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RESEARCH METHODS

Experiment

* Intervention
* Observation
* Test

Review Research

* Document * Observation

Analysis * Survey

- Literature * Interview
Review - Expert

« Study of Evaluation
Research e Test
Results
(materials,
tools, etc.)

* Interview

- Expert
Evaluations

* Focus Groups
- Rating Scales

* Focus Group
- Rating Scales




CRITERIA AND INDICATORS

Aggression Physical Aggression Engages in physical fights at
least once
Aggression Verbal Aggression Uses offensive language and

verbally insults other children
Aggression Hostility Disrupts or interferes with the

work of other children when

attention is not received

Motivation Attitude toward the Attend school willingly
school as an
institution

Motivation Attitude toward Regularly complete their
academic work homework

Motivation Attitude toward the Show respect for their

teachers teachers.




Cognitive and
Functional Skills

Cognitive and
Functional Skills

Engagement and
Participation
Engagement and
Participation

Bulgarian Language and
Literature (Adapted
Literacy Tasks)

Sequencing of Actions

Following Multi-Step
Instructions

Initiative

More Active
Participationin
Learning and
Functional Activities
Symbol-Supported
Reading

Follows instructions in
the correct sequence

Is able to follow
instructions involving
more than one step
Initiates and begins
activities

Actively engages in
activities

Is able to complete
tasks involving reading
and/or constructing
sentences using
symbols.




INSTRUMENTS/MEASURES

Indicator Variables [(Yes [No
(behavioral for tables

Please rate No Rat Rat Yes
the students’ her her
attitude No Yes
toward the

responses)

Engages in Physical 1 O
physical fights at
least once

learning

process. Aggression

1 Attend school | 1 | 2 | 3 | 4 |
willingly Uses offensive Verbal 1 0
language and Aggression
2 Regularly 1, 2 3| 4 verbally insults
other children
complete
their Disrupts or Hostility 1 O
homework interferes with
3| Show 1| 2| 3 4 the work of other
respect for children when
their attention 1s not
received
teachers.




INSTRUMENTS/MEASURES

Question [Indicat |Ye |Yes, |Rare|No, [JQuestion Yes, Rare No,
or s, |somet|ly neve often someti |ly never
oft |imes r
en
2 1

C
Aggression - A ] 0 »
Physic 4 3 Misbehaves

in class

al

Aggres

sion

Verbal 4 3 2 1
Aggres Frequently [ 3 2 1

sion skips school

Hostilit 4 3 2 1 Falls behind [ 3 2 1
y in school




VARIABLES

Dependent variables Independent variables

o The variables that will be
measured during the study

o Those that will be directly
influenced (manipulated)

o Control variables refer to
factors that may directly
or indirectly influence the
results of the experiment

o The determination of these or study

variables is guided by

theoretical frameworks o Such as gender, age,

social status, school,
indicators: aggression, class, height, weight,

motivation, reading literacy, =~ 0128NOSIS, position,
height, participation, workplace, professional

activity, etc. experience, and others‘

o All criteria and




OPERATIONALIZATION OF INDEPENDENT
VARIABLES

o Defined through measurable indicators.

o For example, participation 1s operationalized
based on frequency of involvement in the
experimental activities.

o The levels of participation are categorized as
follows:

- low level of participation (0—-20 times) - 1
- medium level of participation (21-60 times) - 2
- high level of participation (over 61 times) - 3




DISTRIBUTION

o It describes how values of a
variable are distributed
around the mean.

=F

o Most observations cluster = -
near the central value and

fewer occur at the
extremes.

o The mean, median, and
mode are equal

o The distribution 1s
symmetric around the
mean

o The histogram is bell-
shaped
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NORMAL DISTRIBUTION

o For example, imagine we ask 10 students to
rate a course from 1 to 5: ,
Histogram

02,3,3,3,4,4,4,4,5,5 Mol it ibution
o The distribution tells us that:
O 2 occurs once

o 3 occurs three times

o 4 occurs four times

o 5 occurs twice

o So, rather than looking only at the individual
answers, the distribution gives us a picture of the
whole dataset.




NORMAL DISTRIBUTION

Hiztogram of multiple variables
geua ananus 15v*35c
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o Median —the middle value in a 1 2 3
dataset when the numbers are
arranged in order (from smallest

M — |
to largest). Center of data €an — average value

Median — middle value

Mode — most frequent value ‘

1, 3, 5 — median = 3
2,4,6,8—>(4+6)-2=5




ASYMMETRIC DISTRIBUTION(SKEWED

DISTRIBUTION)

Positive skew (right-
skewed)

o Tail extends to the right

o Most values are on the
left (smaller numbers
with high values)

o Mean > Median > Mode

o Differences between
mean, median, and mode

o Income distribution —
usually positively
skewed (few very high
Incomes)
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EXAMPLE

o Students’ test scores
o Scores: 40, 50, 55, 60, 65, 70, 95
o Most students scored between 40-70
o One high score (95) pulls the distribution to the
right
A

Positive Skew




ASYMMETRIC DISTRIBUTION(SKEWED
DISTRIBUTION)

Negative skew (left-
skewed)

o Tail extends to the left T Smesdaneeti0s et

70

1
Varl = 64*1* normalix; 4,75; 0,504)
Var2 = 641" normal(x; 4,7813; 0,4369)
Var3 = 64™1"normalix; 4,2187; 1,1194)

o Most values are on the

. h 11 60 Vard = 64*1*normal(x: 4.9063: 0.2938)
- Vard = 641" normal(x; 4,1875; 1,1391)

rlg t Sma er numb er WVarb = 641" normal(x; 4,25; 1,0079)
80 b Var? = 641" normal(x; 4,7813; 0,4167)

Vard = 64™1" normalix; 4,75; 0,504}
WVard = 64*1* normali>; 3,75; 1,3333)

of low rates

o @ 40
0 Mean < Median < Mode :
. Z 5l
o Differences between
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mean, medlan, and B Couaners onur
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mode " Moo
2] [a Hayua Ha Hewo Aeuara
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EXAMPLE

o Students’ test scores

o Scores: 30, 60, 65, 70, 75, 80, 85

o Most students scored high (60—-85)

o One low score (30) pulls the distribution to the

left A

Mode

Left-skewed /
Long left tail

Median /

Negative Skew




Left-skewed

Symmetric

Right-skewed

» . Mode
Median

Skewness = 0.15 — almost symmetrical
Skewness = +1.40 — clearly right-skewed

Skewness = —1.30 — clearly left-skewed

Mode . N Mean

Median

Median
Mean

Kurtosis = 0.20 — close to normal

Kurtosis = +2.50 — relatively heavy-tailed/peaked

Kurtosis = -1.20 — relatively flat/light-tailed




NORMALITY TESTS SPSS

Analyze — Descriptive Statistics — Explore

C -
Krit1  Mean 28261 02243
95% Canfidence. Inferval. Lower 2.7821
for. Mean. Bound.
Unper 2.8702
Bound,
5% Jrimmed Mean 2 8334
Median. 27778
Mariange 202
2id. Deviation. 44971
Minimum, 1.56 Test Sig. (p) | Interpretation
Maximum. 4.00 Shapiro—Wilk | p > .05 | Normality
— Shapiro—Wilk | p <.05 | No normality
Inferguartile Range.
skewness -212 122 . . .
: 53 L4; Thisis 1.:uhy we should never j.ud.ge
~ normality from only one statistic.
Tests of Normality
Kolmogorov-Smirmov® IrQ-Wi ‘
Krit1 080 402 <.001 986 402 <.001

a. Lilliefors Significance Correction




SCALES (WEAK)

o Used to name or label
categories (categorical
variables)

o It does not show order or
quantity — just different
groups.

o Eye color: blue, brown,
green

o Dichotomous nominal
scale with only two
categories. — gender
(male/female;yes/no) 0/1

o Used to rank or order
categories.

o The order matters, but the
distance between values 1s
not equal or known

v Satisfaction: low, medium,
high

v Education level: primary,
secondary, higher

v Ranking: 1st, 2nd, 3@

v Frequency: never, sometir‘
often




SCALES (STRONG)

o Values are ordered

o The distance between
values 1s equal

» Temperature in Celsius
or Fahrenheit

» 1Q) scores
» Calendar years

o Differences between
individual classes can
be assessed

o Order

o Numbers with equal
intervals

o Height (0 cm =no
height)

o Weight (0 kg = no
weight)

o Age
o Income
o Number of students




Feature

Nominal
Scale

Ordinal
Scale

Interval
Scale

Ratio Scale

Meaning

Order

Distance
between
values

True zero

Can compare
><)

Can
add/subtract

Can
multiply/divid

Fa

Categories
(labels)

K No

K Not
defined

K No

X No

X No

X No

Ordered

categories

Yes

XK Not

equal/unknow
n

K No

Yes

X No

X No

Ordered with
equal
intervals

Yes

Equal

K No
Yes

Yes

X No

Ordered with
equal
mtervals +
true zero

Yes

Equal

Yes

Yes

Yes

Yes



NOMINAL AND SCALE VARIABLES

Nominal Variables Scale Variables

Meaning Categories (labels) Nenenig]
measurements
Type of data Categorical Quantitative
Order & No order Ordered
. v
Caleulations X Cannot.calculate v Can calculate mean,
mean, median median, etc.
Examples Gender, nationality, eye = Height, weight, age,

color 1ncome

Scale (includes ordinal, |

SPSS term Nominal interval & ratio)




PARAMETRIC AND NON-PARAMETRIC

METHODS

o Normal distribution. o Skewed distribution.

o Data 1s numeric o Data 1s categorical or ordinal
(interval/ratio) o Small samples (N<30).

o Large samples with o More flexible,
large data sets accommodating different
(N>30). data types, including ordinal

o Example: t-test and nominal.

o They are précise but o Example: Mann—Whitney

sensitive to deviation test

o Resistant to deviations




PARAMETRIC VS NON-PARAMETRIC

. Non-Parametric
Feature Parametric Methods
Methods

: Require assumptions Fewer or no strict

Assumptions C e :

(e.g. normal distribution) assumptions

, Nominal, ordinal, or
Data type Interval or ratio data
non-normal data
. Usually assumes normal No need for normal

Distribution . er s U

distribution distribution

S More powerful 1f More flexible but less

Sensitivity ,

assumptions are met powerful

Mann—Whitney,

t-test, ANOVA, Pearson , _
Wilcoxon, Chi-square,

Examples of tests ,
correlation

Spearman




DATA ARRANGEMENT AND
TRANSFORMATION

o A dataset should always be organized in a specific way: the
rows represent the units (e.g., individuals or observed objects)
for which data are collected, while the columns represent the

variables.
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a *Untitled1 [DataSet0] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze Graphs  Utilities E
HE I e~ XL= 1 |
17 :
& VAROO & VAROO & VARDO & v:n;‘uo -
1 2,00 3,00 2,00 1,00
2 3,00 3,00 3,00 3,00
"3 3.00 3.00 3.00 3,00
4 4,00 3,00 4,00 4,00
"5 | 400 4,00 4,00 4,00
6 3,00 3,00 3,00 3,00
7 2,00 2,00 2,00 2,00
8 2,00 3,00 2,00 2,00
9 2,00 3,00 2,00 2,00
10 2,00 2,00 2,00 1,00
1 3,00 3,00 2,00 2,00
12 2,00 2,00 2,00 2,00
13 3,00 3,00 3,00 3,00
14 3,00 3,00 3,00 3,00
15 3,00 3,00 3,00 3,00
16 2,00 4,00 2,00 2,00
17 2,00 3,00 2,00 2,00
18 3,00 4,00 3,00 3,00
19 3,00 3,00 3,00 3,00
20 2,00 2,00 2,00 3,00
21 | 3,00 3,00 3,00 3,00
99 (| 300 300 200 300
m- Variable View




RECODING

Recoding is a
procedure 1n which
the entered values

of a variable are

transformed
according to a
scheme selected by
the researcher.

C.6.
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Veliko Tarnovo

Veliko Tarnovo
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DESCRIPTIVE STATISTICS: FREQUENCIES

Frequencies show how often each value or category appears in youl
data.

Statistics
BucoyunHa_cne
BucoyuHa [Mon a
N Valid 10 12 10
Missing 2 0 2
Mon
Cumulative
Frequency Percent Valid Percent Percent
Valid Mbx 5 41,7 41,7 41,7
WEHA 7 58,3 58,3 100,0

Total 12 100,0 100,0




BucoynHa

Cumulative
Frequency Percent Valid Percent Percent

Valid 144,00 1 8,3 10,0 10,0
155,00 3 250 30,0 40,0
160,00 1 8,3 10,0 50,0
162,00 1 8,3 10,0 60,0
165,00 1 8,3 10,0 70,0
167,00 1 8,3 10,0 80,0
170,00 1 8,3 10,0 90,0
171,00 1 8,3 10,0 100,0
Total 10 83,3 100,0

Missing System 2 16,7

Total 12 100,0




Percent

NOMINAL VARIABLE — FREQUENCIES AND
BAR CHART

60

50

40

30

20

10

Mon

MBX HKeHa




SCALE VARIABLES — MEAN, SD,
HISTOGRAM

BucouumHa

(8]

Frequency

140,00 150,00 160,00 170,00

BucouuHa

180,00

Mean = 160 40
Std. Dev. = 8,356




MEAN VALUE (M)

o The mean value (or average) is the result you get
when you: add all values and divide by the
number of values

z— 2%
T

0 X = mean (average)

o Y'x = sum of all values

o n = number of values
o Example: Mean of 4, 7,1 = (4+7+1)=12/3=4




STANDARD DEVIATION (SD)

o Standard deviation shows how spread out the
data 1s around the mean. It tells you if values are
close to the average or far from 1it.

o Small standard deviation — values are close to
the mean

o Large standard deviation — values are spread
out

o Data: 5, 6, 7 ; Mean = 6; Values are close — small
standard deviation

o Data: 2, 6, 10; Mean = 6; Values are far — large
standard deviation




SD

\/Z z —I)°
g —

n— 1
Where:

o s = standard deviation
o X = each value
O X = mean

o n = number of values




Four friends compare their exam results.
o Step 1 1: Find the mean value.

_6+2+3+1 12
o= 4 4

o Step 2: Get the mean value out of each score

PesynTaT: z; OTKNOHeHUeE: (x; — u)

6 6—8) 3

2 2 — —1

3 3@:0




o Crpuka 4: Add up the squared deviations

PesyntaT: z; OTKNOHeHME: (z; — 1) OTKIOHEHME Ha KBaApaT: (z; — u)*

6 6—3=3 (32=9
2 2-3=-1 (-1)2=1
3 3-3=0 (0)2=10
1 1-3=—2 (—2)2 =4
9+1+0+4=14
o Step 5: Divide the sum by the number of 14
-for the sample 14/4-1=4,66 ? = 3,5

o Step 6: Find the square root of

the result from Step 5.

o SD = 1,87 for the population V3.5~ 187
o SD = 2,15 for the sample




File Edit View Data Tra og3/in Hauano BwmbksaHe

*Untitled4 [DataSet6] - IBM SPSS S

_— i D ._ Statistics
i H = K |jj & [calibr VAR00001
18 : MNocTtaem [E " y ¥k n -« | N Valid 1
VAROO — T v a4 B Missing 0
® 001 o Kmwnbopa I wj Mean 3,0000
1 6,00 i Median 2,5000
2 2,00 G15 VIEX B e 1,00°
3 3,00 A B Std. Deviation 2,16025
4 1,00 1 1D Pesyntati usnur Variance 4 667
- 2 |1 6 a. Multiple modes exist.
6 3 2 2 The smallestvalue is
- 4 3 3 shown
g 5 |4 1
9 6 M 3
an 7 SD 2,160246899




P Means

Case Processing Summary

Cases
Included Excluded Total
N Percent N Percent N Percent
BucoynHa *MNon 10 83,3% 2 16,7% 12 100,0%

Report
BucoyunHa
Mon Mean N Std. Deviation
mex 164 6000 5 6,87750
weHa  156,2000 5 B,10555

Total  160,4000 10 8,35597




Std.
. - _ W

Manonaeane Ha JAK 402 2 4 3.79 492
cpencrea

Manonssane Ha Choard " 402 1 4 2.08 1.074
MWUMKEKW 1 ecToBe 402 1 4 3.39 838
HanwucaH Tekct 402 1 4 3.09 910
KapTWUHKW, CHUMEKW W 402 1 4 3.79 204
cumBonun”

PeanHun npeametn” 402 1 4 3.65 B35
YcTpoicTea 3a 402 1 4 1.82 892
CWUHTE3upaH roeop ¢

DyTOHK

CneunanuanpaH 402 1 4 1.90 950
copryep”

PECS, Makarod wnu ap. 402 1 4 1.92 1.003

Valig N (listwise) 402




MEAN VALUES FOR TEXT

ITokazaTen N M SD Min Max
HznonseaHe Ha 402 3.79 492 2 4
JAK cpeacTea

HznonseaHe Ha 402 2.08 1.074 1 4
Choard "

MuMHEH H 402 3.39 838 1 4
KecToBe

HammcaH TekcT 402 3.09 210 1 4
KapruHkH, 402 3.79 504 1 4
CHHMEKH H

CHMBOIH"

PeamHu 402 3.65 635 1 4
peIMeTH"

YerpolcTEa 3a 402 1.82 892 1 4
CHHTe3HpaH

TOBOP ¢ OVTOHH

Crnempamsapas 402 1.90 850 1 4
codryep"

PECS, Magaron, 402 1.92 1.003 1 4
HIH Op.




3,5

2,5

1,5

0,5

Varl
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Var3
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MEAN FOR TEXT NEEDED

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Scale Mean SD N
Leadership & Org | 3.78 0.10 226
Culture

Planning 3.79 0.11 226
Motivation 3.77 0.11 226
Control 3.78 0.20 226
Overall 3.78 0.13 226

Table 1. Bulgarian students: descriptives by scale (1-4).




RELIABILITY TEST

o Cronbach’s alpha (a) 1s used to measure the
reliability (internal consistency) of a test or
questionnaire.

o If you have a questionnaire about motivation
with 10 questions: Cronbach’s alpha checks if all
10 questions are consistent with each other(i.e.
they measure motivation in a similar way).

o High alpha = items are consistent

o Low alpha = 1items may not measure the same
thing




Alpha (a)

> 0.9 Excellent
>0.8 Good

> 0.7 Acceptable

> 0.6 Questionable
<0.6 Poor

Reliability Statistics

Cronbach's
Alpha Based
on
Cronbach's  Standardized
Alpha ltems N of Items
.889 873 8




IN SPSS

o Analyze — Scale — Reliability Analysis

Reliability Statistics

n

hl

Alpha Based.

Q.

Cronbach's.  Standardized
Agha . ltems N of ltems

( 67

076 3

[ OTOBM NOMOLLIHA
Marepuanu u paboTHn
NMUCTU C KapTUHKW
PabotHu nucTtu ¢
KOHKPETHM
obpasoBatenHu 3agadu
KapTUHEM
MeToguueckn yKkasaHuAa
['oTOBM aganTUpaHu
YpouM ¢ 0BACHEHWA N
ynpasHeHua"

Seale Mean it Manancg Il

liem Releted  ltem Releted
13.55 3.605
13.23 4.088
13.30 4.255
13.87 3.511
13.87 2.999

21

126
122
292




RELIABILITY IN TEXT CRONBACH ALPHA

Scale Items (n) Bulgaria o US. a
Leadership & 7 0.745 0.883
Organizational Culture

Planning 4 0.557 0.825
Motivation 7 0.872 741
Control 6 0.630 750




CORRELATION

Measures the relationship between two
variables— between -1 and +1

1. Positive correlation

o As one variable increases — the other also
1ncreases

o Example: study time T — test scores

2. Negative correlation

o As one variable increases — the other decreases
o Example: stress T — performance |

3. No correlation

o No relationship between variables




CORRELATION ANALYSIS

€orrelation coefficient 200 e L
(r):r=—-1to +1 ——
stronger stronge
- +1 — perfect positive
. =% Correlations
correlation
- 0 — no correlation Correlations
. BucounHa_cne
- -1 — perfect negative SRS 8
1 . BucoyuHa Pearson Correlation 1 875
corre atlon Sig. (2-tailed) <,001
N 10 10
O p< °05 BucounHa_cnen Pearson Correlation ,875" 1
o The p-value (probability Sig. (2-tailed) <,001
N 10 10

value) significance

** Correlation is significant atthe 0.01 level (2-tailed).

o It tells you how likely your ’

results are if there is




o Pearson correlation (r)— for numerical,
normally distributed data

o Spearman correlation (r)— for ordinal or non-
normal data

Correlation does not mean
causation(just because two things

are related does not mean one
causes the other)




Interpreting results:

or>0.7 —strong correlation
or<.6r>.04 - moderate correlation
o r < .40 — weak correlation

* Correlations

Correlations

BucoynwHa_cne

BucouunHa 4 Mon

BUCOUNHE Pearson Correlation 1 875 - 530

Sig. (2-tailed) <,001 115

N 10 10 10
BucoynHa_cnen Pearson Correlation ,8?5" 1 -,?25‘

Sig. (2-tailed) <,001 018

N 10 10 10
Mon Pearson Correlation -530 - 725 1

Sig. (2-tailed) 115 018

N 10 10 12

** Correlation is significant atthe 0.01 level (2-tailed).
* Correlation is significant atthe 0.05 level (2-tailed).




Correlations

BucounHa Mon Terno

BucounHa Pearson Correlation 1 -530 011

Sig. (2-tailed) 115 977

N 10 10 10
Mon Pearson Correlation -530 1 303

Sig. (2-tailed) 115 394

N 10 12 10
Terno Pearson Correlation 011 303 1

Sig. (2-tailed) 977 394

N 10 10 10

Correlations

BucoymHa Terno

BucounHa Pearson Correlation 1 011
Sig. (2-tailed) 977
N 10 10

Termno Pearson Correlation 011 1
Sig. (2-tailed) 977

N 10 10




KENDALL TAU — FOR SMALL SAMPLES

Nonparametric Correlations

Correlations

BWcoynHa_cne

BucounHa i
Kendall's tau_b BucoumHa Correlation Coefficient 1,000 ,?Dﬁ"
Sig. (2-tailed) : 006
N 10 10
BucounHa_cnes Correlation Coefficient 706 1,000
Sig. (2-tailed) 006 :
N 10 10

** Correlation is significant atthe 0.01 level (2-tailed).




HOW DO YOU PRESENT

VARIABLES 2 3 4 S 6 7 3 9
VARIABLE 1 p=183; | p=.118; | p=2202; p=.240; p=244; p=2302; | p=328; | p=-.18E;
p=001 | p=018 p=.001 p=.001 p=.001 p=001 | p=001 | p=.001
VARIAELE 2 — p=121; | p=213; p=171; p=215; p=- p=133; | p=.235;
p=2015 p=.001 p=.001 p<.001 195; p=2007 | p=.001
p=001
VARIABLE 3 — p=119; | p=-077; | p=.040; | p=295; | p= p=-_125;
p=2017 p=121 p=425 p=001 | .141; p=.012
p=1005
VARIAELE 4 — p=123; p=187; p=1032; | p=262; | p=-004;
p=2013 p=.001 p=302 | p=001 | p=929
VARIAEBLE 5 — p=305; p=-013; | p=.156; | p=.083;
p=<.001 p=798 | p=002 | p=.096
VARIABLE 6 — p=.035; | p=157; | p=2020;
p=484 | p=002 | p=.683
VARIABLE 7 — p=2290; | p=-290:
p=001 | p=.001
VARIABLE & — p=-.133;
p=007

VARIABLE 9




HYPOTHESIS

H,: Alternative

Hypothesis

o There 1s a difference
between the two
variances.

o The intervention 1s
working

o There 1s an effect

o Something has
changed

o H;: There 1s a
difference between
two teaching methods

H,: null hypothesis

o There 1s no difference
between the two
variances.

o The intervention 1s
not working

o There 1s no effect
o Nothing has changed

o It is the default
assumption

o Hy: There 1s no
difference between
two teaching methods




Decision rule (using p-value):

If p <0.05 — reject Hy — support H; v
If p > 0.05 — do not reject Hy




T-TESTS

WHAT ARE WE
TEST i Q SIMPLE EXAMPLE

One-Sample One group vs. a 50 Is the average

tudent score
- known/reference value =
iRtk OQ different from 507

Did students

©-O Paired-Samples @ The same group / improve from

t-test measured twice pre-test to
Pre-test Post-test pos t-test?
Independent- . ® @ Domaleand
Samples Two different w VS. O female students
groups have different

t-test
mean scores?



ONE SAMPLE T-TEST

o One-sample t-test =
compare your group’s
average to a fixed
value

o Used to check whether
the mean of one group
1s different from a
known or expected
value.

o SPSS - Analyze —
Compare means —
One-sample T-test

p <0.05

t-value and critical
value

Confidence interval
crosses (

One-Sample Statistics
N Mean Std. Deviation  Std. Error Mean

Bucounna 10 160,4000 8,35597 2,64239

One-Sample Test

TestValue =165

85% Confidence Interval of the

/ Significance Mean Difference

t df One-Sided p  Two-Sjemep~_  Difference Lower

Upper

Bucownna | -1.74] {9 058 [ 16 ) -4,60000 10,5775

1,3775

One-Sample Effect Sizes

95% Confidence Interval

Standardizer® Point Estimate  Lower Upper
BucoynHa Cohen'sd 8,35597 -551 -1,206 I3
Hedges' correction 914345 -503 -1,102 120

a. The denominator used in estimating the effect sizes.
Cohen's d uses the sample standard deviation.
Hedges'correction uses the sample standard deviation, plus a correction factor.




PAIRED SAMPLE T-TEST

o Repeated measure design

o Compares the means of the same
group measured twice

o Pre test m post test

o Students’ scores before training
and after training

Analyze — Compare means — Paired-
sample T-test

p <0.05
t-value and critical value

Confidence interval crosses 0
(confidence interval — probability
that a repeated test will have
identical results)

Sample A

Mean values
before
Intervention

Mean values
after
Intervention




Paired Samples Statistics

Mean N Std. Deviation  Std. Error Mean
Pair1 BucounHa 160,4000 10 8,35597 264239
BucounHa_cneg 172,0000 10 611010 1,83218
Paired Samples Correlations
Significance
N Correlation One-Sidedp Two-Sided p
Pair1 Bucounna & 10 875 <001
BucounHa_cneg
Paired Samples Test
Paired Differences Significance
95% Confidence Interval ofthe
Mean  Std. Deviation Std. Error Mean P
Pair1 BucoynHa- -11,60000 422164 1,33500

BucounHa_cnes

df_~_ One-Sidedp Two-Si
-8,58002 -8,689 ‘ 9 ) <,001 <,001




Paired Samples Correlations

Significance
N Correlation One-Sidedp Two-Sided p

Pair1 BucounHa & 10 875 <001 <001

BucounHa_cneg
Pair2 BucouyuHa_cneg & 10 875 <001 <001

BucounHa

Paired Samples Test
Paired Differences Significance
95% Confidence Interval ofthe
Difference
Mean Std. Deviation  Std. Error Mean Lower Upper /L\ df/_.Qne-Sided p TWDW

Pair1 BucounHa- -11,60000 422164 1,33500 -14,61998 -8,58002 8,689 (;~fi_,) <001 ( <001 >

BucounwHa_cnepg,
Pair2 BucounHa_cnea- 11,60000 422164 1,33500 8,58002 1461998 8,689 g9 <001 <,001

BucounHa




INDEPENDENT SAMPLE T-TEST

o Compares the means of
two different groups

o Is there a statistically
significant difference

between 2 groups? (male-
female, EG/CQG)

o SPSS - Analyze — Compare
means — Independent
sample T-test

o p<0.05

o t-value and critical
value

NOl’l- — . oy
. . Intervention
Intervention

f N

o Confidence interval

n




INDEPENDENT vs PAIRED T-TEST

FEATURE INDEPENDENT T-TEST PAIRED T-TEST

; Two different One group

a ‘ ‘ a groups (twice measured)
| XN X | O @
GROUPS AR A4 A —Ae

I Independent Related / paired

1
DATA TYPE @ @
Male vs female Before vs after
@ © 3] ]

» VS v = — |¥=
EXAMPLE o= &=



o Example (one-sample t-test):

o A one-sample t-test showed that the mean score
(M =73.8, SD = 3.0) was higher than the
expected value of 70, t(4) = 2.85, p =.046.

o Example (independent t-test): There was a
significant difference between groups,

£(38) = 2.10, p =.042.

o Example (paired t-test): Scores after the
intervention (M = 80.2) were significantly higher
than before (M = 70.5), t(19) = 3.25, p =.004.




Independent Samples Test

Levene's Test for Equality of

Variances t-testfor Equality of Means
Significance Mean Std. Error
F df A One-Sidedp Two-Sided p Difference Difference
BucoynHa Equal variances assumed 004 058 15 8,40000 4,75395
Equal variances not 058 2 8,40000 4,75395
assumed
BucoyuHa_cneg Equalvariances assumed 984 0 % 8,40000 2,82489
Equal variances not 010 020 8,40000 2,82489
assumed
o Variable: Bucounna (He
t(8) = 1.767

p (two-sided) = .1

Heig : was a significant difference between groups, ‘
t(8) = 2.97, p =.018.

At the start — groups are similar: After — groups are differer

1t




ANOVA (ANALYSIS OF VARIANCE)

o ANOVA 1s a statistical test used to compare the
means of three or more groups.

o It tells you if there 1s a significant difference
between groups. Are these differences large
enough to be statistically significant, or could
they simply be due to chance?

o When you want to compare their average values
Test result (F-value):ANOVA gives you:

F statistic; p-value

If p < 0.05 — significant difference

If p > 0.05 — no difference

One-way ANOVA — one factor (e.g. teaching method)

Two-way ANOVA — two factors (e.g. method +
gender)




o This i1s basically an extension of the Independent-
Samples

o t-test:t-test — 2 groups
o ANOVA — 3 or more groups
o Levene’s test

o Before interpreting the standard ANOVA, we
check one important assumption: homogeneity of
variances. Are the groups approximately
equally variable?




What does it | If p > .05 If p <.05 What to do?
test?

One-Way Are the means No significant Significant If significant
ANOVA of 3+ groups  difference difference — Post-hoc
different? between at test
least two
groups
Levene’s Test Are the Variances are  Variances are p > .05 —
variances similar significantly  Standard
equal across  (homogeneity different ANOVA; p <
groups? assumed) .05 — Welch
ANOVA
Welch Are the means No significant Significant If significant
ANOVA of 3+ groups  difference difference — appropriate
different between at Post-hoc test
when least two
variances are groups .

unequal?




ANOVA TESTS - QUICK GUIDE

TEST WHAT DOES IT TEST? : IFp > .05 IFp<.05 WHAT TO DO?
not significant) (significant)

One-Way
ANOVA

Levene’s
Test

cJe

Welch
ANOVA

Are the means
of 3+ groups
different?

Are the
variances
equal across
groups?

Are the means

of 3+ groups
different

when variances
are unequal? g

No significant
difference

©

Variances are
similar
(homogeneity
assumed)

o

No significant
difference

O

Significant
difference
between at
least two

groups Q

Variances are
significantly
different

Significant
difference
between at
least two

groups Q

0 Note: Always start with Levene’s Test to check if variances are equal. Then choose the appropriate ANOVA test.

If significant
— Post-hoc
test

Q

p 205~
Standard
ANOVA

p=05=>
Welch ANOVA

If significant
—> appropriate
Post-hoc test

Q



ANOVA

BucouynHa_cnepn
sum of

Squares df Mean Square F Sig.
Between Groups 176,400 1 176,400 8,842 018
Within Groups 159,600 8 19,950
Total 336,000

o F(1, 8) = 8.842
op (Sig.) =.018 <0.05
o The result 1s statistically significant

o There 1s a significant difference between the
ogroups for Height after. This suggests the
intervention or group effect had an impact

o The groups were different after the experiment

o This supports the 1idea that your independent
variable had an effect




DATA REPRESENTING

ANOVA

BucounHa_cnep

Sum of
Squares df Mean Sguare F Sig.

Between Groups 176,400 1 176,400 8,842 018
Within Groups 159,600 8 19,95
Total 336 ug/ i

F(1, 8) = 8,842, p > .001

o Report in text: There was a significant effect of
group on height after the intervention, ‘

o F(1, 8) = 8.842, p = .018.




95% Confidence

N Mean Desit;jt.ion ESrtl'd& 'Cte"val fOI’UMean
sonot 5PP Robust Tests of Equality of Means
1 38 39094 06342 3.3890 3.6460 Krit
2 94 45761 .04720 3.3495 3.5370 df1 ﬁfz Sig.:
3 164 46485 03630 32484 33918 Welch ( 275 ) (7 4] \78.047/ [ .893
4 90 41676 04393 3.3312 35058 a.Confidence mterval: 95%
5 16 36260 09065 3.3484 3.7349 .
Total 402 44632 02226 3.3547 3.4422 b- Asvmptolically F distributed
Tests of Homogeneity of Variances
Levene
Statistic. df1
Krit1 Based on Mean 3.799 4
Based on Median 3.006 4
Based on Median and. 3.006 4 374.136 .018
with adjusted df
Based an trimmed mean 3.611 4 397 .007
a. Confidence Interval: 0%
ANOVA
Krit1
Sum of Mean
Squares df Square, F Sig.
Between 423 4 106 520 A2

Grolnes




Post Hoc Test

Multiple Comparisons
Depsndent Variahle: Krit2
Tukey, HSD
Mean 95% Confidence. Infarval,

) W) Difference. (I- LOWER LIpRex

Brapact  Bnapact J) Sid Emer Sig Bound Boupd,

1 2 07428 08509 07 - 1589 3075
3 19742 07969 098 -0210 4158
4 09903 08563 776 - 1356 3337
5 02412 13191 1.000 -.3856 3374

2 1 -07428 08509 007 -3075 1589
3 12314 05726 201 -0338 2801
4 02474 06528 ELT - 1541 2036
5 -09840 11971 924 -.4264 2296

3 1 - 19742 07969 098 - 4158 0210
2 12314 05726 201 -.2801 0338
4 -09840 05807 438 -2575 0607
5 22154 11593 313 -5302 0961

4 1 -09903 08563 776 -.3337 1356
2 -02474 06528 096 -2036 1541
3 09840 05807 438 - 0607 2575
5 12315 12009 844 -.4522 2058

5 1 02412 13191 1.000 -3374 3856
2 09840 11971 0924 - 2296 4264
3 22154 11593 313 - 0961 5392
4 12315 12009 844 -.2059 45232




Tukey HSO 1 2 232 42 =16 Jg2
3 253 A33 -.11 Jg2

4 .ogg’ 143 21 .Ba

i A8 220 -14 1.06

2 1 -.232 142 -6z s
3 021 J095 -24 28

4 iy 108 07 a7

5 220 J1gd -.32 .78

3 1 -.253 33 -g2 .11
2 -.021 A085 -28 24

< 34E a7 A2 81

5 207 183 -3z2 74

4 1 -.008 143 -.Ba -21
2 388 108 -87 -07

3 -.o4E" 057 ~-.61 -.08

i - 136 200 B -89 A1

5 1 .41 220 224 -1.06 .14
2 -.220 188 Ta1 -T8 e ¥

3 =207 83 .a20 -74 e ¥

4 138 ~200 58 -41 il

Games- 1 2 232 12 241 -.08 54
Howeedl 3 253 0G 131 -04 A5
2 A0g 30 (=001 2 g2

5 481 104 . - 11 1.03

2 1 -.232 12 241 -.54 .08
3 21 033 Bgo -2 25

4 a8E i A25 03 .70

i) 220 82 720 S ¥ T8

3 1 -.253 106 A3 -.05 204
2 =021 A0E3 e -25 21

4 Ll BT A28 02 Lir)

5 207 178 N -.33 5

4 1 508 A3 =001 -.82 -.21

Levene p > .05 - ANOVA - Tukey
Levene p < .05 —» Welch ANOVA — Games—Howell




HOW WE PRESENT

Variable Levene | Test used | Statistics p (2- Signif | Post Hoc
P tailed) | icanc

Variable | .005 Welch F(4, 78.047)=.275 | .893 No -
Variable 2 784 ANOVA | E(4,397)=2.677 032 Yes No
significant
pairs
(Tukey)

Variable 3 <.001 Welch F(4,81.808)=4.942 | .001 it Ho30r >
51-60r (p
<.001); 31—
40r. > 51-
60r. (p=
.025); 41-50
r.>51-60
T (p=.029)
(Games-
Howell)




Variable Levene | Test used Staﬁstics p(2- Significanc | Group with
p tailed) e higher
value (M)
Variable 1 .030 Welch F(l,34.67)=9.73 | .004 Significant | Females
(M=2.85)
Variable 2 067 t-test t(400) = 3.81 < .001 Significant | Females
(M=3.42)
Variable 3 Sl11 t-test t(400) = .687 493 Non Females
signifigant, | (M=3.41)




APA FORMAT

o (r= .80; p <.001) — correlations parametric
O (rr- .80 p <.05) - correlations non-parametric

o (M=4.43, SD = 0.90) — mean

values Scale Mean SD
Leadership  3.78 0.10
& Org
Culture

(@) F(1 . 8) - 8,842, p > 001 BL?M 3.79 0.11
Motivation  3.77 0.11
Control 3.78 0.20

- ANOVA Overall 378  0.13

226

226
226
226
226
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