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Int_roduction :

e Statistics:“a bunch of mathematlcs used to s summarize,
analyze, and mterpret a group of numbers or
observatlons

|t is a tool

*Cannot replace your research de5|gn your research
questions, and theory or model you want to use.



Populatlon and sample

Bt Populatlon any group of |nterest or any group that
researchers want to learn more about |

. Populatlon parameters (unknown to us)
- characteristics of population

~ *Sample: a group of individuals or data are drawn from
population of interest.

: Sample statlstlcs characterlstlcs of sample



Population andsample o

- *We are much more |nterested in the populatlon from
which the sample was drawn o

L Example 30 GPAs as a representatlve sample drawn f
from the population of GPAs of the freshmen
currently in attendance at ECU.



Population and sample - "

‘ POPU-IatiOn i .
& 0 . )

Sampling <. | Inference
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Sampling ‘

' 42 Sampllng N the procedure of selectlng 3 sample from a
populatlon ‘ i

* There are dlfferent strategles we use to select our

sample

» Convenience sampling, Quota sampling, snowball sampling,
stratified sampling, simple random sampling, etc.



Inference

- «Statistical mference uses sample data to draw
conclusions about the entlre populatlon '



Types of measurement

‘°D|screte Quantltatlve data are called dlscrete if the
- sample space contalns a flnlte or countable |nf|n|te
number of. values )

~ *How many days d|d you smoke durlng the Iast /
days ‘



Types of measurement

. ContinuoUs Quantitative data are called continuous if the
| sample space contalns an mterval or contlnuous span o)i
real numbers | |

‘ 'Welght helght temperature .
* Height: | 72 meters, I 7233330 meters



Types of measurement

* Nominal

°Categor|cal variables. Numbers that are S|mply
used as identifiers or names represent a nominal
scale of measurement such as female vs. male.



Types of measurement
i Ordinal 5.
« An ordlnal scale of measurement represents an ordered

series of reIatlonshlps or rank order

. L|I<ert-.type scales, (such as "On a scale of | to 10,
with one being no pain and ten being high pain, how
much pain are you in today?") represent ordinal data.



Types of measurement

‘° Interval: A scaleth‘at represents q*ua'ntity' and has equal
~ units but for which zero represents S|mply an additional
point of measurement ' *

~ +The Fahrenhelt scale is a cIear example of the mterval
scale of measurement. Thus, 60 degrees Fahrenheit or -
10 degrees Fahrenhelt.repre_sent mterval data.



Types of measurement

*Ratio: The ratio scale of measurement is similar to the

interval scale in that it also represents quantity and has
equallty of units. However this scale also has an absolute
‘zero (no numbers exist below zero) |

* For example, height and welght.



Types of measurement

‘ * Qualitative vs. Quantltatlve varlables

* Qualitative varlables values are texts (e g.; Female
male), we also call them strlng/character variables.

* Quantitative variables: are numeric variables.



lypes of measurement

. Response/outcome varlables measure outcomes of
“a study. They : are also caIIed Dependent varlables

. Explanatory varlables explaln or influence changes in
a response varlable They are aIso called Independent
- variables. | |

» Gender, sex, or other demographics., treatments, etc.



Basic statistics

* [wo types of statistics
* Descriptive statistics

*Inferential statistics



Basic Statlstlcs

°Descr|pt|ve StatIStICS “are procedures used to -
summarize, organlze and make sense of a set of
scores or observatlons



Basic statistics

" Inferential statlstlcs

“are procedures used that aIIow researchers to
infer or generallze observations made with samples
to the larger populatlon from which they were
selected.” o



Basic statistics
*Descriptive statistics for scale yariabIeS:' |
+Central tendency '

*Dispersion



Central Tendency'

* Measures of Central tendency we use statistical measures
to locate a single score that N most representatlve of all
- scores in a dlstrlbutlon |

* Mean
e Median ;
e Mode

20



Mean

e The notations used to represent populatlon parameters
and sample statlstlcs are dlfferent |

* For exa,mple :
- *Population size  : N

* Sample size : n

pA



Mean

~*Mean

* X (or M) for sam'p.le mean and u for p0pulatien mean -

- X (x bar) =i
* > X means sum  of all |nd|V|duaI scores ofxl-x |

* N means number of scores

Py



Mean

°Examp|e |: we want to know how 25 students
- performed in math tests. ' |

*Data are in the next sllde. i



Mean

Score (X)

Frequency (f)

60

65

70

75

80

85

920

95




Mean

* How to calculate mean for those 25 scores?



Mean

» Distribution of Example |
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Median
°Med|an i el | | | i
e Data: 2, 3, 4, 5, 7 IO 80 Mean of those scores is I5 86

* 80 is an outller

* Mean fails to reflect most of the data We use medlan mstead
of mean to remove the mfluence of an outller

* Median is the middle value in a dlstrlbutlonof data listed in a
numeric order. | | "
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Median
eMedian

el |
o P05|t|on of medlan = T |

* For odd —numbered sample size: 3, 6, 5 3, 8 6, 7 First place each
score in numeric order 353, 5 6,6,7, 8. Posmon 4:(7+1)/2 is the
median. Median = 6 |



Median
e Median e |

-~ * For even- numbered sample S|ze 3,6,5,3,8, 6. Flrst place

each score in‘a numeric order: 3, 3 5,6, 6 8. Posmon =

(6+1)/2="3.5. Medlan = 5;—6- b5

. Example 2 we want to know average salary of 36 cases.



Median
e Median

» Example 2: we want to know average salary of 36 cases.

I
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30



Median

eMedian =7

,
2
3
4
6
7
8
9

+ Position = (36 +1)/2 = 18.5
* Which humber is at position 18.5?
*Median = $45k




Percentile Values

~*Rank all observations from the lowest to the highest

e 25¢
e 50t

N percenti

N percenti

value

€ va

€ va

ue: 25% values lie below that value |

lue: this is median. 50% values lie below that

» 75th percentile value: 75% values lie below that value

Tuesday, February 2, 20XX

Sample Footer Text » l . : 32



Dispersion -

E Dlsper5|on (Varlablllty) a measure of the spread of scores
- in a distribution. ' '

How far do scores in this
distribution vary from the mean?
How do scores vary in general?

? ?

Pri—— N (%] ——————-
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Dispersion

« Compare -different distributions

MN=130

Klean =150

MNo. of People

Median=150

120 130 140 150 1a0 170
Tezt Score




Dlspersmn

* Compare dlfferent dlstrlbutlons

Mamow Distribuntion

MNo. of People

30 N =130
70 Mean =150

a0 Median =150
50
40
30
20
10
0

120 130 140 150 160 170
Test Score




Dlspersmn

°Two sets of data have the same sample size, mean, and
“median. | |

* But they are different in terms o] variabi-lity. _ ‘



Dispersion

* Dispersion
* Range
* Variance

~ «Standard deviation



Dispersion

* In our previous example about salary:

Statistics

salary

[ Valid
Missing

Mean — BB.3333

Median

Std. Deviation A1.88695

Fange
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Dispersion

s Rahge '

‘It is the dlfference between the Iargest value and
smallest value. ' | |

It is mformat-lve for data without outliers.



Varlance

It measures the average squared dlstance that scores
“deviate from thelr mean. o |

e Sample varlance s2 (populatlon varlance 02 S|gma)

40



Varlance

K. How to calculate varlance7

5 Z(x —J) P g
. Sig= = orm Ss means sum of squares.

e n-| means: degree of freedom the number of scores in
a sample that are free to vary

41



Varlance o

$ Example flve scores 5 IO 7,8, I5
* Mean = (5+IO+7+8+I5)/5 9
o Lets calculate varlance | ' o
+ SS = (5- 9)2 + (10- 9)2+ (7- 9)2 ¥ (8 9)2 + (15-9)2 = 58
. Sample variance = 58/(5 I) = I4 S



Standard Deviation
'Stahdard"deviation(s 0)- ‘
‘It is the square root of variance.

*ltis average dlstance that scores dewate from thelr |
mean. ' |

.

OS=




Standard Deviation

~«Example 3: calculate standard deviation

100-115.5=-15.5
1 10-115.5=-5.5
120-115.5=4.5

130-115.5=14.5

6%240.25

12*30.25

16%20.25

6%210.25

3390.0
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Standard Deviation

= 3390 gy -
. V40-1. G

*X=1155

*Summary: '

* When individual scores are close to mean, the
standard deviation (SD) is smaller.



Standard Deviation i
°Summary

* When |nd|V|duaI scores are spread out far from
the mean, the standard dewatlon is larger.

«SD is aIways posmve

°ltis typlcally reported W|th mean



Descrlptwe statlstlcs

'Choosmg proper measure of central tendency '

~depends on: ‘ ' ' '
* the type of distribution

- *the scale of measurement



Descriptive statistics
* Mean describes data that are normally distributed
~ and measures on an" "intervallor ratio scale.

* Median is used when the data are not normally
dlstrlbuted '



Normal dlstrlbutlon i

o Normal dlstrlbutlon .

. Probablllty the frequency of times an outcome is I|I<ely
to occur divided by the total number of p055|ble
outcomes. .

* |t varies between O and |.

* Example (next slide)



Probability
+Probability

} Male

Female

4 Total

|. What is the probability of Fail? 4/10 =.4
2. What is the probability of Pass? 6/10 = .6
3. What is the probability of Fail among males? 3/5 = 6

4. What is the probablllty of Pass among females? 4/5 = . 8 |

50



Normal Distribution

*Normal distributiOn’/NormaI"curve
* Data are symmetrlcally dlstrlbuted around mean,

median, and mode

 «Also called the symmetrlcal Gau55|an or beII shaped
distribution.



Normal Distribution

*Normal curve

=
o
o
!
=)
L=
o

M-3C0 HW-20 JH-0O M M+oc H+20 UM+ 30
E-— 68% = ]:
- 95, 5% -—
997% - ————— - — -
Unsuccessful Projects Successful Projects

Outcomes
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Normal Distribution

e Normal curve




Normal Distribution

» Characteristics of normal distribution curve
* The normal dis'tr'ibution is malthematicall‘y_defined.
* The normal dlstrlbutlon is theoretlcal

°The mean medlan and mode are all the same value at
the center of the dlstrlbutlon



Normal Dlstrlbutlon

°Character|st|cs of normal dlstrlbutlon curve
* The normal dlstrlbutlon is symmetrlcal

* The form of a normal dlstrlbutlon is determlned by its
mean and standard dewatlon

« Standard deviation ca’n be any positive value.



Normal Distribution
» Characteristics of normal distribution curve
* The total area 'u‘nde'r"the curvé is equal tol.

* The tails of normal dlstrlbutlon are always approachlng
to X axis, but never touch it.



Normal’ DistribUtiOn e

o Normal dlstrlbutlon/NormaI curve

* We use normal dlstrlbutlon to Iocate probabllltles for
scores. | '

'The area under the curve can be used to determlne
the probabllltles at dlfferent pomts 3 |



Normal Dis-tribution

Area = 1.00
3413 3413 h

-38D -2SD -18D 7 +1SD +2SD +43SD

Proportions of area under the normal curve
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Normal Distribution
- Normaldistri‘but’ion the standard deviation indicates
precisely how the scores are d|str|buted Emplrlcal rule:
* About 68% of all scores I|e W|th|n one standard
deviation.of the mean. In another word roughly two

thirds of the scores I|e between one standard deviation
on either S|de of the mean .



Normal DistribUti()n i
+Normal dlstrlbutlon =

'About 95% of aII scores lie W|th|n two standard

dewatlon of the mean (Normal scores: cIose Eofthe

mean).
* About 99.7% of all scores lie within three standard
deviation of the mean. ‘



Normal DistribUtiOn i
* In another word we have 95% chance of selectlng a score
“that is within 2 standard dewatlon of mean.

* Less than 5% scores are far f_rom the_ mean (NOT normal
'scores). ' ' | )



Normal’ DistribUti()n e
e Standard normal dlstrlbutlon or Z dlstrlbutlon '

* A normal dlstrlbutlon W|th mean —-O and standard
deviation = I. | |

*A Zscoreisa vaIUe on the x-axis of a standard normal
distribution ‘ o L



Normal Distribution

«Standard normal distribution or Z distribution




Normal Distribution

#3 Descriptives

‘ . § '_ | : Variable(s):
*z transformation
X—-M

AYD)

,~/ Save standardlzed values as vanables

C] l Reset HCanceIH Hefp J

X means individual value M is mean and SD is standard
deviation.

In SPSS, go to Analyze > Descrlptlve Statlstlcs =
Descrlptlves to get Z scores

64



Normal DistribUtiOn o

°In mferentlal statlstlcs for example in mdependent
“samples t test.

'°NuII hypothe5|s (H ) two means are equal

,°Alternat|ve hypothesis (H A) two means are not
equal '



Normal Distributi()n :

°The t dlstrlbutlon curve shows the dlstrlbutlon of t
statistic for two-talled test When H0 is true.

Reject the F % Reject the
null null
hypothesis F{ \ hypothesis




Confidence Interval

Mean = |.89 for eXampIe,'it'is‘a'point,estima‘te. But we
want to know the probable accUr‘aCy of the estimate. How
close that estlmate is I|I<ely to fall to the true parameter f

value.



Confidence InterVal .

) confldence mterval (CI) is a range of numbers WhICh
contains the parameter The probablllty of the accuracy is
called confidence coeff|C|ent 95% or 99% We use standard
error to calculate Cl. |

95% Cl for a' mean: 95% times the interval contains
population mean. 3



Descriptive Statistics :

* For nomlnal and ordlnal varlables we use Frequency and
Percentage to descrlbe the data

« For example: description of Q2 (sex).

Cumulative
Fercent

Walid 1 Female SRS 50.3 50.9 50.9

2 Male i 18.6 44, 100.0
Total

Missing System

Total




Descriptive statistics in SPSS
s DeScriptiVe'stati,Sticsin SPSS

* Frequencies S

* Descriptives

~ “Explore



Descrlptwe statlstlcs in SPSS

o ExerC|se use 20 | 9YRBSS data

*Use Explore functlon to get descrlptlve statlstlcs for Q6
(height) |

\ -Analyze > Descriptive Statistics > Explore



Descriptive statistics in SPSS

2 Explore #2 Explore: Plots

Dependent List: Boxplots Descriptive

®© Factor levels together ¥ St nd-leaf

© Dependents together

: Options ‘ ~
Factor List: [_p— , © None

| Bootstrap... :
:l ’:_PJ ¥ Normality plots with tests
CET i Spread vs Level with Levene Test

Label Cases by:
Display

@ Both © Statistics © Plots

'.AContinueb[ Cancel H Help ‘ [




Descriptive statistics in SPSS

+SPSS output '

jO6 How tall are you

Descriptives

Mean

5% Confidence Interval — Lower Bound
for Mean

UpperEGUﬂd
5% Trimmed Mean

Median

Std. Deviation
Minimum
Maximum
Range

Interquartile Range

Kurtosis

Statistic
1.6924
1.6906
1.6942
1.6913
1.6800

010
10205

st Errar

00083
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Descrlptwe statlstlcs in SPSS

°SPSS output Normal Quantlle-Quantlle (Q Q) plot

E
S
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o
o
=
(NN}




Descriptive statistics in SPSS

o SPSS output: boxplot e 4




Graphs '

ke Summarlze quantltatlve data graphlcally

* |t depends on the type of data _

: Hlstogram. we use H|stogram to summarize scale data.



Histogram:
+ Example: Q6 (height)

Histogram

~ We use histogram to know the

distribution of Q6.
Y axis represents frequency and X
axis represents the responses.

)
c
[
3
o
o
s

160 1.80

How tall are you




Scatter Plot ‘

*We use scatter plot to check Ilnear relatlonshlp f
between two scale varlables

°Example Q6 (helght) and Q7 (Welght) by QZ
. (gender)
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Scatter Plot

How tall are you
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Scatter Plot

* Scatter plbt by gender
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How tall are you




Box Plot.

'We can use elther Explore functlon or Graphs to
“get box plot o ' ‘

+Example: box plot for Q6 (height) .byQZ (gender)



Box Plot

o B:,t» Outliers

«— Upper Inner Fence

+

Upper Adjacent Value

<«— Upper Whisker
75th Percentile (Third

——  Quartile), also called
Upper Tukey's Hinge.
Interquartile
Range (IQR)
25th Percentile (First
Quartile), also called

) Lower Tukey's Hinge.
- Lower Whisker

—— Lower Adjacent Value

Lower
Scores s S i - - — Lower Inner Fence

——= Oultliers

Figure 3a.3 The General Form of a Box and Whiskers Plot Based on Cohen's
(1996) Description




Box Plot

+ Box plot of Q6 without Q2

How tall are you



Box Plot
* Box plot of Q6 by Q2

3
=
S
B
3
T

1,684 1

Female Male




Normal Q-0 plot
. No'rmaIQ-Q pIo’t 'or quantile-quantile plot .-
* We use Normal Q Q plot to check normallty assumptlon

~ we assume that Q6 is normally dlstrlbuted

e If the data mdeed foIIow the normal distribution, then the
~ points on the Q-Q plot W|II faII approximately ona
straight line. '



Normal Q-Q plot

o Exémple: ho‘rmaIQ-Q plot for Q6 (height)

MNormal Q-Q Plot of How tall are you




Basic Statistics
°Co'mpare'h1eans' 5
+ T test, ANOVA

* Compare medians

* Non-paramietric tests
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