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[Previously saved workspace restored]

> secwd ("C:/Users/andyg/Deskcop/R™)
> getwd()

[1] "C:fUsers/andyg/Desktop/R"
>

Describing Data using Statistics
Data Collection

Descriptive Inferential
l Case or element !
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Describing Data using Statistics Describing Data using Statistics

Description o
 Central Tendency Description:

~

Gender Height (m) Data
Male  1.89
Female 175 e
1 |Gender Height
Male  1.64 2 |Mmale 189
Male 1.81 3 |Male 1.64
4 |Male 1.81
5 |Male 1.54
& |Male 1.93
7 |Male 174
3 |Male 1.82
9 |Male 1.91
10 |Female 1.75
11 |Female 1.59
12 |Female 1.88
13 |Female 1.65
14 |Female 17
15 |Female 1.69
16 |Female 1.68
17 |Female 18

MFheights.csv Import into R

MFheights.csv

File  Edit  View
> MFhelghrs <- ead.cav("MFheights.cav", header = TRUE, colClasses = c("factor®, “mumerict))
Gender, Height
Male,1.89
Male,1.64
Male,1.81
Male,1.94
Male,1.93
Male,1.74
Male,1.82
Male,1.91
Female,1.61
Female,1.59
Female,1.52
Female,1.65
Female,1.64
Female,1.69
Female,1.68
Female,1.45




Summary Various Descriptive Statistics

Max. 115340
> mean (MFheLghTssHeLght)
[1) 177625
> median(MFheightsifeight)
1 1.778
> min (MFheightaSHeight)
[ 1.8

max (MFResgnTaiEeLghE)

> summary (MFheichts)

> waz (HFheightatHeight)
=

1..Gender Eeignt
. 111 0.01262:

Min.  :1.5%0
1st Qu.:1.688

Mean  :1.778
3rd Qu.:1.883
Max, 11,940
> sunmazy (MFheightsSHeight)
T Qu. Median  Mean 3rd Qu. Max.
1.688 1.775 1.776 1.883  1.940

> 3QR (MFheightasHeight)
I 0.188
> table (MFresgnesieighe)

1.59 1.64 1.65 1,68 1.65 1.7 174 1.75 1.9 1
L1 1 1 1 o1 1 1 1

=1

14

Boxplot Histogram

&

Histogram of MFheightsSHeight
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Describing Data using Statistics

Sample — Population

Descriptive Inferential
' Case or element '
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Describing Data using Statistics Correlation
Description

O Central Tendency There is much interest in whether there is a
* Mean, Median, Mode

relationship between pupils’ ability at sport and

Data

Correlation

] a1 v|i[x v £

4 5 678 9 10]

IIIIIIIIII
score

Maths 24 29 20 27 16 28 28 23 21
score

Import Data Plot the Relationship

725103

o e s i, st




Correlation

R i 545 o x

CEEm

] STE (S| R Rlpes Oerce 2 ATV ===
i

Maths SportSSport

2

Maths SporsMams

25

25

Correlation

The correlation, r, has the value 0.725.

The p-value is the probability that the correlation
found between the two variables could be a
chance result. As p here is less than 0.05 the
correlation is unlikely to be a chance result.

The conclusion is that there is a relationship
between SPORT scores and MATHS scores in the
wider population of first year secondary school
pupils. The results can be generalised.

27

27
1 Which is the odd one out? 2 What is 22x 227 3 X=5and¥=7
IQ A Orange A 474 A+ (Y-X)=
B Apple B 484 A 5
€ Polato ¢ 4pd B 7
D Banana D 304 ¢ 8
p
4 What shape completes the sequence?
Ooo |[+] (Al
redioin
A A? 3 D
5 What shape completes
the sequence?
PR
oK ?
'S 'y 9T (8'2 ) ssemsuy
29
29

Correlation

tiom is not equal te O

26

Regression

A study looked at the possibility of predicting students’
future reading ability (READING) from their
intelligence score (1Q).

Ten children were included in the investigation, selected
at random from a primary school class. The children’s
1Q scores were obtained when they entered the school
and the corresponding reading score was obtained at the
end of the first year. The reading score was the result
out of 100 on a test.

28

IQ : Reading

115 124 97 135 105 117 101 110 127

-54 74 8 59 8 70 78 73 84 86

30



IQ : Reading

Hypotheses
H,: READING score cannot be predicted

a1 MHERF I

from IQ score

SN Yl el il el el Sl el

B

Import the Data

10.Besding <- resd.cav(“I0-Reading.csv?, heades = TRUZ, colClasses = G ("sumeric”, “mamesic®, "numesic”])

Regression Equation

Regression Equation

0 10 127 e
> cor.Test (10 ReadingSReading, 10.Resaingslo)

FPesrsen's progustomoment sorrelatien

data:  1G.Beedingffzading and 10,Aeadingt1Q

& = 4.626, d4f = 5, p-value = 0.001697

alternative hypethesis: true correlation is net equal e 0
cent confidence intezvali

©.482851% 0.564€213

sample ssvimates:

©.0531604

> 1m(10.ResdingSReading ~ 10, ReadingSIa)

ca11:
m(formala = IQ.ResdingéReading - IQ.ReadingéIQ)

Costficienta:
(Interceps) I0.ReadingSI0
~5.8247 0.1398

Regression

The regression equation




IQ: Reading + Availability of Books Hypotheses
; . : H,: READING score cannot be predicted

a | s | e |'p | E | F

A 9 9
o 10 Books  Reading from a combination of IQ score and number
2 | 1 98 5 54 i
3_ 2 115 25 74
4 | 3 124 37 81
5_ 4 97 10 59
6 | 5 135
7] 6 105 30 70
N 7 117
9 | 8 101 73 73
9
10

37

) Import the Data into R
|Q/Books : Reading

. A B & | D E F

1D a Books  Reading ) o v Lo Sendes - SHUE, ceiCissees ’

2 | 1 98 5 54

3 | 2 15 25 7

4 | 3 124 37 81

5| 4 97 10 59

6 | 5 135

7 | 6 105 80 70

8 | 7 17 78

9 g 101 73 73 T 551G Soors Reading

10| E] 110 80 84 Pl
10 86

39

Regression Equation
Multiple Regression Equation

+ 10.800ks. ResaingIBLOES)




Multiple Regression

The multiple regression equation

“READING = 6.478 + 0.531 X IQ +.140 x
Books Available”

can be obtained by equating the dependent
variable Reading to the CONSTANT value
6.478, plus the independent variables 1Q
multiplied by its coefficient 0.531 and the
number of Books Available multiplied by

IQ/Books/Sex : Reading

A B C D E F

11D [o} Books Sex Reading
2 1 98 5 1 54
3 2 115 25 2 74
4 3 124 37 2 a1
5 a4 97 10 1 59
6 5 135 90 1 88
7 6 103 80 1 70
8 7 117 88 2 78
9 8 101 73 2 73
10 9 110 80 1 84
11 10 127 100 2 86
12

13

.140. = IQ-Books-Sex-Reading.csv a
43 44
Import the Data into R Regression Equation
— model <- Im(IQ.Books.Sex.Reading$Reading ~
1Q.Books.Sex.Reading$lQ + IQ.Books.Sex.Reading$Sex +
1Q.Books.Sex.Reading$Books)
1Q.Books.Sex.Reading <- read.csv("IQ-Books- =l
Sex-Reading.csv", header = TRUE, colClasses =
c("numeric”, "numeric", "numeric", "numeric*,
‘numeric’)) .. —
45 46

Multiple Regression Equation

Coefficients:

Estimate §td. Error t valus Pr(>|t|)
(Intercept) €.3863 15,3608 0.416 0.6921

| 10.Books. Sex.ReadingsIQ 0.5079 0.1542 3.294 0.0165 *
I0.Books.Sex.ReadingSSex 1.8091 3.2472  0.557 0.5376
I0.Books.Sex.ReadingSBooks  0.1405 0.053%  2.606 0.0403 *

'Reading = 6.39 + .5 x 1Q + .14 x Books + 1.8 x Sex

Note that Sex is a categorical variable with two levels (Males = 1
& Females = 2).

In this case the regression weighting (1.8) is added to the

predicted Reading value. So for females 1.8 (1.8 x 1) would be
added and for males 3.6 (1.8 x 2) would be added.

47

Multiple Regression: Relative Importance
Which variables are important?

Install and load the “QuantPsyc” package, and use the function
“Im.beta” on your model.

R R Console ol =]

[Lm. beta (model)
1. Bocks. Sex.Reading$IQ  IQ.Books.Sex.Reading$Sex IQ.Books.Sex.Reading$Books
0.58571381 0.08464255 0.44603647

You now have the standardised regression coefficients, which you
can now compare.

1Q: 0.58571381

Sex: 0.08464255

Books Available: 0.44603647
And you can see that the most important predictor is 1Q, followed
closely by Books Available. Sex is not contributing very much.

48



Describing Data using Statistics Comparing Groups (2 groups)

Description An experiment is carried out to see if announcing the
items on a conveyor belt as they pass helps children

Import Data

1n(formula = 10.ReMAIRGII0 - 1Q.REAAIRGSRARALEG)
Coezzicienss:

IIntersepe)  10.ReadingsResding
9.5038 0.983%

52

Summary




t-test Analysis

P =0.08 > 0.05 Therefore not significant

Welch Tus Sample t-cest

sacar
Lo, = 1 [povaane = o

between grouw
55 percent confidence incervali
-5.3033349  3.403324%
sarple estimaces:
mean in group Anmeunsemant mean inm group Mo Anmouncement
.5 s.0

=1

Comparing Groups (3 groups or more) Comparing Groups (3 groups or more)

An experiment was carried out in which a sample of adults was The results were as follows:

selected and randomly allocated to four groups. All were asked
31.2 274 298 335 340

sves R

57

Data Import Data

9 One Unit
10 One Unit
11 Two Units

SIS

29.2
36
42.1

B | E F G
1 o aleohol stopplng R
2| 1 No Alcohal 312 :
3| 2 No Alcohol 274 >
4 | 3 No Alcohal 2.8 N
5 | 4 No Alcohol 35 s
6 | 5 No Alcohol EL > Sespping <~ reat.cav("alashol-scoppiag.csve, eser = TRUZ, colClassesd
7| 6 One Unit 312 > s
8 | 7 One Unit 33.7 LT
) & One Unit 343 :
i
B
i
‘
.
B

12 Two Units
13 Tweo Units
14 Two Units
15 Two Units

0.6

16 Three Units.
17 Three Units. 45.1
18 Three Units.
19 Three Units.
20 Three Units

30 Thies Dnics

59



Compare Data Compare Data

> Seopping <- zesd.caveeal . , meactose, “mamszscel)

LrEeeame e

s ety gttt

Analysis

Df Sum Sg Mean Sg F walue Pr (>F)
StoppingSalcohol 3 456.1 152.04 21.52 6.52e-0g ***
Residuals 16 111.0 6.94

Signif. codes: 0 Y##**f (0,001 ‘#%f Q.01 ‘%7 Q.05 Y.’ 0.1 *

20 Theee Umics

> 4Bova <- MOV (ILCEPARGINTORPLRG ~ Stoppingaleonel)
> summaryanova)

Df Sum Sq Kean 5q F value  Pri:F)
Scoppingfalachel 3 4BE.1 153.04  31.53 .52e-08 44
Besidunle 16 L0 6.8

saimr. codes: G teasd 0.001 '+xf 0,01 +f 0.08 L. 0.1t L

Multiple Comparisons Multiple Comparisons

diff lwr upr p adj
Cne Unit-No Alcohol 3.70 -1.0654663 £.4€5466 0.1596059
S Three Units-No Rlcohol 12.22 7.4545337 16.985466 0.0000091
e e e TeE Two Units-No Aleohol 9.42 4.6545337 14.185466 0.0001901
sm:::munux 1: :::; “i':: e faszesne Three Units-One Unit 8.52 3.7545337 13.2854e6 0.0005430
Two Units-Cne Unit 5.72 0.5545337 10.485466 0.0161514

Signif. codesr O terrr 0.0D1 Ve 0,01 'Y 0,05 N7 0.1t ¢ L
> TukeyHSD (ancva) Two Units-Three Units -2.50 -7.5654€63 1.965466 0.3649771

Tukey multiple conparisons of means
5% family-wise confidence lewel

10 -7.5654061 1,50%466 0.3645771




67

69

71

Tukey Plot

|

67

Tukey Plot

95% family-wise confidence level

One Unit-Ho Alcohol ——

Thiea Uinits-Ho Alcahal

Twa Units-Ho Alcahol

Thwee Units.One Unit

Two Urits-Gn Unit

Units - F

+ T
o |s w0 s

Differences in maan lavels of StoppingSunits_of_alconal

69

Comparing Groups (4 groups and M/F)
The results were as follows.

NO ALCOHOL Ejiwi 27.4 29.8 335 34.0

M

A EAVi31.2 337 343 39.2  36.0
£ WCANTiAMN42.1 406 434 379 390
s IGLEANIEN46.7 451 432 417 403
E NOALCOHOL 351 323 354 381 359
M ONEUNIT 328 359 361 409 382
. TWOUNITS 381 359 402  39.8 37.6
E THREEUNITS 398 317 412 391 379

Stopping Distance in Metres

e ¥ - o
oc]=)
[« =@ 5 || e saen vesezucme =]
85% family-wise confidence level
3 avcotal [ ]
3 Atconal - ; - 1
 Atconal H —_
e Unit - 1l
0 Unit —_
e Units | ———+—+—
0 5 0 i
Oiforonzas in maan kavaks of StoppmgSaiechol

70

72

Comparing Groups

An experiment was carried out in which a sample of adults was
selected and randomly allocated to four groups. All were asked
to consume amounts of alcohol as follows:

Group 1: NO ALCOHOL

Group 2: ONE UNIT OF ALCOHOL
Group 3: TWO UNITS OF ALCOHOL
Group 4: THREE UNITS OF ALCOHOL

after which they were asked drive a car simulator and perform
an emergency stop at 40 miles per hour. The distance to
stopping the simulator in metres by each group member is
shown below.

Is this the same for both males and females?

70

Comparing Groups (4 groups and M/F)

Female 59
Female 31
Female s




Three Questions

1. Is there a difference in the stopping distance
according to the amount of alcohol
consumed?

2. Is there a difference in the stopping distance
between male and females?

3. Is the effect of amount of alcohol consumed
on stopping distance different for males and
females?

1 & 2 = main effect
3 = interaction

73

> boxplot(stopping~alcohol, data=stopping)

> boxplot(stopping~alcohol, data=stopping,
col=rainbow(4))

;{.54

0 Units 1 Unit 2Units 3Units

akohol

75

> tapply(stoppingSstopping, stoppingSgender, mean)

R R Consie o] =
I,

77

Import Data

> stopping <- read.csv("alcohol-gender-stopping.csv",

header = TRUE, colClasses = c("numeric", "factor", "factor",

"numeric"))

R R Console (=5
|

74

> boxplot(stopping~gender, data=stopping,
col=c("red", "blue"))

stopping

Female Male

76

> tapply(stoppingSstopping, stoppingSalcohol, mean)

nlk Conscle
I

B

|

78



> tapply(stoppingSstopping, list(stoppingSgender,
stoppingS$alcohol), mean)

— ==ro

79

ANOVA

One-Way Between-Groups ANOVA
Single independent variable.

Two-Way Between-Groups ANOVA
Factorial/Multifactorial ANOVA

2 independent variables - two factors

81

2-Way ANOVA

> anova2 = aov(stopping ~ alcohol + gender +
alcohol:gender, data = stopping)
> summary(anova2)

2 e =
R Conscle e =]

83

> count <- tapply(stoppingS$stopping,
list(stoppingSgender, stoppingSalcohol), mean)
> barplot(count, main="Stopping Distance",
beside=TRUE, xlim=c(0,16), legend=TRUE,
col=c("red","blue"))

Stopping Distance

g4 - e
II |

OUnits  TuUnt  2Unis  3Units

80

2-Way ANOVA

> anova2 = aov(stopping ~ alcohol + gender +
alcohol:gender, data = stopping)
> summary(anova2)

82

2-Way ANOVA

R R Console ==

I
[Pres




2-Way ANOVA

37.100 37.515
> tapply(stopp: lcohol, mean)
0 Units 1 Unit 2 Units 3 Units

33.27  35.83 38.46  40.€7
> tapply (s list(stoppi

0 Unics 1 Unit 2 Units 3 Units

Female 35.36 3€.7¢ 38.32  37.%4
Male 31.18 34.88 40.60  43.40
> count <- Tapply list B . leonel), me
>

» stoppingSalcohol), mean)

> barplot (count, main="Scopping Distance”, beside=TRUE, , xlim=c(0,15), legend=S
> bazplot(count, main="Stopping Distance”, beside=TRUE, , X1im=c(0,16), legend=$
> anoval <- aov(stopping ~ alcchol + gender + alcohol:gender, data = stopping)
> summary(anoval)

Analysis of Variance Table

Response: sStopping

am Sg Mean Sg F value BrloF)
alcohol 3 343.24 114.747 15.9097 1.6522-06 *** ]
gender 1 1.72 1.722 0.2388 0.628413

alconol:gender 3 138.51 46.170 6.4014 0.001€03 **
Residuals 32 230.80 7.212

Signif. codes: 0 S#**/ 0.001 ‘¥*/ 0.01 ‘%% 0.05 ‘.f 0.1 ' ¢ 1
>

85

37.100 37.515
> tapply

1 Unit 2 Uaits 3 Units
35.83  35.46  40.67
1ist
0 Unita 1 Unic 2 Units 3 Unics
35.36 36.78  38.32  37T.94
31.18 34.88 40.60 43.40
> count <= TABPLY( g, list lcohol), m$
>

> barplot(count, main="Stopping Distance®, beside=TRUEZ, , xlim=c(0,15), legend=:d
> BACPLOL (COURT, MALne"Stopping Distance”, DesidesTRUE, , xlimec(0,16), legenams
> anoval <- aov(stopping -~ alcohol + gender + alcoholigender, data = stopping)
> summazy(ancvel)

Analysis of Variance Table

Response: stopping

Df Sum Sq Mean Sq F value Fz(>8)
alconol 3 344.24 114.747 15.5087 1.€52e-06 **+
gender 1 1.72  1.722 0.2388 0.628413
alcohol:gender 3 138.51 46.170 ¢€.4014 0.001603 **
Residuals 32 230.80 7.212

sllmul.- codes: 0 ****f 0,001 '*** 0.01 *** 0.08 *.” 0.1 ** 1
¥

37.100 37.518

> tapply(stoppingSstopping, stoppingdalcohol, mean)
0 Units 1 Unit 2 Units 3 Units
33.27  35.83  39.46  40.67

> tapply(stoppingSstopping, list(stoppingSgender, stopping$alcohol), mean)

Units 1 Unit 2 Units 3 Units

Female 35.35 36.7%  38.32  37.9¢

Male 31,15 32,85 40,60 43.40

> count <- tapply list( lcohol), me

bazplot (count, main="Stopping Distance", beside=IRUE, , xlim=c(0,15), legend=$
> barplot (count, main="Stopping Distance, beside=TRUE, , xlim=c(0,16), legend=S
> model = Im(stopping ~ alconol + gender = alcoholigender, data = stopping)

> anova(model)

Znalysis of Variance Table

Response: stopping
Df Sum Sg Mean Sg F value  Pr(>F)

atconol 3 344.24 114.747 15,9097 1.6520-06 ~+*
alosholigemder 3 138,51 §6.170 6.4014 0.001603 ot ]
TERTHETE T

Signif. codes: 0 “#4%Y 0.001 ‘4% 0.01 “#7 0.05 ‘.7 0.1 7 1
>

89

Rol

mean)
0 Units 1 Unit 2 Units 3 Units

33.27  35.83  35.46  40.67
> capply(stoppingistopping, list(stoppinggender, stoppingSalcohol), mean)

© Units 1 Unit 2 Units 3 Units

Female 35.36 3¢.78 ae.32 37.94
Male 31.18 34.82 40.60 43.40
> count <= tapply( Liat( lcohol), mé
>

> barplot(count, main="Stopping Distance”, beside=TRUE, , xlim=c(0,15), legemd=$
> barplot(count, main=“Stopping Distance®, beside=TRUE, , xlimec(0,l16), legend=3
> anoval <- aov(stopping ~ alcohol + gender + alcohol:gender, data = stopping)
> summary (anoval)

Analysis of Variance Table

Response: stopping
Df Sum Sq Mean 5q F value  Pr(>F)
alcohol 3 344.24 114,747 15.8087 1.652e-06 ***
gender 1 1,72 1,722 0.2388 0.628413
46.170 €.4014 0.001603 **
7.212

32 230.80

!qu'n.\!. codes: 0 ‘***f 0,001 ***' 0.0L *** 0.05 *.* 0.1 ** 1
>

86

37.100 37.518
lcohol, mean)

1 Unitc 2 Units 3 Unics
33.27 35.83 39.46 40.€7
¥ 1ist (st

Units 1 Unit 2 Units 3 Units
Female 35.36 36.78 38,32 37.94
Hale 31.18 34.28  40.60 43.40
> count <- TAPPLY(STOpPARGESTopping, list(stoppingigender, stoppingSalcohol), mf
>

> bazplot(couns, main="Scopping Distance”, beside=TRUE, , xlim=c(0,15), legend=S
> barplot(count, main="Stopping Distance®, besidesTRUE, , xlimwc(0,16), legend=§
> amoval <- aov(stopping - alcohol + gender + alcoholigender, data = STOpping)
> summary(anoval)

Analysis of Variance Table

Response: stopping

Df Sum Sq Mean 5q F value  Pr(>F)
alcohol 3 344.24 114.747 15.9087 1.652e-06 ***
gendex 1.72  1.722 0.2388 0.628413
alcohol:igender 3 138.51 4€.170 €.4014 0.001603 **
Residuals 32 230.80 7.212

¢ 0.001 **** 0.01 *** 0.05 *.* 0.1 ** 1

Interaction Plot

> interaction.plot(stopping$alcohol, stopping$Sgender,
stoppingSstopping)

SOPPINGSOH

7
2
)

s
g
5
o

0unts 1 Unit 2ums  Sunis
stoppingSakohol




Interaction Plot
> interaction.plot(stoppingSalcohol, stoppingSgender,
stoppingS$stopping, col=c("red", "blue"),
trace.label="Gender", xlab="Amount of Alcohol",
ylab="Stopping Distance (m)", main= "Stopping Distance
According to Alcohol Consumption")

Stopping Distance According to Alcohol Consumption

Gender

— Make
Femde

0Units 1unt 2unts  3unis

Amount of Alcohol

91

No Interaction

Stopping Distance According to Alcohol Consumption

Gender

- Femdle
— Male

Stopping Distance (m)

0 Units 1 Unit 2 Units 3 Units

Amount of Alcohol

93

Tukey HSD

R R Console [ESREERS

PR

Units:Female-1 Unit:Female
Units:Female-l Unit:Female
0 UnitsiMale-1 Unic:Female
Unit:Male-1 Unit:Female

cwenk

W

0 Units:Male-3 Units:Female
Unit:Male-3 Units:Female
UnitsiMale-3 Units:Female
Units:Male-3 Units:Female
Unit:Male-0 Units:Male
Units:Male-0 Units:Male

GubLLE LD e

95

Interaction Plot

Stopping Distance According to Alcohol Consumption

92

// Gender
o Py
P — Male
// Femdle

g %
g
8 3 4 /
a 7
=1 Y,
5 8-
& /

E p

d
Be
0 Units 1 Unit 2 Units 3 Units
Amount of Alcohol
Tukey HSD
> model_aov <- aov(model)
> TukeyHSD(model_aov)
= ron ==}

R Comsale
|

94

Tukey HSD

3 Units:Male-1 Unit:Female  6.62
0 Units:Male-2 Units:Female -7.14
0 Units:Male-3 Units:Female -6.76
2 Units:Male-0 Units:Male 9.42
3 Units:Male-0 Units:Male 12.22
2 Units:Male-1 Unit:Male 5.72
3 Units:Male-1 Unit:Male 8.52

96

0.0097756
0.0043336
0.0078740
0.0001006
0.0000009
0.0369452
0.0004547



Interaction

The conclusion is that the effect of alcohol on car stopping distance was
different for male subjects than for females.

A two-way between-groups analysis of variance was conducted to
explore the impact of gender and amount of alcohol consumed on a car
stopping distance. There was a significant interaction effect between
the amount of alcohol consumed and the gender of the person driving
the car on the distance needed to stop the car F(3, 32) = 6.4, p<0.05).

Analysis of Covariance

If three or more distinct groups — need
to control for 3™ variable:

Use one-way analysis of covariance or
ANCOVA.

Three Questions

1. Is there a difference in the stopping distance
according to the amount of alcohol drunk?

2. Is there a difference in the stopping distance
depending on age?

3. Does age affect the stopping distance
according to the amount of alcohol drunk?

101

Comparing Groups

An experiment was carried out in which a sample of adults was
selected and randomly allocated to four groups. All were asked
to consume amounts of alcohol as follows:

Group 1: NO ALCOHOL

Group 2: ONE UNIT OF ALCOHOL
Group 3: TWO UNITS OF ALCOHOL
Group 4: THREE UNITS OF ALCOHOL

after which they were asked drive a car simulator and perform
an emergency stop at 40 miles per hour. The distance to
stopping the simulator in metres by each group member is
shown below.

Does age make a difference?

98

Data for Analysis of Covariance
An experiment was carried out in which a sample of
adults was selected and randomly allocated to four
groups. All were asked to consume amounts of alcohol as
follows:
Group 1: NO ALCOHOL
Group 2: ONE UNIT OF ALCOHOL
Group 3: TWO UNITS OF ALCOHOL
Group 4: THREE UNITS OF ALCOHOL
after which they were asked drive a car simulator and
perform an emergency stop at 40 miles per hour.

However, we need to control for age.

100

Data for Analysis of Covariance
The stopping distances (m) obtained by each

group member is shown below.
The results were as follows:

No Alcohol 31.2 27.4 29.8 335 340
o

33.7 343 39.2  36.0

W42.1 406 434 379 390

45.1 43.2 41.7 403
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No Alcohol 25.00

31.20
24.00 27.40
No Alcohol 23.50 29.80
24.70 33.50
24.20 34.00
loneunit PR 31.20
Oneunit IO 33.70
Oneunit AWl 34.30
R E 22.00 39.20
Oneunit  PAKW 36.00
Two Units 24.30 42.10
24.60 40.60
28.00 43.40
Two Units 27.00 37.90
26.00 46.70
Three Units 25.00 45.10
Three Units 23.00 43.20
28.00 41.70
Three Units 31.00 40.30

103

Import Data for Analysis of Covariance

> stopping <- read.csv("alcohol-age-stopping.csv",
header = TRUE, colClasses =

c("numeric","factor","numeric", "numeric"))

B Console.
|

(=1
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Analysis of Covariance

> ancova<-aov(stoppingSstopping ~
stoppingSalcohol+stoppingSage)
> summary(ancova)

' (E=E EoR &)

« >

107

Sto ing Distance (m

105

107

Data for Analysis of Covariance

1 id alcohol  age stopping
2 1 0Units 25 312
3 2 0Units 24 27.4
4 3 0 Units 235 29.8
4 5 4 0Units 4.7 33.5
6 5 0 Units 2.2 34
7 6 1Unit 24.5 312
8 7 1Unit 26 33.7
9 8 1unit 27 34.3
13 12 2Units 24.6 40.6
14 13 2 Units 28 434
135 14 2Units 27 37.9
16 15 2 Units 26 39
17 16 3Units 23 46.7
18 17 3 Units 25 45.1
19 18 3Units 23 43.2
20 19 3 Units 28 a7
21 20 3Units 31 40.3
104
> means <-tapply(stoppingSstopping,
stoppingSalcohol, mean)
> means
o
88
TR R Console [E=R E=R =5
‘6 € 1 Unit 24.5 31.2
T 7 1 Unit 26.0 33.7
& & 1 Unit 27.0 34.3
° & 1 Unit 22.0 38.2
10 10 1 Unit 25.0 36.0
11 11 2 Units 24.3 42.1
1z 12 2 Units 24.6 40.6
13 13 2 Units 28.0 43.4
14 14 2 Units 27.0 37.9
15 15 2 Units 26.0 38.0
16 16 3 Units 23.0 46.7
17 17 3 Units 25.0 45.1
18 18 3 Units 23.0 43.2
18 1% 3 Units 28.0 41.7
20 20 3 Units 31.0 40.3
- ancoracoa (stoppingd starpi ngstoppingIl ool ctappingage)
ancova)
Df Sum Sq Mean 5q F value Pr (>F)
stoppingSalcohol 3 456.1 152.04 25.61 3.76e-06 *+*
Istnppingi\aga T 21.8 Z21.91 ENE 0.074 .
Signif. codes: 0 ‘EkEwr 0.001 ‘#%7 0.01 ‘4’ Q.05 ‘.’ 0.1 ' 1
4 »
No Significant Effect For Age (p=.074) 08
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‘R R Console

Chboooooawoooain

summary (ancova)

Df Sum Sg Mean 5g F value

31.2
33.7
34.3
39.2
36.0
a2.1
206
43,4
7.8
39.0
46.7
45.1
a3.2
a1.7
20.3

[E=NEoR ==

ngSstopping~stoppingdaleohol+stoppingiage)

B (>F)

Fmgpngsslcmal 3 456.1 152.08

25.61 3.76-06 *+*

Residuals 15

Signif. codes: 0 ‘eeer .

>

Significant Effect For Amount of Alcohol ( = <0.05)
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Estimated Marginal Means

> library('emmeans’)
>emmeans(ancova, 'alcohol’)

‘R R Console

=]

109

>

TukeyHSD
TukeyHSD(ancova,"stoppingSalcohol")

‘R R Console
|

110

Presenting the Results from One-Way ANCOVA

A one-way between-groups analysis of covariance was
conducted to compare the effect of amount of alcohol
drunk on stopping distance on a group of adult drivers. The
independent variable was the amount of alcohol drunk
(none, 1 unit, 2 units, 3 units) and the dependent variable
consisted of the stopping distance after an emergency stop
in the car at 40 miles per hour. Participants’ age was used
as the covariate in this analysis.

After adjusting for age, a significant difference (F(3, 15) =
25.61, p<.001) and was found between the amount of
alcohol drunk and the stopping distance.

111 112

Comparison of Groups Two-Way ANCOVA
A sample of male and female adults was selected

and randomly allocated to four teaching groups [Method | Gender |Pre-Test Score |Final Test Score |

using different teaching methods, after which Method 1 Male 25.00 31.20

they were given a test. [Method1 IR 24.00 2740

Male 23.50 29.80

Male 24.70 33.50

Male 24.20 34.00

Male 24.50 31.20

Male 26.00 33.70

Method2 YIS 27.00 34.30

Method2  [YETS 22.00 39.20

113

114
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Comparison of Groups (t-test)
A sample of adults was selected and randomly
allocated to four teaching groups using different

eacning metnodas, arte

were ven a

115 116

Comparison of Groups (t-test) Comparison of Groups (t-test)

> test <- read.csv("method-pretest-gender-test- > test <- read.csv("method-pretest-gender-test-
score.csv", header = TRUE, colClasses = score.csv", header = TRUE, colClasses =
¢("numeric","factor","factor","numeric”, "numeric")) ¢("numeric","factor","factor","numeric", "numeric"))

R i3 a collaborative project with many comtribuceza.
Type ‘contributors()’ for more information and

feieatien(}' on hew o Site R o R DACKAQSS Ln puslicarions.
Type ‘deme()' for some demss, 'help()' for on-line help, ©x
*help.scerci)’ MIML browser interface to help.

[Previcusly saved workspace restored]

‘andyg/Deskiop/ROata")
£3v|"meTEca-pratest-gender-test-score.cavt, header = TRUE, eslCls

h

o B B e

qendex pretest ssere
Hale 5.0
s
Hae
Hal
Hale
Hale
Hae

eedsmeune o

£

Hale

T

Hale
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Comparison of Groups (t-test) Comparison of Groups (t-test)
> t.test(testSscore ~ testSgender) > t.test(testSscore ~ testSgender)

a0 Female  26.0
> t.test(testacore ~ testSgender)

Welch Two Sample c-test
asta: testiscors by testigender

© = =0.30288, df = 28,195, p-value = 0.7642
1n means between group Female 4nd growps

True

95 perceat confidence iaterval:

-3.221062 2.381062

sanple estimaces:

mesn in group Female mean in group Male
37.100 3m.:18

=1
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Data for Analysis of Variance (One-Way ANOVA) Analysis of Variance (One-Way ANOVA)

A sample of adults was selected and randomly > anoval<-aov(test$score ~ testSmethod)

allocated to four teaching groups using different > summary(anoval)
teaching methods, after which they were given a
test. :ncwn\: : ==

Group 1: Method 1

Group 2: Method 2

Group 3: Method 3

Group 4: Method 4

One categorical variable — Method

One continuous variable — Final Test Score

121 122

Analysis of Variance (One-Way ANOVA) ) )
Data for Analysis of Variance (Two-Way ANOVA)

TukeyHSD(anoval) A sample of adults was selected and randomly
allocated to four teaching groups using different
teaching methods, after which they were given a test.

Group 1: Method 1
Group 2: Method 2 Males/Females
Group 3: Method 3
Group 4: Method 4

l R R Console [ole e

Two categorical variables — Method & Gender
One continuous variable — Final Test Score
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Analysis of Variance (Two-Way ANOVA) Analysis of Variance (Two-Way ANOVA)

> anova2<-aov(test$score ~ testSmethod + > interaction.plot(testsmethod, testSgender, testSscore,

testSgender + testSmethod:test$gender col=c("red", "blue"), trace.label="Gender", xlab="Test
> su%fmary(anovag’) $g ) Method", ylab="Score", main="Final Test Score vs Method &

Gender")
Rl =3 =8 ==~
I ey .

Final Test Score vs Method & Gender

Gondor

— Make!
Femde

Method 1 Mefod?  Method3  Method 4

Test Msthod 1"
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Maws of Variance Mwav ANOVA) Data for Analysis of Variance (One-Way ANCOVA)

> TukeyHSD(anova2) A sample of adults was selected and randomly
allocated to four teaching groups using different
teaching methods, after which they were given a test.

Yoo Group 1: Method 1

¥ 12 vz 13
| Male-Female 0.415 =1.31485 2.14488 0.€28413

£ vestimethoditestigender’
dafs pE P ad)

Method 2:Female-Mechod l:Female 1.42 -4.00189387 6.52198387 0.8685070
2,06 (Rr.54109387 5.4€196387 0.6606575
2.52 -2.82195387 £.08158387 0.THLTE7E
-4.18 -5.€8199387 1.32159307 0.2481314
-0.48 -5.58135387 5,02155387 0.8058811
5.24 -0.26188387 10.74188387 0.0710472
2,04 2.53800613 13,54199387 0.001007¢

1.54 -3.96198387 7.04198387 0,9832378
1.16 -4.38196387 €.66158387 0.886EL3T
-5.60 ~11.10199387 -0.09800613 0.0436885
-1.80 =7.40198387 3.€0158387 0.9478426
-1.68199387 §.32198387 0.3513162
1,11800613 12,12188387 0.0057756

slsaissasr £linissast o.sssssa
12064195387 -1. 63800613 0.0043336
=8.94199387 2.06199387 0.4817462
“alazissasr 7.7mism3sn olevsesas
Mefnod 4:Male-Nethod 3:female  5.08 -0.42139337 10.58195357 00874134
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Analysis of Variance (One-Way ANCOVA) Analysis of Variance (One-Way ANCOVA)

> ancoval<-aov(testSscore ~ testSmethod + > TukeyHSD(anoval)
testSpretest)

>
> wummacy (ancoval)
o2 Sum

¥ valuss  ExioR)
|zestSmethod 3 344.1 114.75 10.828 3.52e-05 ‘4
0.1 0.13 0,012  0.814

s

multiple compariscms of means
5% family-wise confidence level

Fit: aov(formula = tessfscore - testimechod)

> ancovale-sev - +
> susmazy (ancoval)

Df Sum 5q Mean 5q F value  Pr(>]
cestimechod 3 344.2 114.75 10628 3,520-05 =+
Testipretest 1 0.1 0.3 0.013  0.334
Besidusls 38 370.8  10.80

HMethod 3-Method 2 3.63 -0.2366512 7.496691 0.0723277
Method 4-Method 2 4.84 0.B733088 5.706691 0.0093L45
Mechod 4-Mecthod 3 1.31 -2.6566512 5.076€51 0.2336531

>
.

salgml. codes: O 'esf 0,001 Teer 0,01 V7 0,08 Y.F 0.1 %1
>

.
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Analysis of Variance (Two-Way ANOVA)

A sample of adults was selected and randomly > tapply(test$score, list(testSgender, testsmethod), mean)

Data for Analysis of Variance (Two-Way ANCOVA)

allocated to four teaching groups using different
teaching methods, after which they were given a test.

Group 1: Method 1

>

>

> tapply list. i )
Method 1 Method 2 Mathod 3 Method 4

Female  35.3¢ 3678 3032 37.%4

mi\c 3.8 3488 40.60 43,40

>
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Analysis of Variance (Two-Way ANOVA)

> plot <- tapply(testSscore, list(testSgender, testSmethod),
mean)

> barplot(plot, main="Final Score", beside=TRUE, xlim=c(0,16),
legend=TRUE, col=c("red","blue"))

Final Score

g9 ® W Female
B Maie

g4

&84

e

Method 1 Method2 Method3  Method 4
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Analysis of Variance (Two-Way ANCOVA)

> ancova2<-aov(testSscore ™
testSmethod+testSgender+testSpretest +
testSmethod:testSgender)

> summary(ancova2)

Analysis of Variance (Two-Way ANCOVA)

> test <- read.csv("method-pretest-gender-test-
score.csv", header = TRUE, colClasses =

, 'numeric”,

c("numeric","factor","factor numeric"))

134

Analysis of Variance (Two-Way ANCOVA)

> TukeyHSD(ancova2,"testSmethod")

135 136

Analysis of Variance (Two-Way ANCOVA) Analysis of Variance (Two-Way ANCOVA)

> TukeyHSD(ancova2) library("effects")
- - result <- aov(score ~ pretest + method*gender, data=test
Wi ' B effect_method = effect("method*gender",result)
ata.frame(effect_method)
‘Cll-ﬂ - folo
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Analysis of Variance (Two-Way ANCOVA)
> means <- data.frame(effect_method)
> plot <- tapply(meanss$fit, list(meansSgender,
meansSmethod), mean)
> barplot(plot, main="Final Score, controlling for Pre-Test",
beside=TRUE, xlim=c(0,20), legend=TRUE)

Adjusted Means

- - Fenae
-

Memod1 Metod? Memodd Methodd
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Analysis of Variance (Two-Way ANCOVA)

Adjusted Means

= Female
ale
: I I
e

Method 1 Method2 Method 3 Method 4

40
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Analysis of Variance (Two-Way ANCOVA)

> interaction.plot(meansSmethod, meansSgender, meanss$fit,
col=c("red", "blue"), trace.label="Gender", xlab="Teaching

Method", ylab="Final Score", main= "Final Score according to
Teaching Method & Gender, \n controlled for Pre-Test Score")

Final Score according to Teaching Method & Gender,
controlied for Pre-Test Score

Male

Method 1 Metiod2 Mehodd  Method 4

Teactung Method

141

Presenting the Results from Two-Way ANCOVA

A 2 by 2 between-groups analysis of covariance was conducted to
assess the effectiveness of four methods of teaching English for male
and female participants. The independent variables were the
teaching method (method 1, 2, 3 or 4) and gender. The dependent
variable was scores on the final test, administered following
completion of the intervention programs. Scores on the pre-test
administered prior to the commencement of the programs were used
as a covariate to control for individual differences.

After adjusting for pre-test scores, there was a significant interaction
effect: F (1, 31) = 6.439, p < .001, with a large effect size (partial eta
squared = .384). These results suggest that males and females
respond differently to the four methods. Males showed a more
substantial increase on the final test score after participation the
class using methods 1 and 2 than methods 3 & 4, whereas females
did not differ so much.

143

Analysis of Variance (Two-Way ANCOVA)

Final Score according to Teaching Method & Gender,
controlled for Pre-Test Score

Gender

Female
Male

Final Score

Method1 Method2 Method3 Method 4

Teaching Method

142

X2 — X Squared

R R Comsole =3 Ko ==

144



2] 120

X? — X Squared S

1) 2]

= 6.4615, df = 1, p-value = 0.01102

21
24
14

21
24

14
<- matzix(c(l8,35,24,14), ncol=2)
zownames (smokezs) <- ¢("Mals", "Temale")
colnames(smokezs) <- c("Smoke®, "Not Smoke®)
smoke

Pearson's Chi-squared test with Yates' continuity cor:

Fearscn's Chi-squared test with Yates' continuity correctiom
: data: smokers

X-squared = 6.4615, df = 1, p-value = 0.01102

>

daca: amokezs
X-squared = €.4€15, df = 1, p-value = 0.01102

>
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En v|EX v k&

a 8 < o 2 5 = o E A ] [y ) E
1o Sex  Smoke = Duale Mot Srcke 5 63 Female  Smoke.
' 1male  smoke E Sfihisln ot Secks 6 64 Female  Smoke.
h 2Male  Smoke » :: x""“‘ o 65 Female  Smoke.
' Imale  Smoke L] o e Smoke {Pxevicusly saved workspace restored]
P amale  Smoke 20 B2ihiole __Hotmoks o Q;m. Smoke.
b SMale  Smoke : :t zm ® 68 Female  Smoke 5 ;;: <= read.csv("smoke.csvt, header = TRUE, celllasses = o(Pnumerice, "facel
' SMale  Smoke smoke o 65 female  Smoke
' TMale  Smoks e Allisle _Hotmoke 7 % Female  Smoke L
' Sl Smoke g ALl o Sk, 72| meemsie smoke — 2 H
0 SMale  Smoke = Aile _MotSmcks n 72 Female  Smoke N N
' 10Male  Smoke £l A Fensle _Emeha " 73 Female Smoke 4+ +
2 1msle  Smoke = AjFamale _iSmoha 7 4 Female  Smoke. s s
3 12 Male ‘Smoke % 45 Female  Smoke 7 75 Female  Smoke € [
4 13Male  Smoke o AS|roraly uohs n 76 Female  Smoka N N
s 1amsle  smoke o Alfanhe_iSmohs, n 77 Female  smoke N :
H 15Male  Smoke = mFamale _ smoka ) 78 Female  Not Smoke
7 16Male  Smoke = AvFamile smobe ) 79 Female  Not Smoke
8 17male  smoke 2 Sifenels _Smete n 80 Female  Notsmoke
3 1EMale  Smoke = Sjfemsle |smoke 2 81 Female  Not Smoke
o 19Male  Not Smoke = Sl ] n 2 Female  Not Smoke
1 0Male  Notsmoke L Sifanele _Emobe " 83 Female  NotSmoke
2 2male  NotSmoke = Sdiferale |Smoke 8 34 Female  Not Smoke
3 22Male  NotSmoke = 55 Famste | Smoka 8 55 Female  Not Smake
4 23Male  Notsmoke B 56 Farnale _Emoha o 86 Female  NotSmoke
s AMale  Notsmoke X Sl Secka - s7Female  Not smoke
& 25Male  NotSmoke = 30 famate _Smoke 5 55 Female  Not Smoke
7 2 Male  Notsmoke = Sifarnale _Emcha ) 89 Fomala Not Smoke
8 Tmale  Notsmake Z Sifansie_Smels 0 0 Female  Notsmake
s 8 Male  Not Smoke = 0/romsle_|smoka a 51 fFemale _ Not Smake
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Not
Hot
ot
Hot
Hot
et
Hot
Nt
Hot
Net
Hot
ot
Hot
Not

> MFsmoke <- table (smokeiSex, smokelSmoke)

table (smokeSSex, smokeSSmoke)

Hot Smoke
1
24
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Female Female

Female Mot Female

Female Mot Female

Femsle Mot Female

Female Hot | Female

Female Mot Female

Female Mot Female

Female Mot Female

Female Mot Female

Female Mot Female

Female Mot Female Smoke
> MFsmoks <- table (smokeSSex, smokeSSmoke) <= table (smokeSSex, smokeSSmoke)
> MFsmoke

Not Smoke Smoke
Female 14 38

Hale 24 18
> chisg.test(HFsmoke) > chisg.test(MFsmoke)

EBearson's Chi-squared test with Yates' comtinuity correction Eearson's Chi-squared test with Yates' continuity correction

data: MFsmoke data: MFsmoke
X-squazed = €.4615, df = 1, p-value = 0.01102 X-squazed = £.4615, df = 1, p-value = 0.01102

> =1
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