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|
Definition of Statistics

@ Statistics: Area of science concerned with the extraction of
information from numerical data and its use in making inference
about a population using data obtained from a sample.

@ Statistical Inference: An “informed guess" about a parameter
based on a statistic.
Mmain jocﬂ of statistics
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Population and Sample
Population

@ Population: The set of all @ Sample: The observed set of
individuals (sometimes individuals (sometimes
defined as measurements) of defined as measurements)
interest to the researcher. from the population.

e Parameter: An unknown o Statistic: A sample
population characteristic of characteristic of interest.
interest. mean — M pAmean — Y ,

z w™ s
wnle® Variance - & variance, =, +
evialiom
standard deviation - & standard e
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Example

Selecting the proper diet for shrimp or other sea animals is an
important aspect of sea farming. A researcher wishes to estimate
the mean weight of shrimp maintained on a specific diet for a period
of 6 months. One hundred shrimp are randomly selected from an
artificial pond and each is weighed.

o Population: the weights of all shrimp on o

specific diet

@ Parameter(s) of interest: mean wer[?H' of all shrmp
on @ srecl'Fic iet - M

@ Sample: he weights of 100 sheimp o &
5pe fic diet

@ Statistic(s) of interest:  mean Weij"\*_ of 100 shiimp M
o ;Feuﬁc diet -5
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Five Steps in a Statistical Study — Scieat
objed'wes

specificall |du\hfl‘
@ Stating the problem. — 4, F:, sa,.‘é all zﬁ&t\m’o‘e

vaviables and 1denh Paramfer(s)
of intevest

@ Gathering the data. observachonal shudies
exPecimen’rs
© Summarizing the data.  Jogey, ptive statistics

j\ra.rh. cal Jisf*nys

estimation
l\\’ rai-lus is ‘hsfl'nj

I.'F VC NC'H"OJ

© Analyzing the data.

© Reporting the results.
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-
Gathering the data.

@ Observational studies: (Passiv‘!)
o A study where measurements are observed but there is no

attempt to influence the outcome.
e Existing conditions or outcomes are studied.

survey — collecting opinions
blood pressure ngniihwi aﬂemfhv\j to nfluence
— — e fes?m\sn.
@ Scientific studies: (ex]xnmerds ~achve)
e A study where a treatment is deliberately imposed to observe the
effects on a measurement.
e Change the conditions for one or more factors,to study the effects
of these changes. boiduals arownd Hhe
- ncus
Plood busldun and tuan miasGre wlood pressure
h to Mmeasure
aw\’ Scuerg.clvetﬂ{ffsl:’l:thf;’ okﬂ:;ple tvees
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. . ‘l - hist f “
Sampling Techniques _ **"F ng frame = 1 panes

ardomly select covnra 1es
@ ISimple Random Sample (SRS): A group of n units is selected in
such a way that each sample of size n has the same chance of
being selected. most cowmon

@ Stratified Random Sample: the group of individuals is divided
into separate groups, ogjtratarAn SRS is selected from each
strata.

@ Cluster Sample: An SRS of groups is selected and t
individuals within the selected groups are sampled.

@ Systematic Sample: Systematically select individuals

of all individuals. phows ook - s\/ﬂemahcaluh '
select every ot pers

om .
et rlo‘i 12m
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|
Experimental Design Lingo

@ Experimental Units: the object or individual to which a treatment
w“s‘& is randomly and independently assigned.

@ Observational Units: the object or individual on which the
response of interest is measured.

@ Response variable: the characteristic that is measured.

@ Factor:[a variable used to explain variation |n the re‘{s\ponse
variable that takes ont o or mor vaI

hat

enerlr. = rhb 15
@ Levels: the vaIues thatafactor can tai A B
fertilizer 2,3 Vo-""'y ATR
@ Treatments: The levels of a single factor or the combination of
the levels of several factors. k
> € pments
ey sty A & freatmarts
fertilizer 12, vaviefy A of ferhilizey and  aviet
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Main Experimental Design Concepts
@ Control: control influential variables on the response

e Extraneous factors that we have some control over

o Other factors that we may not have control over can be treated as
blocks.

@ Randomization: As ign treatments to @ubj%c_ts randomly.
wees  experimen

@ Replication: Assess the same treatment c(‘m _{'nul Ble Su% cts to
ssess sut}éect -to- su ject variation. jﬁ;d e

severa %ﬁ" units :ewc eshm fvs
StICI

A is compared with Pest|C|de % Two benches are set
up in a greenhouse and 10 plants are placed on each bench.

O ——@ Pesticide A is used for the 10 plants on one bench and Pesticide B
is used for the 10 plants on the other bench.

@ — @ Pesticide A is used for 10 randomly selected plants on either
bench. Pesticide B is used for the remaining 10 plants.
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Replication Continued B

factor*
sticide

levels : A,B

@ axperimental units — bench of plants
observatioral unt - \>Iam‘

no reahcqhm of observahons o'Fememnfal

bdwun 'h'i' and  bench,

mfw.ndinc]
. FSCILJO - rﬂ-l”llodho‘h -:_1+c¢hmcr¢.¢|?erc|’s mswa
y : of ms:lw?lﬁ
@ en‘nnmnfa.l units”® N [’
Phnf 4 bu'olaglcaJ reps
. A measurements are taken
observational unit - Bl from several im Gepondont
r\at\f g individuals
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Types of Scientific Studies : i g
8| A el 2

. . B * A B

@ Completely Randomized Design. A : al &

o Used to compare f treatments.

o All experimental units are allocated at random among all of the
treatments.

e A disadvantage of this type of experiment is that if differences
exist among the experimental units that affect the response,
differences among the treatments vxill be la..difficult to detegi.

1 i it ma
T ;1 ;:,:P{Jh-la'c d.:f::!im ri'are:at 7 1
@ Randomized Block Design.
o Treatments are randomly assigned to units within each block.
o A o Every treatment occurs in every block.
! o A disadvantage of this type of experiment is that block-to-block

\0 comparisons cannot be made (unless blockg are replicated and
selected at random). A i : ﬁ
de, dhe, compayison o B 3
H.::OI nts J-iﬁ_ ed b g A
i€ferences in Vlocks. 4 B
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|
Definition of Variables

@ Variables: Characteristics of individuals or objects that may vary
for different observations.

@ Qualitative Variables: The variable represents categorical
information. — gender variety AR
-race fernlizer 42,3
- pesticide A8

@ Quantitative Variables: The variable represents a numerical
scale. have actual wmts of measure

- & — 3(ow+h o'F ‘)\alﬂs
— aumber of nematodes
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Example

Riddle and Bergstrdom (2013) describe several experiments to examine
Phosphorus leaching from two soils. A table of results from one of the
experiments is reproduced below. There were four different rain
simulations used and two soil types (clay and sand). The amount of
drainage water collected from lysimeters was recorded.

exper tmen’l'
Table 4. The mean amount of drainage water (+SE, n = 1-5) col- l .
lected from the lysimeters from each of the two soils and four ‘FRL‘ [\ L
rainfall simulations. The desired application was 50 mese—._ fﬂ'l‘{au Slm‘d]m
Rainfall @ SE of the
simulation Soil Mean me soil +7 Pe
| - level S: 2,34
o rs - L3,
sand 27.1 | _| nd
Sa
clay 421 26 soil - "“7 )
sand 464 1.0 fes
A amount of
' ' \# dran
clay 49.5 1.3 \Aﬂ"\ (mm )
sand 520 16 collcded
N

Riddle, M. U. and Bergstrém, L. (2013). “Phosphorus leaching from two soils with catch crops
exposed to freeze-thaw cycles,” Agronomy Journal, 105(3): 803-811.
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Example Data in Excel
Data was simulated based on the results of Riddle and Bergstrom (2013).

Rain SOII Type Hm Inst | Pag ::laguja::\. vie AZ’OJS:f\tZU ?OE: = SK::
Simulation _-Clay Sand m o [all (=)= alla) =
46.482\ [ 27.344 ol T e el e e P R B
1 45269 | 28.615 AT R AN A A R e
46.063 | 28.430 Al - ( £ rain
33.828 /1 29.005 A 8 < D E 5
e = T
2 40302 47.716 1 T e
40865 42762 5 1 clay 4 133.82782
44.840 46.807 N ZZZ’EEZ 16"3 S
54698 47558 8 1 sand 3 28.42989
3 47.461  43.279 = e
51 457 43202 11 2 clay 2 40.30181
54608 41812 | —r
53.186 53.097 14 2 sand 1 44.40761
4 52124 5679 e —r
48.477 52.054 17 2 sand 4 46.80703 4
48.904 49.813 RO | drainagedata 437 T ) ¥
Ready | e — @)
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Descriptive Measures ons O ¢
Co-u‘ﬂ* (0? {('Q, ko'%

@ Qualitative variables: Frequencies, relative frequenmes
e———

@ Quantitative variables
@ Measures of Center: Median, mean

@ Measures of Other Locations: Minimum, maximum, first quartile,
third quartile

o Measures of Spread: Variance, standard deviation, interquartile
range, range

Sharp (Clemson University) ASA 15/32



Measures of Center \
. L
dater zﬁxf L

W
@ Median: The middle value when thefobservations are ordered
from the smallest to the largest.

M [—— D

max

MmN

@ Mean: The ’balance point’ of the data. Found by summing all of
the observations and dividing by the number of observations.
~ fulerum Pm'u\f of observahon

K X

. )

.
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|
Measures of Other Locations

@ Minimum and maximum: The smallest and largest values in a
data set.

@ Percentile: The value, x,, that has p% of the measurements
below it and (1 — p)% of the measurements above it when the

measurements are ordered from smallest to largest.
median 15 the 5ot percentile

| |
L ‘ median ’ 44“

+h
min 2_5&' 6ot #h

@ Quartiles: The 25 50 and 75" percentile nown as Q;, the

median, and Qs, respectively.
( Gy - thvd quachle =35% of H obs. below
A wl it

Ao .\" Oy - First quarhile = 25% of the obs .
A V ! 1 below 1t
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Measures of Spread: Variance and Standard De\‘/nig[ion
IS

(TULA o measure ¥
Sample variance: _ Smilar to He dverage

n-1 the Uar

pecanss | mnus  He ple
e tean and  we know maan )

n\ observahons, then we ool

can  find the " obs. cm?ufa-h"“a
vt

n-1 of twe observahans
ove allowed to ﬁtelj

\I‘al1 .

Sample standard deviation: s = v/s2 = —
same unts as the observatons

18/32
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I
Measures of Spread: Range and IQR

@ Range is the maximum value minus the minimum value

R

@ Interquartile range (IQR) is the range of the middle 50% of the

data: /QR = Q3 — Q1 beneﬁcld[ wihan we ‘re lookin
l ) At observahons from datac wrj'h
eytreme rmaasure

@ Identifying outlyina valies:
XO; + 1.5 TQR ‘S If observahons are above

ov below, Hnese observahovs
Q, - '"5ToA May be consdared exiveme

mean £3 5.4
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Example Data in Excel

Data was simulated based on the results of Riddle and Bergstrom (2013).
'@“Q 5 hi!rainagedaiaicms?ﬂ_ E@u‘
, Hoi| Tnst| Pag | For | Dat| Rev| Vie | Adc IMI|Acr| & @ o & =

Rain Soil Type
Simulation Clay Sand
46.482 27.344
1 45269 28.615
46.063 28.430
33.828 29.005
46.337 44.408
2 40.302 47.716
40.865 42.762
44.840 46.807
54698 47.558
3 47.461 43.279
51.457 43.202
54698 41.812
53.186 53.097
4 52.124 56.796
48.477 52.054
48.904 49.813

Sharp (Clemson University)

B oal=] ] |a)|e 2T
Ga- B a-
paste " kot Ahgn:nen( NuTber St},:\es (EVHS Fe
lipboard 1 Editing
Al - F | rain -
A B (@ D E i %
1 [rain .soil reps drainage
2 1 clay 1 46.48212
2 1 clay 2 45.26889
4 1 clay 3 46.00245
5 1 clay 4 33.82782 =
[ 1 sand 1 27.34355
7 1 sand 2 28.61508
8 1 sand 3 28.42989
9 1 sand 4 28.00459
10 2 clay 1 46.33726
11 2 clay 2 40.30181
12 2 clay 3 30.86472
13 2 clay 4 44.84038
14 2 sand 1 44.40761
15 2 sand 2 47.71585
16 2 sand 3 42.76234
17 2 sand 4 46.80703 3
H 3] drainagedata 457 AT ] S
Ready | \@IE 100% (=) [ () .
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Descriptive Statistics: Qualitative Variables

The(SAS System

The FREQ Procedure

Cumulative Cumulative
rain  Frequency | Percent Frequency Percent

4 ) 2500, 8 2500
(2)- 8 2500, 16 50.00
(3) 8 2500 24 75.00
[4) 8 2500 32 100.00
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D The SAS System le Quantitahive
D The UNIVARIATE Procedure
( Variable: drainage

Moments

—
N Sum Weights 32
Pl s

Mean 447166384 Jum Observations  1430.93243
Variance 609470098 — S
Skewness -0.9867255  Kurtosis 0.43003464
Up<Corrected SS 65875.8452 Corrected SS 1889.3573
Coeff Variation | 17.45850051 Std Error Mean 1.38007031

Std Deviation

S Basic Statistical Measures
Location Variability
Mean | 44.71664 Std Deviation 7.80686
Median 46.40969 Variance
Mode . Range 29.45237
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Descriptive Statistics: Quantitative Variable
Descriptive Statistics

The SAS System

The MEANS Procedure

Analysis Variable : drainage

N Mean Std Dev Minimum  Maximum
156.7959287
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Descriptive Statistics: Quantitative Descriptive
Statistics by Qualitative Variables

The MEANS Procedure

soil=cla
amt of almmmje water G

Analysis Variable : drainage
ean Median| Std Dev  Variance  Minimum Maximum  25th Pctl  75th Pctl
16| 46.7648008 Y16 9714428 @ 27 6627197 33.8278208 54 6983761 450546332 50 1805586

soil=sand
—

Analysis Variable : drainage

N e Median | St v | Variance  Minimum  Maximum  25th Pctl  75th Pctl
16 (12 6684759 M3 8432317 (9 4522572 \89 3451655 27 3435549 | 56 7959287 | 354084242 48 7645161
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|
Graphical Displays

@ Qualitative Variables
e Bar Graphs (Frequency or Relative Frequency)

@ Quantitative Variables — swngle variable
e Histograms, Stem-and-Leaf Plots, Box-and-whisker Plots

@ Combinations of Variables

» © Qualitative, anntitative:ég@ﬂv_ﬁ___}iskerﬂot& Bar Graphs
o Two Quantitative: Scatterplots Mmean
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I
Single Variable Plots

%X
tative - drai M-?e water
h‘g.‘ rm —X- _ auuaqt nas ercallectlon 1“0’ . ‘
aqam yon o
ater \ahwve ol
collected r;q,;nt‘i e
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B
Panel of Bar Graphs

Drainage by Soil Type

. 1) D L\
0 @ c'ua.n{' - dranage
o 0qp drainagt
e Mj“ wll! d. -I?(
’ aw S‘Mukahsml
0 M J)‘ in sardi

) { { I \ \
Fujuu X. Mean (SD) olra.ma.at water collected
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Side-by-side Bar Graphs

Drainage by Soil Type

50 -

40 -

30

rainags (Msan)

di

20 -

1 2 3 4
L——_J rain

soil M clay B sand
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INN———.
Side-by-side Bar Graphs

Drainage by Soil Type
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Panel of Histograms

Drainage by Soil Type
m S0il= sand,
S

50 -] \ =l
: urve Yo
L— “s' "u‘db
"7 gmoo 28
r s
;uml“;lgw b
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Box-and-whisker Plots

Nof of the 5 - number

H

O
S

2

il
63 rvs

Drainage Water Collection /

-

30
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Graphics From Riddle and Bergstrom (2013)
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Fig. I. Mean P leaching loads from all control treatments for
wee k

the four simulations. Error bars are standard errors of the --'ﬂﬂd'

mean. Top asterisks indicate total P (Tot-
bottom asterisks indicate PO ~P significance between soil — +w!

signiticance and

o wer¥s

types within the same simulation: ***significant at P < 0.00]l wo W¥$
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