8
m \ e e o = 0.56625
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The trimmed means are close to both thelmean and median for the individual samples

—

ar® eliminated apart from the middle one or two observations.

(Trimmed mean is more insem@othan the sample mean but not as (nsensiti\@

as the median. ass s\ (o vt

6T The sample median is a special case of the trimmed mean in which all of the sam

ple data

wear

Measures of Variability
-Range
- Variance and Standard deviation

Range = Xmax — . et

The sample variance. denoted by s2, 1s given by P olu (af | OU
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The sample standard deviation. denoted by s. 1s the positive square root of
p) p

s*. that 1s,
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Apie 1ol In an example discussed extensively in Chapter 10,
testing the “biac” ; an engineer is interested in
¢sting the "bias” mn a pH meter. Data are collec ted on

the meter by measuring
the pH of a neutral substance | (pH = 7.0).

\ ‘\dll]]}]t Of n]/( 10 1S 1 ake . with results

given by
107 7.00 7.10 6.97 7.00 7.03 7.01 7.01 G.98 708
The sample mean ris given by ( I-.( gJ RS ;'f / \J i "‘H O\ &
_ | o pe
(O7T +7.00 4+ 7.10 4 5+ 4. 7.08 O3 oo\ J U
o= = 7.0)250, (&L
10 o - -8 d j <

. N 5
The sample variance s? is piven bv

) I y 1
ST = Al U7 — [])F}l" —+ (.‘.”“— ;,“:_"‘.-J)" - (._]f] — .r,“‘);',)“
\5_7 -"" & }

+ -+ + (7.08 — 7.025)%] = 0.001939.

As a result, the sample standard deviation is given by

S | P

s = v0.001939 = 0.044.

50 the sample standard deviation is 0.0440 with n — 1 = 9|degrees of freedom. |
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Statistical Modeling, Scientific Inspectlon and
Graphical Diagnostics of L .,\,p.\
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1) Scatter Plot - HAatstics

At times the model postulated may take on a somewhat complicated form. Consider,
for example, a textile manufacturer who designs an experiment where cloth specimen
that contain various percentages of cotton are produced. Consider the data in Table

1.3
Table 1.3: Tensile Strength (-)\_Qp Q:_M '\Va_s DJ\‘».D Z:..Ag__) Z:»/L&ﬂ

Cotton Percentage Tensile Strength

15 % 7 9.8 10
20) 19, 20. 21 9029
25 21, 2117, 1890
30 8 7 8.9 10
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2) Stem-and-Leaf Plot (}/) 1> uh—?) \

e.g., To illustrate the construction of a stem-and-leaf plot, consider the data of Table
1.4, which specifies the “life” of 40 similar car batteries recorded to the nearest tenth

of a year. 5)M%)Lb\| SWLEN
Table 14: Car Battery Life 75
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