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Designs we will deal with

« EXxperimental designs
— Quantitative
— Empirical
— Explanatory
— Sample study
 Frequency of measurements as an effect on
choice of statistical tests
— Cross-sectional
— Repeated measures
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Agenda

Descriptive and inferential statistics
Indication (which test?)

Two groups (experimental / control)
— t-Test for independent and dependent samples

One-way (1 factor)
— One-way ANOVA

Multi-factorial (several factors)
— Two-way ANOVA, within-between subjects
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Descriptive vs. Inferential

Descriptive statistics

* Reporting sample data

— Measures of location
(arithmetic mean, median,

mode)

— Measures of spread
(range, variance, standard

deviation)
— Correlations
— frequencies

* Reported in text, also

tables, graphs
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Inferential statistics

Inference from sample
data to population effects

Parameter estimation
— Point & interval estimation

Testing hypotheses
Significance tests
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- L | L
Descriptive vs. Inferential in

explanatory studies

Descriptive statistics Inferential statistics
e Decribing the sample e Testing hypotheses
« Complementary e Significance tests

presentation of sample
statistics for tested
hypotheses
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WHICH TEST?
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How do | choose the

appropriate test?
e Type of hypothesis

— Difference, correlation, change
 Number of groups / treatments or variables

e Levels of measurement
— nominal, ordinal, interval / ratio
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Affiliation to Rank order Same Absolute

Category differences zero
between
gradings
Nominal +
Ordinal + +
Interval + + +
Ratio + + + +

Nominal: eye color
Ordinal: level of education
Interval: opinion, date
Ratio: age
7
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TWO GROUPS
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2-Groups (Treatment / Control)

* 11V, dichotomous,
1 DV, metric

(univariate)

— Cross-sectional or IV: sound (no sound/spatial
repeated measures sound

— t-Test (Independent / DV: error rate in an
dependent samples) orientation task

h
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Which test?

H1: Integrating spatial sound in a VE leads to
lower error rates In an orientation task than a no-
sound display.

Hypothesis on a difference
Independent samples

1 independent variable, 2 groups (no sound /
spatial sound)

1 dependent variable (ratio)
— Student's t-Test

h
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Reguirements Student's t-Test

Level of measurement of DV at least interval
Normal distribution of DV
Variances o, and og are equal

Levene's Test for equality of variances,
corrections of df.

Sample within groups should be very similar, n,
= ng > 30.

Non-parametric alternative: Mann-Whitney U-
Test

h
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A priori power analysis

iy, G*Power 3.1.2

-
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File Edit View Tests Calculator Help
Central and noncentral distributions | Protocol of power analyses
critical t =1.66023
s’ AN
7 A"
Vi !
0.3 4 I \
Vi A
/ A"
0.2 4 /
’; »
0.1 y N
s B o ~
- ~
” Y
- - = S
D T T T T T T = T T L T T T
-3 -2 —1 o 1 2 3 5
Test family Statistical test
’t tests VI ’Means: Difference between two independent means (two groups) 7]
Type of power analysis
’A priori; Compute required sample size - given o, power, and effect size V]
Input Parameters Qutput Parameters
Tail(s) Noncentrality parameter & 25248762
Effect size d 0.5 Critical t 1.6602343
o err prob 0.05 Df 100
Power (1-B err prob) 0.80 Sample size group 1 51
Allocation ratio N2 /N1 1 Sample size group 2 51
Total sample size 102
Actual power 0.3058986
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«Test family: t tests
eStatistical test: Means:
Differences between two
iIndependent means

*Type of power analysis: A
priori

*Medium effect size d = .5
«a=.05

°1-=.80

eAllocation ratio = 1

«Sample size / group = 51
*Total sample size = 102
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-
The data set

— —_— — —— -

12 Sound.sav [DataSet?] - IBM SPSS Statistics Data Editor e ———
- File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons  Window Help
SHe e~ BEh B &N BH .3
| |
| pat | cond | error | v | var | var | v | .One case per row
1 1,00 1,00 5,00 .
2 2.00 1,00 5,00 *One variable per
3 3,00 1,00 2,00
4,00 1,00 3.00 Column
5 5,00 1,00 4,00 o
6 6.00 1,00 5.00 Part = part|C|pant H
7 7,00 1,00 5,00 L
8 8,00 1,00 2,00 *Cond = condition
| 9 | 9,00 1,00 5,00
10 10,00 100 5,00 eError = error rate
1 11.00 2,00 2,00
12 12,00 2,00 2,00
13 13.00 2,00 3,00
14 14,00 2,00 2,00
15 15.00 2,00 1,00
16,00 2,00 5,00
17 17.00 2,00 2,00
18 18.00 2,00 4.00
19 19,00 2,00 3,00
20 20,00 2,00 2,00
[
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Independent Samples t-Test

2 Sound.sav [DataSet2] - IBM SPSS Statistics Data Editor m— —
- File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons  Window  Help
,C—‘:'{ f Reports 3 o ot e A (4]
Sl & I v % | S
p— = Descriptive Statistics 2 L% EE = L‘:é L]
| | Tables 2
| pat | cond Compare Means b | L Means.. L
1,00 1.1 General Linear Model » E One-Sample T Test
2,00 1.0 i i -
SELEE Gl e s [ Independent-Samples T Test...
3.00 1.0 Mixed Models 3 )
400 11 - EE&ired—Samples TTest..
: : Correlate 2 EU‘ Way ANOVA
ne-Wa ..
5,00 1. Regression F - !
6.00 1.0 Loglinear k
7.00 1.0 Meural Metworks 3
8,00 1.0 .
Classify »
9.00 1.0
Dimension Reduction r
10,00 1.0 -
Scal r
11,00 2.0 == Analyze /
12 00 2 Monparametric Tests 3
1200 o0 Forecastng s Compare Means /
Survival F
14,00 2.0 = -
1400 G Independent-Samples
16.00 2 [EZ Missing Value Analysis... T Test
17.00 21 Multiple Imputation k
18,00 2.1 Complex Samples 3
19,00 2.0 Quality Control 2
20,00 2,0 [Eroc curve. .
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Independent Samples t-Test

Q Sound.sav [DataSet?] - IBM SPSS Statistics Data Editor

. W

File Edit View Data Transform Analyze DirectMarketing

Utilities  Add-ons  Window  Help

Hulfﬁx FLE N 50 B

11D W

=— Determine Grouping
m‘ Variable — Condition

| par‘t || cond || errar ” var || var || var || var || var ” var || var || var || val
1 1,00 1.00 5,00
2 2,00 1.00 5,00
3 3,00 1.00 2,00
4 4.00 1.00 3.00
I3 5.00 1,00 4,00 Q Independent-Samples T Test
6 6.00 1,00 5,00 Test Variable(s):
i 7.00 1.00 5,00 & participant code [part] &’ Number of errors [er...
8 8,00 1,00 2,00 Bootsirap
9 9,00 1.00 5,00 ¢ -
10 10,00 1.00 5.00 @ Define Groups &J
11 11,00 2,00 2,00 '
12 12,00 2.00 2.00 Grouing Variabl @ Use specified values
13 13,00 2,00 3.00 Group 1:
14 14,00 2,00 2,00 Group2:
15 15.00 200 1.00 Define Groups...
16 16,00 2,00 5,00 [ ox ] ez [ Reset(cancel| Hep | O Cut point
17 17.00 2,00 2,00 e
18 18,00 2,00 4,00
19 19.00 2,00 3.00
20 20,00 2,00 2,00
21
22
23
E171

Data View @ Variable View
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SPSS Output

4]

l'[
Group-Statistics= %
= Std.- | Std.-Error{e
conditiond Nz | Meanxs Deviationd Mean=
Number- nosoundd 1014,10001 1,28668y 406894=
of-errorsx spatial- 1012,60001 1,17379%y 371183
sounds
l'[
l'[
Independent-Samples-Testx=
Levene's Test
for-Equality-of
Variances= t-test-for-Equality-of-Meansx
= Std.- | 95%-Confidence-
_ Mean- | Error Interval-of-the-
Sig.-(2- | Differen | Differen Differences
Fe | Sig.=)| t= dfe | tailed)s | cexm cer | Lowern| Upperx
Number- Equal 3214, 5784|12,724 18 ,01411,50000¢4 ,550761 ,34290% 2,657104
of-errors= variances-
assumedw
Equal- 2,7244 17,850 ,01411,50000¢4 ,550761 ,342214 2,65779
variancesnot-| = =
assumedxs
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iy G*Power 312

Effect size

File Edit View Tests Calculater Help

Central and noncentral distributions | Pratocol of power analyses

critical t =1.734086

Test family Statistical test

[t tests v] ’M&ans: Difference between two independent means (two groups)

Type of power analysis

[Post hoc: Compute achieved power - given o, sample size, and effect size

Input Parameters

Effect size d 1.2130638

o err prob 0.05
Sample size group 1 10
Sample size group 2 10

Qutput Parameters

Tail(s) Moncentrality parameter &

Critical t
Df

Power (1-B err prob)

2.723B6735

1.7340636

18

0.8350296

*Test family: t tests
«Statistical test: Means:
Difference between 2
independent means
*Type of power analysis:
post hoc

*Determine Effect Size
(Means, SD)

«Sample Sizes

@ nl=n2

nll=n2
Mean group 1 0
Mean group 2 1

5D o within each group 0.5

Mean group 1 4.1
Mean group 2 2.6 -
SDogroup 1 1.29 _E
SD o group 2 1.17

Effect size d 1218064 |

I_ Calculate and transfer to main window ]

Clase

X-¥ plot for a range of values

Calculate
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Results

H1: Integrating spatial sound in a VE leads to
lower error rates in an orientation task than a no-

sound display.
M =410 (SD =1.29;,n=10)

no sound —
M qpatial sound = 2-6 (SD = 1.17; n = 10)
d = 1.22 (large)
t=2.72;,df =18; p < .05

— H, Is rejected

h
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Which test?

H1: Integrating spatial sound in a VE leads to
lower error rates In an orientation task than a no-
sound display.

Hypothesis on a difference
Dependent samples

1 independent variable, 2 groups (no sound /
spatial sound), within-subjects

1 dependent variable (ratio)
— Student's t-Test for paired samples

H
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- - |
A priori power analysis

- fit, G*Power 3.1.2 — = - P ——— ==

File Edit Wiew Tests Calculator Help

Central and noncentral distributions | Protocal u-fpcrwe:an;al\i&]smssz .TeSt famlly: Means:
T Difference between two

dependent means

/ \ *Type of power analysis: A

| ’ *\ R
0.1 /,’ B o "'\\\ prIOI’I .
L7 et A - *Medium effect size d = .5
.—3 -2 N -1 0 1 2 3 4 5 .G — .05

Test family Statistical test 1
[tt&sts v] [M&ans: Difference between two dependent means (matched pairs) V] .1—B j— .80
[A priori: Compute required sample size - given o, power, and effect size v]

Input Parameters Qutput Parameters TOtal Sam p I e S I Z e - 2 7

Tail(s) MNoncentrality parameter & 2.5980762
Effect size dz 0.5 Critical t 1.7056179

o err prob 0.05 Df 26
Power (1-B err prob) 0.30 Total sample size 27 |
i

Actual power 08118318
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Data Set

Q Sound_dependent.sav [DataSet2] - IBM SPSS Statistics Data Editor =

File Edit View Data Transform Analyze DirectMarketing Graphs Utilittes Add-ons  Window  Help

SEeE « » Bl B 5 B2E 199 "
|

| u_teilnehmer_ref || error_nosound || error_sound || var || var || var || var || v

1 Proband01 3 3
| 2 |Probando2 6 7

3 Proband03 3 3

4 Proband04 3 2 . « .
5| Probandts : 4 2 variables / participant:

: Proband07 5 4 .

7| Probandos : 2 dependent variable for

8 Proband10 2 3 Lt e
5 [Probenan . 2 condition 1 and condition 2
. 10 | Proband14 3 4

11 Proband16 6 3

12 |Proband17 3 2
| 13 |Proband18 6 2
| 14 |Proband19 5 4

15 Proband20 6 4

16 Proband21 4 5
| 17 |Proband23 4 3

18 Proband24 3 4

19 Proband25 5 3
| 20 |Proband26 4 §
.21 |Proband27 4 3

22 Proband28 3 4

23 Proband29 3 3

1™

‘ Data View H \l’a:iahle\ﬁew|
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Paired- Samples t-Test

@ Sound_dependent.sav [DataSet2] - [BM SPSS Statistics Data Editor -
| File Edt View Data Transform Anabze DirectMarketing Graphs Utiiies Add-ons Window Help

HS | s 0B EE BRSS9

Descriptive Statistics

| | Tables

| u_teilnehmer_ref || Compare Means
Proband01 General Linear Model

1
2 Proband02 Generalized Linear Models
3 Proband03 Mixed Models
4

| 4 | Proband04 Caorrelate
Proband06 Regression

-
-
Pl Means... M S
-
-
-
-
R 3
|I| Proband07 g \
-
-
-
-
-
-
N
N

E One-Sample T Test...
Independent-Samples T Test...

I Paired-Samples T Test...
[ one-way ANOVA...

_ Proband27 3
| 22 | Proband2s 3

Proband29 3
K17

Variable View

4
Proband08 Neural Networks 2
Proband10 Classity 3

Prosandt! Dimension Reducton ; vze / /

o : Analyze / Compare Means
MNonparametric Tests .
12 Proband17 - 2
ot Paired-Samples T-Test

Proband18 2
_ Proband19 £ L 4
Proband20 Mgltlple Response 4
Proband21 [EZ] Missing Value Analysis... g
17 Proband23 Multiple Imputation 3
18 Proband24 Complex Samples 3 4
19 Proband25 Quality Contral 3 3
Proband26 ROC Curve... 5
3
4
3
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Paired-Samples t-Test

@ Sound_dependent.sav [DataSet2] - IBM SPSS Statistics Data Editor

- Filza Edit View Data Transform Analyze DirectMarksting Graphs Utilities Add-ons Window Help

;%'{

i —

H 2 -~ BLE R ET BoR 200 %
|

Determine paired

u_teilnehmer_ref error_nosound error_sound var var var var -
1 Ipmb;m101 ref | 3 : I 3|| || | || | vari ab I es
2 Proband02 3 7
3 Proband03 3 3
4 Proband04 r@ Paired-Samples T Test &Jw )
5 Proband06
6 Proband07 F'ai.redyariab.les: .
7 Proband0s & eror rate no sound ... Pair__|Variable1  |Variable2
& error rate sound con. . 1 ¢ ermorrat. ¢ errorrat..
8 Proband10 2
9 Proband11
10 Proband14
11 Proband16
12 Proband17
13 Proband18
14 Proband19
15 Proband20
16 Proband21
17 Proband23 [ QK ” Paste ” Reset ”Cancei” Help ]
18 Proband24 - ,
19 Proband25 g 3
20 Proband26 4 g
21 Proband27 4 3
22 Proband28 3 4
23 Proband29 3 3
E1”]

l Data View || Variable\ﬁew|

08.04.2013
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SPSS Output

i
Paired-Samples-Statistics~ .
o Std.-Error- &
Mean= N | Std.-Deviations Mean=
Pair-1= errorrate-no-sound- 4 19 661 1,282 , 1584
condition=
errorrate-sound- 3,151 66} 1,358: (167
condition=
1 e
Paired-Samples-Testx=
Paired-Differencesx=
95%-Confidence- ©
= Std.- Interval-of-the-
Std.- | Error: Differencex Sig.-(2-
Mean{Deviation]| Mean=| Lowers| Upperq| te | df | tailed)q=
Pair errorrateno- |1,035 1,128 139 7981 1.31317,455 651 ,000]k
1= sound-
condition--
error-rate-
sound-
condition=

H
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Effe Ct S I Z e *Test family: t tests

iy GrPower 312 — = eStatistical test: Means:

File Edit View Tests Calculator Help

- 2 Difference between 2
entral and noncentral distributions | Protocol of power analyses
dependent means
- *Type of power analysis:

0.3 4 / \

AN post hoc
0.2 4 ! A . .

Y % -Determine Effect Size
/ A .
g \& )/ g (mean and SD of difference)
~
Fa L .
olel NN e e «Sample Size
-2 0 2 4 3 3 10
Test family Statistical test
’t tests '] [Means: Difference between two dependent means (matched pairs) V] @ Fera e
Type of power analysis Mean of difference 1.04
’Post hoc: Campute achieved power - given o, sample size, and effect size v]
SD of difference 113

Input Parameters Output Parameters

Tail(s) Noncentrality parameter & 74769912 ) From group parameters
Effect size dz 0.9203540 Critical t 1.6686360 Mean group 1 0

o err prob 0.05 Df 65 Mean group 2 1

Total sample size 66 Power (1-B err prob) 1.0000000 SD group 1 1
SO group 2 1

Correlation between groups 0.5

Effect size dz 0.920354

[ Calculate and transfer to main window ]

Close

X-Y plot for a range of values ] [ Calculate ]

- ILMENAU UNIVERSITY OF
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Results

H1: Integrating spatial sound in a VE leads to
lower error rates in an orientation task than a no-

sound display.

M o soung = 4-19 (SD = 1.28; n = 66)
M spatial sound = 3-15 (SD = 1.36; n = 66)
d = .92 (large)

t=7.46; df = 65; p <.0001
— H, IS rejected
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ONE-WAY (1 FACTOR)
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One-way ANOVA

. One-way, univariate:

— 1 1V, more than 2
levels (nominal),
1 DV (metric)

— Cross-sectional or
repeated measures

— One-way, univariate
ANOVA (repeated
measures)

IV: FOR (20 degrees/90
degrees/270 degrees)
DV: error rate in search task

ILMENAU UNIVERSITY OF
TECHNOLOGY
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Which test?

H1: Higher field of regard leads to reduced error
rate in a search task.

Hypothesis on a difference
Independent samples / between-subjects

1 independent variable, 3 groups (FOR 20/
FOR90 / FOR270)

1 dependent variable (ratio)
— One-way univariate ANOVA
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Requirements ANOVA

« DV = Interval / ratio

e normal distribution for DV
« N> 20 per cell

e N .. ./n. ,<15

. Homogenelty of variances between samples
 Non-parametric alternative: Kruskal-Wallis-Test

ILMENAU UNIVERSITY OF
TECHNOLOGY
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ff G*Power 3.1.2

A priori power analysis

-:--:-g

File Edit View Tests Calculator Help

0

14

0.8

0.6

0.4 -

0.2

Central and nancentral distributions | Protocol of power ana|v,r5e5|

critical F =3.054

Test family

Statistical test

’F tests

VI ’ANDVA: Fixed effects, omnibus, one-way

Type of power analysis

’A priori: Compute required sample size - given o, power, and effect size

Input Parameters

Power (

Effect size f
o err prob

1-B err prob)

MNumber of groups

08.04.2013

0.25
0.05

0.80

Output Parameters

Noncentrality parameter A
Critical F

Numerator df
Denominator df

Total sample size

Actual power

9.9375000
3.0540042
2

136

139

0.3048373

www.tu-ilmenau.de

*Test family: F tests
«Statistical test: ANOVA,
fixed effects, omnibus, one-
way

*Type of power analysis: A
priori

Medium effect size f = .25
a=.05

*1-3=.80

Number of groups = 3

«Total sample size = 159
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Data Set

2 FOR.sav [DataSetl] - IBM SPSS Statistics Data Editor .~

File Edit View Data Transform Analyze Direct Marketing Graphs Utilities  Add-ons

SHE @M e « B2 B & & |
|

31
| part || cond || errar || var || var || vi

13.00 2,00 3.00
14,00 2,00 5.00
15,00 2,00 1,00
16.00 2,00 2,00
17.00 2,00 4,00
18,00 2,00 2,00
19,00 2,00 3.00
20,00 2,00 3.00
21,00 3,00 2,00
22,00 3.00 00
23,00 3.00 3.00
24,00 3.00 2,00
25.00 3,00 1,00
26,00 3.00 4,00
27,00 3.00 2,00
28,00 3,00 1,00
29,00 3,00 3,00
30,00 3.00 2.00
—
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One-way univariate ANOVA

ta FOR.zav [DataSetl] - [BM SPSS Statistics Data Editor -
- File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons  Window  Help

%= L S Reports Pi .'—ﬁ @*E Iﬁ‘]:@
H— H ["__"] e Descriptive Statistics 3 Ess! B éé : L |
|3‘1 : | Tables »
| part || cond Compare Means 3 || var || var || var || var ||
13 13,00 2, General Linear Model 3 @gnivariate... An alyze /
14,00 2, Generalized Linear Models » | mm] Multivariate... .
1600 20 wiedModels | 5 meposteaeasures.. General Linear Model/
16,00 2, Correlate 3 var c X . .
ariance Components...
17,00 2, Regression 3 = ? U n IVarI ate
18 18,00 2, Loglinear L4
19 18,00 2, Neural Networks 3
20 20,00 2 -
: : Classify 2
21,00 3, Dimension Reduction 4
22,00 3. Scale L4
23,00 3 MNonparametric Tests 3
e 24,00 3 Forecasting 3
25 25,00 3 -
26 26,00 3 Surval '
o7 27’00 3’ Multiple Response 3
: : Missing Value Analysis...
28,00 3.
29.00 3, Multiple Imputation 4
30,00 3, Complex Samples 3
31 Quality Control 4
12 ROC Curve..
33
34
35
{1 e e — —————

‘ Data View H \.-'a:iable\new|

08.04.2013 s HErmELE e ILMENAU UNIVERSITY OF
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One-way univariate ANOVA

@ FOR.sav [DataSetl] - IBM SPSS Statistics Data Editor -

File Edit View Data

Transform  Analyze Direct Marketing

Graphs Utilities Add-ons Window Help

— .. T

SHE B e FLIBETRLE A0 =
|

31
| part " cond || error || var || var || var || var || var " var || var || va
13 13,00 2,00 3,00
14 14,00 2,00 5,00 [ & vnivariate =) )
15 15,00 2,00 1,00
16 16.00 200 200 Dependent Variable: 1
ﬂ’F[][] 2’00 4’00 |§ participant code [parﬂ| | f MNumber of errors [err..l 1
. y 2 Contrasts.. |
18 18,00 2,00 2,00 Fixed Factor(s):
19 19,00 2.00 3.00 &b condition [cond] I
20 20,00 2.00 3,00 PostHoc..
21,00 3,00 2,00 Random Factor(s): |
22 22 00 3.00 00 ] ]
23 23,00 3,00 3,00 |
24 24,00 3.00 2.00 _
25,00 3.00 1,00 Covariate(s). _
26 26,00 3,00 4,00 a |
27 27,00 3.00 2,00 . _
28 28.00 3.00 1,00 WLS Weight _
29 29,00 3,00 3.00 | | |
30,00 3,00 200 (Cox ) (Paste ) (Reset ) (Cancel] (reip | !
31 ] ]
33
35
q

l Data View ” Variable View |

08.04.2013
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DV and IV
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Post hoc Tests

[Conﬁnue” Cancel ” Help ]

B rorsayis e L 2020 o W A
File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help
— D e %0 0 o A A
=1 0= - w B0 B BN BAE 0 ®
31 |
| part cond error || var || var || var || var || var || var var || va
13 13.00 2,00 3.00 @ Univariate: Post Hoc Multiple Comparisons for Observed Means l&]
14 14.00 2,00 5.00
15.00 200 1.00 Factor(s): PostHoc Tests for:
16,00 2,00 2,00 cond | cond
17.00 2,00 4,00 .
1%
18.00 2,00 2,00 .
19,00 2,00 3.00
20 20,00 2,00 3.00 i
rEqual Variances Assumed
21 21.00 3,00 2.00
2 2200 3.00 00 [l LsD ] s-NK [] waller-Duncan
23 23,00 3,00 3,00 4 Bonferroni [ Tukey
24,00 3.00 200 [C] sidak [T] Tukey's-b [] Dunnett
25,00 3.00 1.00 [ Scheffe [T Duncan .
26.00 300 4.00 [[] R-E-G-W-F [[] Hochberg's GT2 [Test
27.00 3.00 200 [ RE-G-W-0 [] Gabrie { o @
28,00 3.00 1.00
29,00 300 .00 rEqual Variances Mot Assumed
30 3000 300 200 [C] Tamhane's T2 [] Dunnetts T3 [« Games-Howell [] Dunnetts C
3
32
33
|
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Pick post
hoc tests for
differences
between
groups
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- @ FOR.sav [DataSetl] - IBM SPSS Statistics Data Editor -

A

File Edi

View Data

Transform Analyze Direct Marketing

Graphs

Options

Utilities  Add-ons  Window  Help

— .. T

=11

e BLE REYBOE 00
|

08.04.2013
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[31:
| P ” cond " eror " var @ Univaria::e: Cptions ﬁ"ﬂ =
13 13.00 2,00 3.00
14 14.00 2.00 500 rEstimated Marginal Mean
15 15,00 2,00 1,00 Factor(s) and Factor Interactions: Display Means for:
16 16,00 2,00 2,00 [(OVERALL) | (OVERALL)
17 17.00 2,00 4,00 cond cond
18 18.00 2,00 2,00
19 19,00 2,00 3,00
20 20,00 2,00 3,00 [] Compare main effects
21 21,00 3.00 2,00
22 22,00 3,00 .00 .
23 23,00 3.00 3.00
24 24,00 3.00 2,00 “Display
2 25.00 3.00 1.00 [ Descriptive statistics [l Homogeneity tests
26 26,00 3,00 4,00 [ Estimates of effect size [T] Spreadvs. level plot
21 27,00 3.00 2,00 [+ Observed power [T] Residual plot
28 28,00 3.00 1.00 [7] Parameter estimates [[] Lack of fit
29 29.00 3.00 3.00 [C] Contrast coefficient matrix [C] General estimable function
30 30,00 3,00 2,00
£1) Significance level: Confidence intervals are 95,0 %
2 [continue] [ cancel |[ Help |
33
34 ' ' ' ' ' '
35

Display:
edescriptive
statistics
*Estimates of
effect size
*Observed power
sHomogeneity
tests
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SPSS Output Descriptive Statistics

=l Between-Subjects-Factorsxo 2
o Value-Label= N L
condition®  1,00= FOR-20m 104
2,00= FOR-90x 104#
3,00= FOR-270x 104

T |
Descriptive-Statistics= ©
Dependent-Variable:Number-of-errorsx= g
condition= Mean= | Std.-Deviation= INxe K
FOR-20x 3,6000: 1,349901 104
FOR90x 2,9000: 1,197221 104x
FOR-270x 2,0000 1,154701 104e
Totalx= 2,8333 1,366681 301
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SPSS Output Homogeneity

1
............... Levene's Test-of Equality-of-Error-Variancesss
Dependent Variable:Numberof errorss. |
Fr df 1= df2x Sig.=
,9451 21 27 401

- Tests the null-hypothesis that the-error-variance-ofthe- «
dependentvariableis-equal-acrossgroups.=

-a.-Design:-Intercept+-condfl x
ira :

Variances should be similar, therefore Levene's
Test should show a non-significant result.

ILMENAU UNIVERSITY OF
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SPSS Output Between-Subjects
Effects

a.-R-Squared-=-,238-(Adjusted-R-Squared-=-,181)q

b.-Computed-using-alpha-=-,05Y

08.04.2013
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H

A
Type-lll- Partial- k
Sum-of- Mean- Eta- | Noncent.-|Observed-
Sourcem | Squaresqy dfe | Squares| Fm | Sig.®| SquaredqParameter] Power’s
Corrected-| 12,8673 21 6,433 4,2061 ,026 238 8,412 ,6891x
Mode =
[ntercents . 240 233 D240 833157 A48 Q00 BEAL 157 AJE \
condx 12,867 21 6,433 4,2061 ,026 238 8,412 ,689!5:|
47T,300 27 530" o o o o o T
Total= 2950001 30 o o e o o o x
Corrected-| 54,1671 291 5 o 5 o o o
Total=

ILMENAU UNIVERSITY OF
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SPSS Output Post hoc Tests

Multiple-Comparisonsx=
Dependent-Variable;:Number-of-errors=
& 95%-Confidence: {¢
MEan- Intervale
o (- (J)- Difference-| Std.- Lower- | Upper- ie
condition= condition= (1-J)m Errore| Sig.= | Bounde | Bound=
Bonferroni= FOR20= FORS0s | 7000|55311( 649l -7118[  2,11184:
FOR-270= 1,60007) ,5531|1 022 18821 301181
FOR90= FOR-20= -, 553111  ,649{ -2,1118; 7118s%
FOR-270x ,9000{ ,553111 ,346¢ -5118{  2,3118x
QFDR-2TUE§ FOR-20= -1,60007 553111 ,0227 -3.0118 -, 1882ix
FOR-90x -,9000) ,55311y ,346% -2,3118 51183
Games- %FDR-2Dﬂ FOR 90 ,7000{ ,570571 ,453: - 75801 2,15801x
Howellx FOR-270= 1,60007 ,56174f ,028s , 1633 3,036?é=:
EFDR-QUn FOR-20= -, 7000y ,570571 ,4534 -2,1580 75801x
FOR270= ,9000{ ,525991 228 - 4426  2,24264x
FDR 270= FOR-20= -1,60007 561741 ,028y -3,0367 -1 63315:
FOR-90x -,9000] ,525991 2284 -2 2426 44261z
Based-on- nbsewed ‘means.q| =
The errnrterm 1S Mean guare; Errnr) 1 530 o
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Output JMP

|[¥x FOR - Fit ¥ by X of error by cond - IMP

Bo | B BE =f B %, T B

e

A= Oneway Analysis of error By cond

B
~ FOR P4 > 5 - -
- part cond error | experience 4 . .
1 1 1 5 1 £
2 2 1 4 2 s 37 : i -
3 3 1 2 1 @ 5 . . E
4 4 1 3 2
—_— 1 - .
[*x Fit ¥ by X - Contextual - JMP E | S
0+ .
Distribution of ¥ for each X. Modeling types determine analysis.
Select Columns Cast Selected Columns into Roles Action -1 9 T 2 T 3
| Columns (/1) -
ook dpart Aeror cond
i Bk | o cance : 4 Oneway Anova
: errar [ dexperience 1 14
experience . — & cond -m I 4 Summary of Fit
|| - optiona Recall | Rsquare 0,237538
[A by Adj Rsquare 0,18106
| Bivariate | Oneway | Root Mean Square Error 1,236782
: . ﬂ i gg:;:;t':i{:nssp?onrsseum Wats) 2.333323
i ght optional numeric L
|| |Logistic |Contingency e 4 Analysis of Variance
= Rows 4 4 th - | Sum of _
All rows 0 4 ' i Source DF Squares Mean Sguare F Ratio _Prob>F_
Selected 0 L | cond 2 12866667 643333 42058 0,0257*
3 Lol A4 aonnnn E =t Tol=4a]
Excluded 1] 7 2 O 1
Hidden 0 M C. Total 29 54,166667
™ T ' v
Labsll=d ¢ o6 o 2 . 5 4 Means for Oneway Anova
27 27 3 9 1 Level Number Mean Std Error Lower 95% Upper 85%
28 28 3 1 2 1 10 360000 0,39110 27975 44025
29 29 3 3 1 2 10 290000 039110 2,0975 37025
30 30 3 2 2 3 10 200000 039110 1,1975 28025

Std Error uses a pooled estimate of error variance

ILMENAU UNIVERSITY OF
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Results

 H1: Higher field of regard leads to reduced error
rate in a search task.

* M roro = 3.60 (SD =1.35; n =10)

* M roroo = 2.90 (SD =1.20; n = 10)

* M roro7o = 2.00 (SD = 1.15; n = 10)

e Partial n? = .24 (large)

e F=4.21;df=2;, p=.026

« — H, Is rejected for FOR20 and FOR270
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MULTI-FACTORIAL,
== REPEATED MEASURES




B \li-factorial ANOVA

_ Atleast 2 IV, Sound

No sound
at least 1 DV firat
— Cross-sectional or Sound first

repeated measures

_ IV 1: sound (no sound / spatial
— Interaction effects

sound)

IV 2: order of presentation (no
sound first / spatial sound first)
DV: presence experienced
(SUS Mean)

ILMENAU UNIVERSITY OF
TECHNOLOGY
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Which test?

H1: Integrating spatial sound into a VR scene
leads to higher levels of presence experienced
than a no sound display.

Hypothesis on a difference

1 within-subjects factor (sound), 1 between-
subjects factor (order of presentation)

1 dependent variable (presence experienced,
Interval)

— Two-way ANOVA, repeated measures

h
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Requirements ANOVA,
Repeated Measurements

DV = interval / ratio, normal distribution

Complete dataset per participant for several
measurements (conditions, points in time)

Covariances between different measurements
have to be similar (sphericity)

Non-parametrical alternative: Friedman-Test

ILMENAU UNIVERSITY OF
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A priori power analysis

ﬁ‘fx G*Power 3.1.2 e — — ]
File Edit View Tests Calculator Help
Central and noncentral distributions | Protocol of power analyses
critical F =4.1481
0.6+
0.4
0.2 4
T s e
1 b\ ___________________
I:l L] T T T T —
0 5 10 15 20
Test family Statistical test
[F tests v] [ANDVA: Repeated measures, within-between interaction ']
Type of power analysis
[A priori: Compute required sample size - given o, power, and effect size v]
Input Parameters Output Parameters
Effect size f 0.25 Noncentrality parameter A 8.5000000
o err prob 0.05 Critical F 4.1490974
Power (1-f err prob) 0.80 Numerator df 1.0000000
Mumber of groups 2 Denominator df 32.0000000
Mumber of measurements 2 Total sample size 34
Corr among rep measures 0.5 Actual power 0.8070367

Nonsphericity correction €

08.04.2013
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*Test family: F tests
«Statistical test: ANOVA,
repeated measures,
within-between
Interaction

*Type of power analysis:
A priori

Medium effect size f=.25
«a=.05

*1-=.80

Number of groups = 2
*Number of
measurements = 2

«Total sample size = 34
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Data Set

@ *sound_presence.sav [DataSetd] - IBM SPSS Statistics Data Editor

- File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons  Window Help
= lif”fﬂ Bl A H5 Y BAOE 0%
|
I user || order || sus_mean_sound || sus_mean_nosound || real || var
1 Proband01 1 3 3 3
2 Proband02 1 B 7 6
3 Proband03 1 3 3 5
4 Proband04 2 3 2 4
5 Proband05 1 3 2 . ..
5| Pobandls 2 : + 2 variables / participant:
7 Proband07 2 5 4 .
| Provancts : : :  dependent variable for
9 Proband(9 1 3 ] . .
10| Prosandto 1 2 ; condition 1 and condition 2
11 Proband11 1 4 2 .
Proband13 2 4 1 4
_F‘ruband‘M 1 3 4 3
| 14 |Probandi5 1 6 3 7
_Pmbamﬁs 1 6 3 5
Proband17 1 3 2 T
17 Proband18 1 6 2 5
18 Proband19 2 5 4 5
19 Proband20 2 6 4 T
20 Proband21 2 4 5 2
21 Proband23 2 4 3 3
22 Proband24 1 3 4 4
23 Proband25 2 5 3 3

ILMENAU UNIVERSITY OF
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Two-way ANOVA, repeated measures

Q *sound_presence.sav [DataSetd] - IBM SPSS Statistics Data Editor

o File Edit

— G W gl

View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window  Hel

== - Reports 3 E = ‘Q-L, 'm
; — H = g o Descriptive Statistics y &E oo L
| | Tables 3

[ user | Compare Means 3 | sus_mean_nosound |

1 Proband01 General Linear Model * | [ univariate... 3 Analyze / General
Proband02 Generalized Linear Models * | [ yutvariate.. 7 L| near M Odel /
Praband03 Mixed Models 2 [l Repeated Measurss 3
Prosandos . . Repeated Measures
Proband05 e . Variance Components... 2
| 6 |Probandos —— N 4
Proband07 MNeural Metworks 4 5 4
Proband08 Classit Lo 2
Emzanjsz Dimension Reduction 2 3 2
roban

Proband11 Scale U 2
Probandi3 Nonparametric Tests 3 4 1
Proband14 Forecasting Y3 4
Proband15 A "1 s 3
Proband16 Multiple Response » g 3
Proband17 E3] missing Value Analysis... 3 2
Proband18 Multiple Imputation 3 B 2
Proband19 Complex Samples r 5 4
Proband20 Quality Contral 2 G 4
Proband21 ROC Curve... 4 5
Proband23 pi 4 3
Proband24 1 3 4
Proband25 2 5 3
B

08.04.2013
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-
Two-way ANOVA, repeated measures

Q *sound_presence.sav [DataSetd] - IBM SPSS Statistics Data Editor
- File Edit View Data Transform Analyze DirectMarketing Graphs Utilittes Add-ons Window Help

=1L e BBl BN BELE 09 %
|

user arder sus_mean_sound sus_mean_nosound real var . . .
1 lF'rnband[H ” 1" B ) 3” ) B 3" 3" ” Determlne Wlthln'
2 Proband02 1 6 = = 55 m .
- oroband03 1 5 \-a Repeated Measures Define Factor(s) | Su bJeCtS faCtor
4 Proband04 2 3 Within-Subject Factor Name:
| 5 |Probandos 1 3 sound | |§ (Sound) and numbel‘
[ Proband0& 2 5 Number of Levels: EI I Of |eve|s
7 Proband07 2 L sound(2)
8 Proband08 2 4 |
9 Proband09 1 3 Change
F'rnband‘l[] 1 2 Remove | .
1 Proband11 1 4 . | | Determlne DV
12 Proband13 2 4 FEELE LS |
13 |Proband14 1 3 [} (measure name)
14 Proband15 1 6 - SUS_mean I
Proband16 1 6 ——
16 Proband17 1 3 =
17 Proband18 1 B =
18 Proband13 2 5
19 Proband20 2 3 [DEﬁ"e][ Reset ”C&"CE‘” Help ]
Proband2 2 4 N
21 Proband23 2 4 3 3
22 Proband24 1 3 4 4
[ 23 |Probandzs 2 5

ILMENAU UNIVERSITY OF
TECHNOLOGY
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Two-way ANOVA, repeated measures

resence.sav [DataSetd] - IBM SPSS Statistics Data Editor

View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons  Window Help
=N T s Eo A
160 exBElARGEKEBELE 1909 6

I user || order " sus_mean_sound " sus_mean_noscound || real " var || var
| Proband0
Proband02
| Probando3
Proband04
Proband05
Proband06
Proband07
Proband08
Proband09
Proband10
Proband11
Proband13
Proband14
Proband15
Proband16
Proband17
Proband18
Proband19
Proband20
Proband21
| Proband23
| Proband24

= [P—— .

=

r

@ Repeated Measures

Add DV to analysis
(NB: 2 variables!)

Within-Subjects Variables
&4 user D [user] (sound):

&realismofambient... N sus_mean_sound(1 SU..
suUs_mean_nosound(2, ...

Determine between-
subjects factor (order

Betweer Sublects Fartts of presentation
| order of presentatio.. |

Cuovariates:

ii EEEE
g I3 Iz B
e e E

-

[ ok ][ Paste || Reset |[cancei|| Help |

(RN L T N T o NN LN TS A AR A S e S O N (s T % T (% T U e NS A g
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Two-way ANOVA, repeated measures

Q *sound_presence.sav [DataSetd] - IBM SPSS Statistics Data Editor

'Check post hoc
tests

File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help
SHOH e~ Bhd N 5E BLE 200 %
| |
I user || order || sus_mean_sound || sus_mean_nosound || real || var || var || Vi
L Proband01 L q@ Repeated Measures: Post Hoc Multiple Comparisons for Cbserved Meansﬂ
2 Proband02 1 ]
3 Proband03 1 Factor(s): PostHoc Tests for:
4 Proband04 2 [order | order
5 Proband05 1
6 Proband06 2
7 Proband07 2
8 Proband08 2
g Proband09 1 rEqual Variances Assumed
10 Proband10 1 [ LsD [[] s-N-K [C] waller-Duncan
1 Probandid 1 [ Bonferroni [ Tukey Type IType Il Error Ratic
12 Proband13 2 [l sidak [T Tukey's-b [T Dunnett
13 Probandi4 1 [] Scheffe  [] Duncan Control Category Last
14 Proband15 9 [[] R-E-G-W-F [] Hochberg's GT2 [ Test
15 Proband16 1 [[] RE-G-w-Q [] Gabriel ’7-@-:'-: ded @ = Control @ = Conl
16 Proband17 1
17 Proband18 1 rEqual Variances Not Assumed
18 Proband19 2 [] Tamhane's T2 [| Dunnetts T3 [y Games-Howell [| Dunnett's C
19 Proband20 2
20 |Proband21 2 ((ContineJ|_cancer ||_nelp_|
21 Proband23 2
22 Proband24 1
[ 23 |Proband2s 2 5 3
[ ——

08.04.2013

www.tu-ilmenau.de

ILMENAU UNIVERSITY OF
TECHNOLOGY




Two-way ANOVA, repeated measures

resence.sav [DataSetd] - IBM SPSS Statistics Data Editor

View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons  Window Help

16 e~ Bt 5§ B
|

| user " order || sus_mean_sound | 2 Repeated Measures: Optians - M var
| Probando1 1 - _ _
:l Proband02 1 @ rEstimated Marginal Means
:l Proband03 1 Factor(s) and Factor Interactions: Display Means for:
s : s =
:l Proband05 ! sound orderssound
:l Proband06 2 order*sound
| Probando7 2
:l Proband08 2 [ Compare main effects
:l Proband03 1 Confidence interval adjustment:
:l Proband10 1 |LSD(none) =
| Proband11 1
| Proband13 2 rDisplay
7] Proband14 1 [ Descriptive statistics [T] Transformation matrix
| Proband1s 1 W Estimates of effect size & Homogeneiy tests
7] Proband16 1 [« Observed power [] Spreadvs. level plot
7] Proband17? 1 [] Parameter estimates [] Residual plot
7] Proband18 1 [] SSCP matrices [] Lack of fit
7] Proband19 2 [] Residual SSCP matrix [] General estimable function
7 E[ZE::SE: j Significance level: Confidence intervals are 95,0 %
| Probandz3 2 = [continue | [ cancet |[ Help | ~
| Proband24 1 L
| Proband2s 2 5 3 3 !
P —

08.04.2013 www.tu-ilmenau.de

Display:
edescriptive
statistics for
factors and
Interaction
*Estimates of
effect size
*Observed power
*Homogeneity
tests
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SPSS Output - Factors

! Within-Subjects-Factorsxo E
Measure:SUS mean= 0
sound= Dependent-Variablex c
1w sUS mean soundx £
2w sus_mean_nosound= £
Between-Subjects-Factorsc B

o Value-Lapelx Nee e

order-of presentation: 1= soundfirstm 334e
2x no-sound-firste 334

H
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SPSS Output — Descriptive
Statistics

Descriptive-Statistics= r
= order-of- Std.- X

EEresentatinnn Meand Deviationg N=
SUS-Mean- mwn 3,704 1,163 331=

sound= nosoundfirsto 4,68 1,219 33w
Totalx 4 19 1,282y 66k
SUS-Meanno-soundfirste | 2,761 1,289 33xr
sound= no-soundfirsts 3,551 13261 ____________________ 3 3§=
Total= 3,151 1,358 66k

ILMENAU UNIVERSITY OF
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SPSS Output — Levene's Test

Variances should be similar, therefore Levene's
Test should show a non-significant result.

08.04.2013

Levene's- Test-of-Equality-of -Error- =

Variances®x
I Fa difa | df2a| Sigm|o
SUS-Mean- 054 19 G4y | B17yn
sounde o b
SUS-Mean ,259 64 613
no-soundx
. Tests the-null-hypothesis - that-the-error- o

varlan::e of-the-dependent- variable-is equal

-across-groups.

L]

a.-Design:-Intercept-+-order-q
Within- Subjects-Design:-soundq]

www.tu-ilmenau.de
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N O r o

Mauchly's-Test-of-Sphericity’a
Measure:SUS_meanx
Within- Approx. Epsilon®=
Subjects- |Mauchly's: Chi- Greenhouse-|Huynh-|Lower-
Effectn Wa  Squareq dfsSigy  Geissers | Feldta bounds
soundx 1,0000 ,0003 Oy.@ 1,000 1,0001 1,000

Teststhe-null-hypothesis-that-the-error-covariance-matrix-of-the-
orthonormalized-transformed-dependent-variables-is-proportional-to-

an-identity-matrix.x

a.-May-be-used-to-adjustthe-degrees-of-freedom-for-the-averaged-
tests-of-significance.-Corrected-tests-are-displayed-in-the-Tests-of:
Within-Subjects Effects-table. |

b.-Design:-Intercept-+-

order-q

Within-Subjects-Design:-soundq]

08.04.2013
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SPSS Output within-subjects
effects

Tests-of -Within-Subjects-Effectsn e
Measure:SUS_meanx £
Type-lll-Sum Mean- Partial-Eta- | Noncent.- | Observed- |z
Sourcex of-Sguaress| __ dfu Squarex F Sig. Squareds | Parameters| Powers
sound= Sphericity- 35,375 1 35,3751 55,1234 ,000 ,4631 55,123 1,000¢
Greenhouse- 35,3751  1,0004 35,3751 55,1234 000 ,4631 55,123 1,000
Geissers
‘Huynh-Feldt= 35,3751 1,0004 35,3751 55,1234 ,000 4631 55,123 1,0003=
35 3751 10001 35 3751 55 123 000 ARR 55 123 1.000
soung-*- Sphericity- 304 1 ,304 4743 494 ,0073 474 ,104%]
orders Assumedx _ _ _
Greenhouse- 3041 11,0004 304 4743 494 ,0073 474 ,1041r
Geissers
‘Huynh-Feldtx ,3041 1,000 ,304 4743 494 ,0073 474 , 10430
Lower-bound= 3041  1,0001 ,304 AT74 494 ,0073 474 1041
Error(sound) Sphericity- 41,072 64 ,642 - - - - o (o
Assumedw
Greenhouse- 41,0721 64,0004 ,642 - - - - o (o
Geissera
‘Huynh-Feldt= 41,0721 64,0001 ,642 o o o o o =
Lower-bound= 41,072{ 64,000 ,642 o o o o o c
a.-Computed-using-alpha-=-,051 £

ILMENAU UNIVERSITY OF
TECHNOLOGY
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SPSS Output — Between-

Subjects Effects

Tests-of -Between-Subjects- Effectsa

Measure:SUS meanq

Transformed-Variable: Av eragex

Type-lll-
Sum-of- Mean- Partial-Eta- | MNoncent.- | Observed-
Sourcen | Squareso dfn Squarex Fo Sig = | Squareda | Parameters|  Powerfo
1770 550 oS B 7 AriLe U T A ESC 0 sl FAL S0 1
ordera 26,0741 11 26,0744 10,484 002y L1419 10,4844 ; BQD@
Errora o= AN oF Z.a0T o o 0! o) o)

a -Computed- using-alpha- =- 03]

08.04.2013
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Results

H1: Integrating spatial sound into a VR scene
leads to higher levels of presence experienced
than a no sound display.

M o soung = 3-15 (SD = 1.36; n = 66)
M oung = 4.19 (SD = 1.28; n = 66)
Partial n? = .46 (large)
F=55.12;df=1; p=.002

— H, IS rejected
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Further Reading

* Field, A. (2013). Discovering Statistics Using
IBM SPSS Statistics.(4t ed.).Thousand Oaks:
Sage Publications

 Howell, D. (2012). Statistical Methods for
Psychology. (8" ed.). Cengage Learning Emea

 Marques de Sa, J. P. (2007). Applied Statistics
Using SPSS, STATISTICA, MATLAB and R. (2
ed.) Berlin: Springer.
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