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Descriptive and Inferential Statistics Using
IBM SPSS Statistics Software

Prepared by:
Dr. RaShad Adel-Ghani, MPH, PhD (Associate Professor)







Descriptive Statistics for Continuous Variables

» For continuous variables, we are interested In:

@ Measures of central tendency - mean, median, mode
(2) Measures of location = quartiles, percentiles
‘ (3) Measures of dispersion and spread-> standard deviation, variance, minimum,
maximum, range, SE, outliers
(4) Shape of data distribution = symmetry, skewness, kurtosis

Summary statistics to describe normal and skewed distributions

Statistic Normal distribution Skewed distribution
Centre Mean (M) Median (Mdn)
Spread Standard deviation (SD) Variance (SD?) Inter-quartile (IQR) range

Precision Standard error (SE) = SD/ -hf'n
95% confidence interval (95% Cl) = 1.96 x SE



» Continuous variables are measured at the scale level.

o Scale variables - with numeric values measured by an interval

et ey

or ratio scale.

Interval scale

= A quantitative scale with no
true zero and no equal
Intervals between neighboring
points (e.g., temperature of
40°C is not as twice as 20°C).

= Examples: temperature, pH,
and Likert scale

Ratio scale

Measure

@? Scale

& Scale

w

L &¥ Scale
|l Ordinal

&> Mominal

.

I
™ Ir
I
i Ir
I

= A quantitative scale where there is
a true zero and equal Intervals
between neighboring points.
= Examples: length, weight, income

and age.



Descriptive Statistics for Categorical Variables

» For categorical variables, we are interested in:

(1) Frequencies = Number of cases in each category
*@ Percentages > Proportions of cases in each category

(3) Mode = The most frequent category

0 Y
» Categorical variables are measured at the nominal or ordinal levels. Measure
&> Mominal =
’\ 7l Ordinal
&5 Mominal
Nominal Ordinal |

= Variables with categories that = Variables with categories that
have no logical order or have a logical order or ranking.

ranking. and it is possible to measure
= Example: “gender” with “male” " Example: “degree of pain® with
and “female” categories. “mild”, “moderate” and “severe”

categories.



Describing Data in SPSS

Jlenu Frequencies " Summary
.. o o statistics for the
I Analyze sfsDescripiive Statistics =fJDescriptives | entire sampie
EXE@”@)W@ Descriptive
3 tatistics for
fffssssss- Compare Means Means ' sample subsets |

s Data Editor

Analyze  Direct Marketing Graphs  Utilities  Add-ons ¥ Analyze DirectMarketing Graphs Utilities Add-ons
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Commanc



The Frequencies Command

= To produce frequency distributions of categorical variables (hominal or ordinal),

= To obtain measures of central tendency and dispersion as well as distribution of
scale variables

= To obtain percentile ranks of data on an ordinal scale (not included in the
Descriptives or Explore commands).

'3,'# Frequencies

Variable(s): . y
@aﬂsncs___ ,

&> VARODDO

Tﬂnn-tstrap.--

For categorical

: '« Display frequency tables
variables only

:] [Eesei ][Eancel][ Help ]

»




@ Freguencies: Stelistics

WS, Frequencies: Statistics

I N .
rF'en::entiIe Ualuesﬂ

L.

—Central Tendency

Quarties | T

Cut points for: 1Z:I equal groups Median

Percentile(s): Mode

Adi Not found in" ~
Femaove
Values are group midpoints

—Dispersion —Distribution

otd. deviation Minimum SKewness

Variance Maximum Kurosis

Range =3.E. mean

Continue || Cancel || Help

2 Frequencies: @[ﬁ@m@

W, Frequencies: Charts

-I:hartType

) Bar t:harta
© Pie charts
Histograms:

) S --.-.—.l I t ==
!:h-_. ¥ curve on histogra

{Ehartvaluea

|{:ﬂnﬁnue|| Cancel | Help

Bar/Pie charts =» categorical variables
Histograms =» scale variables




Praciice

Use the descriptives.sav file to calculate
Frequencies of the following variables: Aheight,
weight and age.




> In “Frequencies” window, move the variables to be analyzed into “Variable(s)” box

» Click “Statistics” button and select the appropriate options Iin “Frequencies:
Statistics” window = Click the Continue button

» Click “Charts” button and select “Histograms” and tick “Show normal curve on

histogram” option = Click Continue button.
» Click OK button.

@,'# Frequencies: Charts

@,'# Frequencies

1'.1"EIFIEI|:I|E!|:S} / ............................ . EI—I -
- = =S| S art Type
ﬁ:":l Gender [gender] A ﬁ |—|E|gh’[|r| ': o i". = em——
& Weight six months 4. )& Weight in Baunds .| CEhars.. © Mone
&5 Marital status [marit j & Agein w — © Bar charts
£ Household income ... . ] —
&5 Level of education [e... RELEETN o Pie charts
@ Histograms: o
S .| midpoints
E‘I;Ehnw normal curve on histograme
| Display frequency tables Chart Values
(? [ OK ][Easte ][Eeset][cancel][ Help ] @

[Enn’rjnue][ Cancel ][ Help ]




Frequencies

% [DataSetl] C:\Users\Rashad Abdul-Ghani'\Desktop\S5P55 WORKSHOP\decriptives.sav

Outpul

Statistics
Height in Weightin

inches pounds Age inyears
M Valid 400 400 400
Missing 0 0 0
Mean G6.7196 155 4151 42.08
Std. Error of Mean 18353 78530 627
Median 67.3000 153.1450 41.50
Std. Deviation 3.67055 15.90601 12,634
Skewness - TGA- 194 267
std. Error of Skewness 22 122 122
Kurtosis 284 -1.07 3- -.B623-
Std. Error of Kurtosis 243 243 243
Fercentiles 2.5 57.400% 129.3000 20.00
25 G4.8850 141.2000 32.00
a0 G5.6260 144.1490 34.30
a0 67.3000 153.1450 41.50
75 G9.1925 168.3000 50.00




Outpul

Histogram
Height in inches Weight in pounds Age in years
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Praciice

Use the descriptives.sav file to calculate
Freqguencies for the following variables: gender,
marital status and level of education.




> In “Frequencies” window, move the variables to be analyzed into “Variable(s)” box
-> Tick “Display frequency tables”

» Click “Statistics” button and choose Mode in “Frequencies: Statistics” window -
Click the Continue button

» Click “Chart” button and select “Bar charts” or “Pie charts” and choose
“Percentage” option from “Chart Values”-> Click Continue button.

» Click OK button. . Frequencies: Charts

@,‘# Frequencies

Chart Type

Variable(s): [Statis’r.ics.._] ) Mone
&% Heightin inches [hei... A & Gender|[g — @ Bar charts
& Weightin pounds [ff... |~ ~—Pb Marital stajus [man Charts.. -
& Weight six months k... & Level of educatiogle... [ Eormat © Pie charts
£ Age invears [age] - © Histograms:
@5’ Hausehold income ... [Enntstrap._.]

i
Jroup midpoints
Q Chart Values
/ o Frequencies {@}F‘ergentageg ...................

djgi ay frequency tables
&[ OK ][Easte ][Eeset][{}ancel][ Help ] [EDHHHUE][ Lancel ][ Help ]
| Continue || Cancel || Help |




Outpul

* Frequencies

Frequency Table

Gender
Statistics Cumulative
Frequency | Percent [ Valid Percent Fercent
Level of valid  male 207 51.8 51.8 51.8
Gender Marital status education famale 193 483 483 100.0
I Valid 400 400 400 Tatal 400 100.0 100.0
Missing 0 0 0
Mode 1 1 2
Marntal status
Cumulative
Frequency | Percent [ Valid Percent Fercent
Valid Lnmarried 194 48.5 48.5 43.5
Married 206 514 515 100.0
Total 400 100.0 100.0
Level of education
Cumulative
Frequency Fercent | “Valid Percent Fercent
Valid Lneducated g4 21.0 21.0 21.0
Read and write 123 30.8 30.8 51.8
Primary education fili 18.0 18.0 f0.a
Secondary education 84 21.0 21.0 81.8
LIniversity and post-
graduate education 33 8.3 8.3 100.0
Total 400 100.0 100.0




Outpul

Bar Chart
Gender Marital status Level of education
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Descriptives




variables.

To transform
variables iInto a
standard normal
distribution

»

'ni!,'# Descriptires

&5 Gender [gender]

&7 Heightin inches [he...
ﬁ Weightin pounds [w...
ﬁ Weight six months a...
ﬁ Age in years [age]

& Marital status [marital]
gﬁ} Househald income ...
& Level of education [...

=

Descriptives

= To obtain quick summaries of scale variables, or to compare several scale

Variable(s):

Scale
only

variables

| Save standardized values as variables

| Reset || Cancel || Help |

_optons.. |(
[ Bootstrap... ]

D

Statistics (no charts)




Deseriptives: Oplilons

W5, Desc riptives: Options

Mean SUm

Descriptives =» scale variables
—Dispersion

=td. deviation Minimum

Variance Maximur

Fange =.E. mean
—Distribution

Kurtosis Skewness

~Display Order
@ Variable list
) Alphabetic
@ Ascending means

) Descending means

| continue | | Cancel || Help




Praciice

Use the descriptives.sav file to obtain quick
summaries for the Descriptives of the following
variables: height weight and age.




> In “Descriptives” window, move the variables to be analyzed into “Variable(s)” box
» Click “Option” button and select the appropriate options in “Descriptives: Options”
window =2 Click the Continue button

» Click OK button.

W2 Descriptives: Options ) 4

o Mean | Sum

Dispersion
. Descriptives - ¥ Std. deviation [¥ Minimum

Variable(s) . | variance [/ Maximum

Options... _— .

&> Gender [gender] ﬁ Height in ifiches [ha... [ ] | Range ] S.E. mean
&7 Weight six months a.{ Weight in pww... [Eﬂm”‘f“l--] Sistribut

&5 Marital status [maritall ,i &7 Age in years [age] |STrDLLon

£ Household income ... & Kurtosis [« Skewness
&5 Level of education [..
Display Crder

......................................................................................

) Alphabetic

) Ascending means

| Save standardized values as variables

(’;: (o ) zaste ) sset ) (cance) g

© Descending means

[Enm.inue][ Cancel ][ Help ]




% Descriptives

Outpul

Descriptive Statistics
[ Minimum | Maximum Mean std. Deviation Skewness Kuriosis
Statistic Statistic statistic Statistic statistic statistic ostd. Error | Statistic std. Error
Heightininches 400 55.00 72.81 GE.7196 3670565 - 765- 122 284 243
Weight in pounds 400 129.30 188.81 | 155.4151 16.90601 14949 122 -1.073- 243
Age inyears 400 18 73 42.08 12,534 267 122 - 623- 243
Valid M (listwise) 400




Explore




Explore

= To deeply Investigate scale variables, with or without grouping variables
(sample subsets).
= To produce confidence intervals, normality tests, and plots

Dependent List:

 Statistics.
g Gender [gender] - 4

' | & Heightin inches [hei... Scale variables  Plots...
| .g‘?f;’Weightin pounds [w... Options...

@‘5’ Weight six months a... Factor List:
ﬁ Age in years [age]

&5 Marital status [marital]
Qg‘? Household income i...
&> Level of education [e...

2

_ :Eﬂﬂtstran---: . Options to handle missing
Categorical data

variables
. — _ @,'# Explore: Options

Label Cases by

Missing values

¢ &

@ Exclude cases listwise

Display @ Exclude cases pairwise

........................................

© Reportvalues
@ Both © Statistics © Plots

o) 2ot Cganat)(cancl) L)

l{}nntinue” Cancel || Help




D Explore: Statistics 2 Explore: Plots

.j!l; Explore: Plots

Ei!:'# Explore: Statistics

—Boxplots ~Descriptive

@ Factor levels together |:| Stem- ancl—leai

erendents together ] Histogram

Dnnﬁdence Interval for Mean:
- 39 s @ None

M-estimators

| Mormality plots with tests

Outliers

—apread vs Level with Levene Test

FPercentiles @ MNong
© Power estimation

l " ][ al ] Hal © Transformed Power: |Matural log -
Continue canc
H Untransformed

|Cﬂﬂﬁnue|| Cancel | Help

ESpread vs Level with Levene Test=> for
testing the homogeneity of variance
_between the groups.




Praciice

Use the descriptives.sav file to describe the height of
study participants by their gender.




» In “Explore” window, move “Height’ variable to the “Dependent List” box and
“Gender’ to the “Factor List” box.

» Click “Statistics” button = tick Descriptives = Click the Continue button

» Click “Plots” button—> tick the options as shown below - Click the Continue button

» Click “Options” button = tick Exclude cases pairwise = Click the Continue button
» Click OK button.

Dependent Ligt -
& Weight in pounds [w... & Heightirlinc | =
g‘? Weight six months a... E) == .
& Age in years [age] @_ ions.... || @ Exclude cases listwise :
&5':' Marital status [marit Factor List: L - eaeeeeeseaeseseaeeseeeseseteeetessasaseteneasaseeateteteasaeneees - e
ﬁ Househaold incﬂrﬁ?ﬁ % Cender [EIE'rm'EF]-J | Bootstrap... | l::i:lé Exclude cases EEIil-'nl"n"iEE! -.

- LE.III.EI Dfeducatln [E .....................................................................................
& © Reportvalues

— m e C-?;:[Ennﬁnue][ Cancel ][ Help ] m

@ Bgth © Statistics © Plots | Continue || Cancel || Help |
dg [ Ok ][Easte ”Eeset”ﬂantel” Help ]

@,‘# Explore: Plots

@,‘# Explore: Options

Missing values - og




Outpul

* EIplDrE Descriptives
Gender Statistic | Std. Error
Gender Height in inches  Male Mean 66.7887 22077
895% Confidence Interval Lower Bound | 66.3357
Case Processing Summary for Mean Upper Bound 67.2417
Cases 5% Trimmed Mean 66.8937
Valid Missing Total Median 67.3000
Gender M Percent M Percent M Percent Variance 10.928
Heightininches  Male 207 100.0% 0.0% 207 100.0% Std. Deviation 3.30580
Female 193 100.0% 0.0% 193 100.0% Minimum 5697
Maxirmum 72.81
Fange 15.89
Interquartile Hange 3.63
Skewness -.548- 68
Kurtosis 070 337
Female Mean GE.6453 248028
895% Confidence Intarval Lower Bound | 66.0728
for Mean Upper Bound | 67.2179
ST 5% Trimmed Mean 66.8751
9% Trimmed mean =2 The mean calculated after Median 67.5000
excluding the lowest 5% and highest 5% of the data E‘ESE? t_ 4";2;
. Deviation .
Minimum 55.00
Maximum 72,69
Fange 17.69
Interquartile Range 484
Skewness - B63- A7E
Kunosis 188 348




Nermallty anc Romogeneity

Tests of Normality

Kaolmogorov-Smirnoy®

shapiro-Wilk

normal

fﬁSignificant difference from“&""
distribution
Non-normal distribution

9

Gender | Statistic df Sii. Statistic df
Heightininches  Male 091 207 000 870 207
Female 112 163 .0oo 931 193 §
a. Lilliefors Significance Correction
Test of Homogeneity of Variance
Levene
Statistic cf df2
Heightininches Basedon Mean 6.082 1 3498
Based on Median 5011 1 398 026
Based on Median and
with adjusted df 5.011 1 378.961 026
Based on trimmed mean 5584 1 398 0149

Significant
variance between groups

difference




RIStEErams

Histograms
Histogram
for gender= Male
4077 Mean = 66.73
Std. Dev. = 3.306
N = 207
30 -
-
o
i
o
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| .
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0 T
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Height in inches

Frequency

Histogram

for gender= Female

40
30
20
107
-
55.00 60.00 65.00 F0.00

Height in inches

Mean = 65.65
Stel. Dev. = 4.03:
M="193



Nermal @=@ Plets

Normal Q-Q Plot of Height in inches

for gender= Female

Normal Q-Q Plots

Normal Q-Q Plot of Height in inches

for gender= Male

|:|—

Expected Normal

Expected Normal

I T ] T
50 55 G0 65 70 75

g5 &0 65 70 75 Observed Value

Observed Value

Normal Q-Q plot: a scatterplot of two sets of quantiles against one another. If
both sets of quantiles came from the same distribution, we should see the points
forming a diagonal line that's roughly straight.



Detrencded Normal Q=@ Plots

Detrended Normal Q-Q Plot of Height in inches

for gender= Female

Detrended Normal Q-Q Plots

Detrended Normal Q-Q Plot of Height in inches

for gender= Male
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Observed Value
Observed Value

Detrended normal Q-Q plot: a scatterplot of deviations from the normal
distribution around a straight line that represents the perfectly normal
distribution..
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Data Distribution



VV VYV

Normal Distribution

Bilaterally symmetrical bell-shaped curve.
Approximately equal mean and median.

Data description: mean and SD.

Standard normal distribution (Z distribution):
mean =0 and SD =1.

ielative frequency
.I-F"-FFIF

Standard deviations

T

» The following assumptions about the data distribution can be made:
 68% of the data falls within 1 SD of the mean.
 95% of the data falls within 2 SD of the mean.
o 99.7% of the data falls within 3 SD of the mean.




VYV VYV

Skewed Distribution

Asymmetrical curve.

Positive skewness: mean > median.

Negative skewness: mean < median.

Data description: median and IGR (also used for data
from very small sample sizes).

Relative frequency




Mean

Median
Mode Mode
:.-H i H
-
C
@D
-
-y
D
L
X X
(a) Negatively skewed (b) Normal (not skewed) (c) Positively skewed
Platykurtic Normal Leptokurtic

(a) Negative Kurtosis (b) No kurtosis (c) Positive kurtosis






Checking for Data Distribution Normality

» A prerequisite for many statistical tests.

Methods
Visual inspection Statistical tests
= Lack objectivity. = Objective judgement of normality.
0 Through graphs and plots = Not sensitive enough at low
(histograms, Q-Q plots, P-P sample sizes
plots, boxplots) = QOverly sensitive to large sample
sizes.

s R
Most statisticians prefer to rely on numerical methods and statistical tests for

Motz )| normality
- J




Statistical tests for normality

= In SPSS, there are two tests for the normality of data distribution.
(1) Kolmogorov-Smirnov (K-S) test
(2) Shapiro-Wilk (S-W) test
> For both tests, a P-value (Sig.) less than 0.05 provides evidence that the
distribution is significantly different from normal =» Non-parametric tests
should be used for statistical analysis.



Praciice

Use the descriptives.sav file to check for the
distribution normality of weight according to gender
using normality tests.




» In “Explore” window, move “Weighf variable to the “Dependent List” box and
“Gender’ to the “Factor List” box.

» Click “Plots” button—> tick “Normality plots with tests”=> Click the Continue button
» Click OK button.

'3,:; Explore @,'# Explore: Plots

_ Boxplots Descriptive
Dependent List: [_EI tictics
& Heightin inches [hi.. ? & Weightin pe | : ® Factor levels together | | [| Stem-and-leaf
ﬁiuﬂn'lﬂightﬁi:{mﬂnthﬂ : 1 ....... F “]is' ...... @EEDEﬂdEﬂtSthEthEr Dﬂmtﬂgram

& Ageinyears [age] J [ Options... ] ) Mone
&; IMarital status [marital 0 Factor List: [El.nnisira ]
¢ Householdinconfei... &> Gender [gender] = _ T <[V Normality plots with tests
&5 Level of education [e... -
Sspread vs Level with Levene Test
-

Label Cases by; @ Mong
© Power estimation

Display () Transformed .
@ Both © Statistics © Plots (&) Untransformed

& [ OK ][ Paste ][ Reset ][Eancel][ Help ] [EMﬂ””E][ IR ][ LSk ]




Weightin pounds

Male
Female

Outpul

Tests of Normality
Kolmogorov-Smirnoyv® shapiro-yWilk
Statistic df S10. Statistic df S10.
05 207 000 HED 207 000
27 193 000 H47 193 000

a. Lilliefors Significance Correction

The P-values of both K-S and S-W tests are significant
Suggesting
hypothesis is rejected)

->

non-normal

distribution

(Null




One-Sample Kolmogorov-
Smirnov Test for Normality



One-Sample K-S Test for Normality
Purpose

A nonparametric test for normality.
To test If a continuous variable follows a normal distribution.



Commana Path

Vienu
+ One Sample

Analyze =i Nonparametric Tests =

'@,‘# decriptives.sav [DataSet1] - [EM 5P55 Statistics Data Editor

File Edit View Data Transform Analyze DirectMarketing Graphs Ulilities Add-ons Window |

Reports r B H i%""‘—' el ==
% H E'_'} . l_‘ Descriptive Statistics P :| i* |% E
|4E'53 Tables b
gender height Compare Means 3 age marital incom
3568 MMale 63.6 General Linear Model b 35 Married 9
Male 69.¢ Generalized Linear Models ¢ 40 Married 4
Female B iced Models . 50 Married 25
Female 668 . 31 Married 4
392 Male 67.1 — . 39 Unmarried 10
Male grg ~ meoression ' 50 Married 12
Male 6gq  dinear ' 21 Married 2
Male 704  leuralNetworks ' 31 Unmarried 1
396 Male g7.4  classliy ' 39 Unmarried ;
Male 65 Dimension Reduction r 26  Unmarried 2
Female 703  Seale ' 29 Unmarried 1
Female 66 MNonparametric Tests » A One Sample.. ’
400 Female 707 Forecasting " | M Independent Samples... 1
Sunival ' A Related Samples..
Multiple Response 2 L egacy Dialogs ,
403 Missing Value Analysis... | —




Praciice

Use the descriptives.sav file to check for the
distribution normality of werght using one-sample
K-S test.




» Click the One Sample button, and tick “Automatically compare observed data to
hypothesized” in the “Objective” window - Click the “Fields” button.
» Tick the option “Use custom field assignments” in the “Fields” window and move

“Weight” to “Test Fields” box = Click the “Settings” button.
» Tick the option “Customize settings”, ti oﬂgogorov—Smirnov test” 2 click

“Options” and select “Normal” > “Use samp Click the OK and Run buttons.

@,'ﬁ Kolrogorov-Smirnov Test Options

4@% decriptives.sav [DataSet1] - |IBM 5PSS Statistics Data Editor

' i?,; One-Sample Nonparametric Tests

File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons  Window |

Ohjective | Fields | Setlings Hypothesized Distributions
S H S | Reors W R E J
II A .. 2 i .\.'..: p = i
=t Descriptive Statistics b o 4 Select an item: viMormat
406 - . Distribution Parameters
: Tables } == | Choose Tests !
: i . . @ Use sample data
gender height Compare Means b age marital incom Test Options @ Customize fests
388 Male 53¢ — 35 Married . © Custom
. General Linear Model k _ User-Missing Values [ | Compare observe
369 Male 63.4 Generalized Linear Models F 40 Marrfed
390 Female h8.1 Mixed Models \ a0 Marrfed | Compare onsene 1 Uniform
3 Female 5G4 H Married = Distribution Parameters
i Correlate 2 .
392 Iale 671 = _ , 3% Unmarried 3
egression , )
393 Male AT .4 - a0 Married [« Testobserved dis
Loglinear b ,
394 Male 63 2 =9 21 Married . e
Meural Metworks 3 ,
395 MMale 70 .4 - 31 Unmarried | Compare median| — N
i 2 ) i || Exponential | | Poisson
396 Male g74  Classi 39 Unmarried ”E e
. . . wlean viean
397 Male g ~ DimensionReducion 26 Unmarried B h h
198 Femals 707  Scale * 29 Unmarried | Testsequence ol
399 Female 66." Nonparamefic Tests ™) A one Sample..
400 Female 707 Forecasting " | M independent Samples... 1

- i P.

401 Survival A Related Samples... / _"f [ OK ][ Cancel ][‘3 HeID]
i Multiple Response F

402 MR P Legacy Dialogs k

403 Missing Value Analysis... |




Outpul

% Nonparametric Tests

Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
The distrnbution of Weight in pounds  One-Sample Reject the
1 1= normal with mean 155.415 and Faolmogorov- 000 null
standard dewviation 15.97. smirnov Test hypothesis.

Asymptotic significances are displayed. The significance level 15 .05
Non-normal

distribution of weight
In pounds



Stancdarcdizing Data
(Z-scores)



Standardizing data

= “Descriptives” can be used to standardize values = To convert values to Z-
scores (Z-values or standard normal scores)

Z-score: SD units of each value away from the mean = Positive Z-score
(above the average) and negative Z-score (below the average)

Purpose

* To convert normal distribution to standard normal distribution, and to
convert non-normal to normal distribution (if possible).

 To allow for comparing different scores from different normal distributions
(irrespective of the measurement units).

Normal » Parametric test
- St - arametric tests
distribution o
' M3 : 4
Continuous | Yes

agata
4 Non-normal | | Transformto |~
distribution normality
No 4/ Non-parametric
(ests



Commana Path

Vienu

Anaﬂyze @@g@ﬁ[@{gﬁw@ Statistics D@S@FﬁpﬁﬁV@S

'Ei!,'# decriptives.sav [DataSet1] - IEM SPS5 Statistics Data Editor

File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons W

| 'ai!,'# Descriptives

'.C_::'I' E [.g,] M Reports 'l R I:E E%:
Do = ; Descriptive Statistics » [Z] Frequencies.. Variable(s): | Options.. |
406 : b=
| | Tables * | [ Descriptives... & Ge.nder. [g&nder] | 2.
gender | height Compare Means ' | & explore.. _ & Height in inches he.. ZEr ST
388 | Male 630 GeneralLinearModel b = 1 & Weightin pounds [w..
389 Male 59 HH Crosstabs... | &7 Weight six months a
' Generalized Linear Models » _
390 Female K _ [-] Ratio... i &7 Agein years [age] b
Mixed Models » : .
391 Female 6G.f Cormelat . 7 P-P Plots... i % Marital status [marital]
392 Male 67 7 =orrelate 1 ﬁ Household income ...
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397 Male b5. - 26 Unmarried
398 Female 704  Scale g 29 Unmarried




Praciice

Use the descriptives.sav file to standardize the Weight
variable.




> In “Descriptives” window, move “Weight' variable to the “Variable(s)” box and tick
the option “Save standardized values as variables” - Click “Options” button.
> Tick “Mean” and “Standard deviation” options (defaulf) in the “Descriptives:

Options” window = Click the Continue button
» Click OK button.

@,'# Descriptives: Options

W Descriptives - [ Mean— T_Iri Sum

Dispersion I

N

A Variable(s): A—D[ Qptions... ]

g ¥ 5td. deviation! [ ] Minimur
a5 Gender [gender] -—-Jrﬁ?’ Weight in pgunds .. % - =i 'Dn|:!= ----- !Q!ZT-HIE
& Heightin inches [he|. j [Eﬂﬂtstrﬂn---] + [ 1variance  _-[] Maximum
&7 Weight six months a. | Range ] SE. mean
& Ageinyears [age] Distribution

? Irjarltalr?t?;u.ﬂ [marlt_al] | Kurtosis | Skewness

ausehold income i...
o Level of education [... Display Order
\ @ Variable list

() Alphabetic

:Rnnﬂnue][ Cancel ” Help ]

&?Saue sfandardized values as variables O Ascending means
\? QK ][ Paste ][ Reset ][Eancel][ Help ] G © Descending means
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= A new variable called “Zweight’ is e
added to the dataset =» Standard

o Al 7 -
normal distribution. WO 1190
— ]
Income edu_level | Zweight I var

28.00 Readand .= = = = — —92050
45.00 Readand ... 92952
36.00 Read and ... 82952
51.00 Read and .. 1.26273
50.00 Secondary. .. 1. 25644
9500 Uneducated 1. 21672
36.00  Uneducated 2.09952
12500 Read and _.. 2.03602
70.00 Secondary. .. 200395
132.00 Secondary... 1.97944

258 00 Uneducated 1.97378






Statistical tests

et ey

Parametric

= Used to test statistically
significant differences between
groups when the study sample
has a normal distribution
regarding the continuous
variable of interest.

o

Nonparametric

Used to test statistically significant
differences between groups when
scale data Is non-normally
distributed (distribution-free tests),
data of Interest are frequency
counts, or when the dependent
variable is not scaled.

= Also called “rank tests” because

they depend on the ranks of data
(ordinal level of measurement).

Nota [Parametric tests are more powerful than nonparametric tests. }
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el |

tatistical lests

» Onhe-Sample

(1) One-sample #-test
(2) Wilcoxon signed-rank test (one sample)
3) Binomial test

est



One-Sample #-Test




ODne-Sample (Student’s) t-Test

Purpose

To test whether a sample mean is significantly different from a hypothesized
mean value in a population (e.g. a national average or a mean from a literature
review).

Assumptions

(1) The variable is measured at the scale level.
(2) The data of the variable are normally distributed.
@ Existence of a hypothesized mean for comparison.

-
The ¢ test is robust and can handle violations of the assumption of a
1\ t2 || normal distribution

h J
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Commana Path

+ Compare Means:

1 - IEM 5P55 Statistics Data Editor

- One Sample T test

Transform  Analyze Direct Marketing Graphs  Utilities Add-ocns  Window  Help

Reports r = e |
B | ™ MR D B
Descriptive Statistics b =
9295180949601 Taples .
:I height Compare Means ] Means.. i
le 64 ¢ | _
General Linear Model » E One-Sample T Test..
e a7 i i
i Generalized Linear Wodels Independent-Zamples T Test...
le 573 Mixed Models 3 '
- Faired-Samples T Test...
e 64.4 Correlate b — B
e 283 Regression F L] Qne-Way ANOVA.. E
e 661 Eﬂglinear b 55 Unmarried 95.00
le ba.f - 29 Married 36.00
Meural Metworks k :
E (8.4 Classify . 51 Married 125.00
assi
le 67.7 45 Unmarned 70.00 3




Praciice

Use the descriptives.sav file to compare the mean
weight of the study population (155.42 pounds) with
that published in the literature (suppose it to be 140.00
pounds)




» In “One-Sample T test” dialog box, move “Weight' variable to the “Test Variable(s)”
panel
» Set the “Test Value” at “140” “-> Click OK button.

'ni?# One-Sample T Test

9 JestVariablets) [ Options..
&, Gender [gender] @? Weightin pounds [w...

&7 Heightin inches [hei..
ﬁ Weight six months a...
ﬁ Age in years [age]
&5 Marital status [marital]
@E‘? Household income |...
& Level of education [e...

estValue: (140

,\/ﬁ OK || paste || Reset || Cancel|| Help |




= T-Test

One-Sample Statistics

std. Error
[+ Mean std. Deviation Mean
Weightin pounds 400 | 155.4151 15.90601 8530

One-Sample Test

TestValue =140

845% Confidence Interval of the
Mean Difference
t df Sig. (2-tailed) Difference Lower Llpper .
Weightin pounds 19 383 299 000 15 41508 138516 16 9786
The 95% CIl does not
include zero =
P<005=> tatistically signifi t
-y . - StatlistiCa signirtican
statistically significant a1ty S19
difference

difference



Reporting

The mean weight of the study population was significantly

higher than the expected mean of 140.00 pounds reported in
literature (P < 0.001).




Wilcoxon Signecd-Rank Test
(one sample)



One-Sample Wilcoxon Signed-Rank Test

Purpose

To test whether a sample median is significantly different from a hypothesized
median value in a population (e.g. a national average or a median from a
literature review).

\The alternative nonparametric test that may be used when the
assumptions required of the one-sample t-test are not met.

i |t uses the ranks of values of the scale variable measured at the ordinal level.

Assumptions

(1) The variable is measured at the scale level.
(2) The data of the variable are not normally distributed.
(3) Existence of a hypothesized median for comparison.
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Nonparametric Tests

'ni!:FF decriptives.sav [DataSet1] - |IBM 5P55 Statistics Data Editor
File  Edit

View Data

Transform  Analyze  Direct Marketing

Graphs

Utilities  Add-ons

Window H

=1 K= 2
|

gender height
1 Female 64 .8
2 Female AT .(
3 Male 67 .3
4 Male b4 .4
b Female hE .3
b Female 668
7 Female Ba.E
o Male 6E.4
9 Female B7.7
10 Male Ba.2
11 Female 70.7
12 Male B2
13 Female a9 .-
14 Male 65 1
15 Male £3.¢
16 Male 6.2

Reports

Descriptive Statistics
Tables

Compare Means

General Linear Model

Generalized Linear Models

Mixed Models
Correlate
Regression
Loglinear

Meural Metworks
Classify

Dimension Reduction
Scale
Monparametric Tests
Forecasting

Survival

Multiple Response

Missing Value Analysis...

I H %

age marital Incom
25 Married 2

61 Unmarried 4i

36 Unmarried 3

37 Unmarried h

20 Married Gl

55  Unmarried g

29 Married 3

51 Married 12!

45 Unmarried Tl

42 Married 13,

i hAarriad 26!

\ One Sample... o)

M\ Independent Samples...

A Related Samples...
Legacy Dialogs

..,..
S B

| 76

LInmarred

le



Praciice

Use the descriptives.sav file to compare the median
weight of the study population (153.15 pounds) with
that published in the literature (suppose it to be 140.00
pounds)




» Click the One Sample button, and tick “Automatically compare observed data to
hypothesized” in the “Objective” window - Click the “Fields” button.

» Tick the option “Use custom field assignments” in the “Fields” window and move

“Weight” to “Test Fields” box = Click the “Settings” button.
» Tick the option “Customize settings”, tick “Compare median to hypothesized

(Wilcoxon signed-rank test)” = Set value of “Hypothesized median” to
“140.00"-> Click Run button.

"?n"r decriptives.sav [DataSet1] - IBM SPSS Statistics Data Editor

File Edit View Data Transform Analyze DirectMarketing Graphs  Utilities  Add-ons  Window  F ;
Objective  Fields :Settings;
f= ) _J_l_ Reports b m m __.,.*:' — - — ! I
-' = g = : i |:|u|:| EeiimECS |
— — Descriptive Statistics P - : Select an item:
408 Tables k Choose T (2) Automatically choose the tests based on the data
gender height Compare Means 3 age marital incom Tesloptions '_'—'D@ Customize tests
798 Vale o General Linear Model 4 % Marned L Wissing | Compare observed binary probability to hypothesized (Binomial test)
- : ser-Missing Valijes Lo
389 Male 69.6 Generalized Linear Models b 40 Marrfed 4
290 Female h8.% Mixed Models \ 50 Marr?ed 25
391 Female 66. Correlate . k) Married 4 e "] Compare observed probabilities to hypothesized (Chi-Square test)
392 Male 673 - 39 Unmarried 10
Fegression 2 .
393 Male AT - 50 Married 12 B
394 Male 63 4 Loglinear r 71 Married || Test observed distribution against hypothesized (Kolmogorov-Smirnov test)
reural Metworks k .
395 Male 70.4 - 31 Lnmarried
Classify » , )
396 Male 67 .4 o . - . 39 Unmarried ? [« Compare median to hypothesized (Wilcoxon signed-rank test)
J imension Reduction -
397 Male Ba. - X 20 Unmarried 2 Hypothesized median: [140 &
398 Female 70.]  Scale 29 Unmarried 1 -
309 Female 661 Monparametric Tests b One Sample... ) || Test sequence for randomness (Runs test)
400 Female 701 Forecasting " | M Independent Samples.. 1
N i I
401 Sunival A Related Samples...
— . b
402 Multiple Response Legacy Dialogs b [h Run][ Paste ][ Reset ][ Cancel ][@ Help]
403 Missing Value Analysis... | I - 7 s e - .



Outpul

P<005=>
statistically significant
difference
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
- SR Cne-Sample Feject the
g e median of Weight In pounds wiicoxon Signed 000 nul
1 T Fank Test hypothesis.

Asymptotic significances are displayed. The significance level 1s .05,



Reporting

The median weight of the study population was significantly
higher than the median weight of 140.00 pounds reported In
the literature (P < 0.001).




Binomial Test




Binomial Test
Purpose

To determine whether the sample proportion of one category in a binary
(dichotomous) variable equals a hypothesized proportion value.

Principally used with categorical data to test the equality of
proportions = Whether the proportion of cases in one of only
two possible categories is equal to a pre-specified proportion

HE Also called “one-sample proportion test”.

Assumptions

(1) The variable is dichotomous.
(2) The observations are independent.
(3) Existence of a hypothesized proportion for comparison.




Commana Path

Vienu
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=N = Reports b o - Eeees
= B = e H B

i E'T'} v Descriptive Statistics b | =
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gender height Compare Means b age marital Incom

1 Female 64 1 EEHEFE' Linear Maodel 2 25 Married 2

3 Male 673 Mixed Models b 36 Unmarried 3

4 Male b4 4 Correlate b 37 Unmarried 5

5 Female h8.3 Regression b 28 Married al

0 1 i

b Female 669 Loglinear b b5 Unmarried gi

' I

; FEEE:E :E Meural Metworks » i ﬁarr?ej 1;

4 !

9 F EIIE E?-‘ classiy ' 45 U Err?ed Tl

emale . nmarrie

10 Mal 65 1 Dimension Reduction » 42 Maried 13

ale . arrie '

12 Male EE-’ Monparametric Tests » A One Sample.. i

13 Female 59 5 Forecasting g M\ Independent Samples... £}
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15 Male 639 r-.-'l.gltlr.:rle Fesponse | 3 Legacy Dialogs v B

16 [Male 65.2 Missing Value Analysis... | 26 Unmarred 2

Rashad Abdul-Ghani



Praciice

Use the descriptives.sav file to to compare the '
proportion of males (51.8%) with that published in the (27
literature (suppose it to be 75.0%)

- N
The test compares the first category of the binary variable = One should check
o t2 Bl the coding of the categories.

- J




» It Is performed using the same steps of one-sample Wilcoxon signed-rank test,
with the exception that “gender” is moved to the “Test Fields” panel and

“Compare observed binary probability to hypothesized (Binomial Test)” is chosen
In the “Settings” window

@,'“ One-Sample Monparametric Tests

@'ﬁ One-Sample Monparametric Tests X

Objective | Fields | Seftings

(©) Use predefined roles

@ U tom field . i Select an item:
se custom field assignments
Figld - Choose Tests (2 Automatically choose the tests hased on the data
rlelgs: Test Fields: _
: — Test Optians @ Customize tests
Sort |[Mone bl dJJ Gender

& Heightin inches

User-Missing Values [« Compare obzerved binary probability to hypothesized (Binomial test)
&’ Weightin pounds :

c0 0 @ & &
& Weight six months after diet 00 @ - _ ,
& Age in years e0 ® . ] Compare observed probabilities to hypothesized (Chi-Sguare test)
& Marital status e ;...
& Household income in thousands ce0 @ -
&5 Level of education ° 0 . [7] Test observed distribution against hypothesized (Kolmogorov-Smirnov test)

®

& Zzcore: Weight in pounds

[T compare median to hypothesized (Wilcoxon signed-rank test)

[7] Test seguence for randomness (Runs test)
g &l

[l- Run][ Paste ][ Reset ][ Cancel ][3 Help]

[ = Run ][ Paste ][ Reset ][ Cancel ][9 Help]




» Click “Options” button, set the “Hypothesized proportion” at “0.75"and tick the
option “Clopper-Pearson (exact)” under Confidence Interval.
» Click “OK”

'a?,'# Einomial Options

.— Hypothesized proportion: 075

1|»

Confidence Interval

| Likelihood ratic

Define Success for Categorical Fields Define Success for Continuous Fields

@gse first category found in data éﬁ?

© Specify success values Success is equal to or less than

@ Sample midpoint
© Custom cut point

>

G——" | ok || cancel || @ Help]
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% Nonparametric Tests

P<0.05=>
statistically significant
difference
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
The categones defined by Gender= Cne-Sample Feject the
1 Female and Male occur with Binomial 000 null
probabilities 0.75 and 0.25. Test hypothesis.

Asymptotic significances are displayed. The significance level 1s .05,



Outpul

» By double-clicking on the “Hypothesis Test Summary”, we can obtain the 95% ClI.

Confidence Interval Summary

95% Confidence Interval

Confidence =

IntewaITypeT Parameter% Estimate%

Lower Upper =

Cne-Sample
Binomial Frobabilit
Success Hate (Gender=Male) 518 Ab7 abr

Clopper-
earson)




Reporting

The proportion of males in the study population (51.8%, 95%
Cl: 46.7-56.7) was significantly lower than the proportion of
75.0% reported in the literature (# < 0.001).
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istics Diata Editor
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- | M e B i O ®
Descriptive Statistics » e Test Variable List:
Tables b = '
Compare Means 3 age marital income edu_level Zweight ﬁ Heightininches [h % Gender [gender]
General Linear Model b 36 Unmarried 35.00 Readand .. 9 ﬁ Weight in pounds [ei...
Mixed Models b 5 Married 12500 Read and . 20 ﬁ .-':".EIE! in years [EIEIE!]
Correlate N 42 Married 132.00 Secondary... 1.9 % Marital stat ital
Regression . 40 Married 26.00 Primary ed... 9 ee Marital status [marital]
Loglinear . 58 Unmarried 31.00 Uneducated 19 c00@® & Household income int...
0 : 00 O '
Neural Networks b 37 r'u’larrfed 62.00 Uneducated 18 ce0 @ % Level of education [ed...
Classity . 26 Unmarried 2200 Uneducated 1.8 . ; ;... ﬁ Zzcore: Weightin pou...
54 Unmarried 31.00 Primary ed... 18 .90 ®

Dimension Reduction r
- 39  Unmarried 4300 Readand .. 1.7
Scale | g 30 Macriad 19.00 Uneducated 7 -Define Dichotomy Test Proportion: [g.75
Monparametric Tests ] A One Sample... £6.00 Uneducated 16
Forecasting 2 M Independent Samples. . 36.00 Primary ed.. 15 @ EEt from data
Survival : A Related Samples... 20.00 Uneducated 1.5 Cut point.
Multiple Response F Legacy Dialogs . E Chi-square..

Missing Value Analysis... T Unmamed E; . :
Multiple Imputation b 49 Married I — | OK || Paste || Reset || Cancel || Help |
Comblex Samoles 3 23 Unmarried &l Runs..
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= NPar Tests

P<0.05=>
statistically significant
difference
Binomial Test
Obsenved Exact Sig. (1-
Category [\ Frop. Test Prop. tailed)
Gender  Group1 | Male 207 A2 18 .ooo®
Group 2 | Female 183 48
Total 400 1.00

a. Alternative hypothesis states that the proportion of cases in the first group = .75,




Chi-Sguare Goodness-of-Fit
Test



Chi-Square Goodness-of-Fit Test

Purpose
qA nonparametric test used to test whether frequency distribution (proportion) of

one categorical variable differs from an expected (theoretical) distribution.

The closer the expected values are to the observed values, the smaller the
value of chi-square = Larger chi-square values means larger differences
In the observed vs. expected values, which may then lead to rejection of the
null hypothesis.

Also called one-sample chi-square test, or multinomial test.
Assumptions

(1) One categorical variable (nominal or ordinal)
(2) Independent observations
(3) Relatively large sample size

 The expected frequency for each category is at least 1
 The expected frequency is at least 5 for 80% or more of the categories



Commana Path

Vienu

Analyze =#\onparametric Tests= Legacy Dialogs = Chi-square

5et1] - IBM SPSS Statistics Data Editor
n  Analyze DirectMarketing Graphs Ulilities Add-ons Window Help

. Reports 3 H ﬁ s % = LA % ‘ A
_ | Descriptive Statistics b Y & G [
] Tables r
E Compare Means » var var var var var var
General Linear Model 3
Generalized Linear Models »
Mixed Models 3
Correlate r
Fegression P
Loglinear r
Meural Metworks 3
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Limension Reduction 3
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Monparametric Tests » A One Sample...
Forecasting : M\ Independent Samples...
surival : A Related Samples...
Multiple Response r seTis s . E e —
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Praciice

Use the dataset chi-square_goodness-of-fit.sav to test '

if the flavors of candies (orange, lemon and (. *’ ..
strawberry) are preferred by children equally.

s N
For a dichotomous variable, it i1s better to use a binomial test because it gives

I\oyr2 B the exact instead of the approximate significance level.
~ J




» In the “Chi-square Test” window, move the categorical variable “Preferred flavor of candies”
into the “Test Variable List” panel =» Tick “All categories equal” option
» Click “Options” button = Tick “Descriptive” option =» Click “Continue” and “OK” buttons.

Ei!,'# Chi-square Test: Options

':Fﬁ Chi-square Test

Test Variable List: Statistics
& id -J?__)&; Preferred
Missing Values
@ Exclude cases test-by-test
(@ Exclude cases listwise
—:B')nnﬁnue][ Cancel ][ Help ]
Expected Range Expected Values
@ Getfrom data All categories equal
(©) Use specified range ) Values:

OK || Paste || Reset || Cancel || Help
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Descriptive Statistics
M Mean std. Deviation | Minimum | Maximum
Freferred flavour of
candies 40 1.749 .86 1 3
t Not needed Categories
No. of cases
Chi-Square Test
Differences between observed and expected

Frequencies frequencies.

Preferred flavour of candies ‘

Observed M | Expected N | Residual
Qrange 349 30.0 9.0
Lermaon a1 30.0 1.0
Strawberry 20 30.0 -10.0-
Total 80

No. of expected observations are
equal as per the hypothesis (no
difference

Differs the most
from expected

Consistent

assumption for chi-square

test

with

Test Statistics
Freferred P<0.05 >
flavour of Statistically
candies significant
: - difference from
Chi-square G OGRT random
df 2
AsYmp. Sig. 042

the

30.0.

i 0 cells (0.0%) have
expected frequencies
less than 5. The
minimum expected

cell frequency is

- L 4

" Candy flavor were distributed

unequally =>» There is a
preference for a particular candy
flavor, which is “Orange”




Reporting

A chi-square goodness-of-fit test showed that there were

statistically significant differences in the preference of the type A N
of candy flavor among children (x2 = 6.067, P = 0.048), with most /
children preferring the orange-flavoured candies. >
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Significant difference in
the preference of candy

flavours
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
The categories of Preferred flavour  One-Sample Feject the
1 of candies occur with equal Chi-Square 048 null
probabilities. Test hypothesis.

Asymptotic significances are displayed. The significance level 1s .05,



/
N\

N\
/

:

Remember

The two data-processing methods for conducting chi-

square goodness-of-fit test in SPSS

Nonparametric Tests =
Legacy Dialogs

Nonparametric Tests = One
Sample




[We Samnolas
Independent Samples



»~ Statistical lests for Iwo Independent Samples
(1) Independent-samples /-test

(2) Mann-Whitney U test
(3) Chi-square test of independence




Independent-Samples
t-Test



Independent-Samples t-Test

Purpose
To compare the means of two independent samples.

Significant difference between the sample means =
Inference that the unknown means of the population
are also different.

s Also called U[ﬁ][@@ﬁf@d T-T@ST

Assumptions

(1) Independent samples (each case must be in one group only).

(2) Independent measurements (only one measurement for each case)

(3) Dependent variable is scale and normally distributed, while the grouping
variable is dichotomous.

(4) Homogeneity of variances between the two groups.
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