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OUTLINE

Descriptive statistics

* Mean, mode, median
* Variance & standard deviation
* Normal distribution

Introduction to statistical

inference and hypothesis testing




WHY USE NUMBERS?

They add value to what we are saying...

Which of the below sounds better:

* Many students from UWTSD have a part time job
= 75% of students from UWTSD have a part time job



CAN WE TRUST NUMBERS?

Many people have strong opinions about numbers, especially statistics...

They don’t “PROVE” anything...
* Correct — they don't...
* But as psychologists we don’t want to PROVE anything, either

Numbers provide us with information, the value of which depends on what else
you know and whether it suits your purpose



AND NUMBERS FIT... WHERE?

When we examine numerical datq, its relevance largely depends on what is
being asked of your participants...

Ask yourself:
* Does this provide a useful insight?

* Does it indicate outliers that may need further investigation?

* Does it help me spot any trends?

* Does it affect how you should think about a topic area?



QUANTITATIVE METHODS

In using quantitative measures, we then need to understand
the techniques used to describe and analyse data:

“Descriptive statistics: used to summarise — for example, how many
people took part, their gender, ages, measures of central tendency
on dataq, etc.

“Inferential statistics: the use of statistical tests to analyse data



EXPERIMENTS AND STUDIES

> We measure a sample of a population on some factor

= Intelligence, cancer remission, face recognition;
anything you can think of!

> It is usually impractical to measure an entire population!

" Too big, too expensive, not really needed



EXPERIMENTS AND STUDIES

- We want to INFER from our sample to the wider
population

“ E.g., that measuring a tool which increases intelligence works on
our sample

® That the tool will also increase intelligence in the wider population



SAMPLE

> To infer from our sample to the popuCation, we need
two things; o

o

1) Accurate data from our sample group

.00

2) A way to extrapolate from that group to the wider
population



DESCRIPTIVE STATISTICS




DESCRIPTIVE STATISTICS

- Using the individual pieces of data from each
participant

" Scores on individual tasks for each participant
"  Number of questions answered correctly
" Level of anxiety felt
" Reported narcissism scores

®  Number of words remembered correctly



DESCRIPTIVE STATISTICS

> Produces ‘raw’ data

=  And sometimes A LOT of it!

" We need a way to reduce this to a manageable level



CONVENTIONS

v Conventions in writing

v Conventions in data presentation
“The principles are the same;

*Set out in a standard format that everyone (with a little training)
can clearly understand and interpret

*Standardises information from the simplest to the most complex of
datasets



DESCRIPTIVE STATISTICS: PRESENTATION

Participants
(in your method section)

Number of, age range, number of males/females, average age of
groups

* This is standard for ANY study!

E.g., the sample used for this study consisted of 30 (10 male, 20

female) psychology students who ranged in age from 18 to 41
(M = 21.50, SD = 5.60)



DESCRIPTIVE STATISTICS: PRESENTATION

Results

Descriptive statistics of the dataset

“Central tendency of the variable being measured (if /where
applicable)

* Remember: no measure of central tendency for categorical datal

“Dispersion of scores around that mean

*Variance and standard deviation from the average score (if applicable)



MEASURES OF CENTRAL
TENDENCY

MODE
MEDIAN

MEAN




CENTRAL TENDENCY

People will score differently on almost ANY measure

* Individual differences; error; fatigue

If we give 100 people a memory test, some will score more or
less than others. This could be because they have better or
worse memory, are more or less tired, or have more or less
things on their mind!

So, we need to find the ‘average’ of all the participants in
the group



CENTRAL TENDENCY

Three main ways to measure central tendency:

1) MODE

*The most commonly occurring score

2) MEDIAN

“The middle score when lined up in rank order (smallest to largest)

3) MEAN

“The sum of all scores divided by the number of participants



1. THE MODE

Take all eligible responses (scores, reaction times, etc)

[ 10,5,8,12,8,3,9,18,7

The most commonly occurring score:

|

7\ ™\
[ 10, 5(8,)1 2(8,)3, Q18,7
S A4

" ode=s |




\ 1. THE MODE
Bi-modall!
Issues with the mode?

N\ N
[ 10(3, 8,)1 2(8, 3)9, 18,7 ]
S N—
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\ 2. THE MEDIAN

Take all eligible responses and put in rank/magnitude order

[ 10,5,8,12,8,3,9,18,7 ]

Median is the middle number

7\
[ 3,5,7, 8(8,)9,10,12,18 ]
N

[ Median = 8 ]
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\ 2. THE MEDIAN

But what about even numbers of data?

~—~
[ 3,5,7, 8(8, 9,)1 0,12,14,18 ]
~—

Add the numbers and divide by 2
(8+9) /2 =8.5

[ Median = 8.5 ]
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\ 2. THE MEDIAN

Major problem with the median...

[ 1112568918

Takes no account of the other scores!

Purely about the centre
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3. THE MEAN

The measure of arithmetic mean provides us with a
powerful description of a large set of data

Takes into account each individual ‘data point’ within the
sample

“Calculated as the sum of all the values obtained from

each case (participant) and then divide this number by
the total number of cases
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3. THE MEAN

Equation for calculating the mean

Dataset: 12,7,8, 10, 2,1, 9

_ 2. X
_ 1247+8+10+2+1+9 X =
- - n
49
7

=7
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3. THE MEAN

BUT — can be a weakness if there is a very extreme score
(outlier) present

Eg.,10 12 1 9@ 8 500
(mean = 133)

Larger samples reduce this problem by weakening the
effect of each data point individually
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3. THE MEAN

Summed total divided by the number within the sample (N)

*For a single participant (over several trials)

*For a number of participants (sample)

*We most often look for the mean of all participants scores
in a group
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Square Circle

. 401 280
Imagine that we collect data for
one participant across ten trials 420 380
on two different shaped warning 355 329
290 370 —
* We measure reaction times to the -
shapes displayed on a screen 340 423 one trial
380 390
We can generate a mean score 202 296
for each condition 674 397
340 310
408 399

A 4 A 4

n=10 n=10
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Square Circle

401 280
420 380
We can calculate the sum for
each condition 355 329
290 370
340 423
And th ivi
nd then divide the s‘ummed total 380 390
by the number of trails (10)
202 296
674 327
340 310
408 399
3810/ 10 3504 /10
Mean for square Mean for circle

= 381 = 350.4



RESEARCH AND DATA

These means relate to one of our participants

We need to calculate the means for a number of different
participants...
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RESEARCH AND DATA

How many???
A representative sample...

Just as we can have an extreme sample for a participant,
we can dlso have an extreme participant in a sample

The effect of extreme participants is also reduced by a
larger sample
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RESEARCH AND DATA

Once we have the means for each participants, we can
put them together to find the ‘grand means’ for the
conditions...

*The mean of the means for each condition

Aiming for the strongest measure possible

“Measure taken many times across many participants
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This table now shows the mean
scores for ten participants on the
two tasks

* Mean reaction times to square and
circle warnings

We can now sum the scores for
each condition and find the means
by dividing by the sample size
(10)

M(square) M(circle)

381 350
290 390
340 287
360 365
382 378
298 420
402 297
384 332
342 389
389 364
3568 /10 3572 /10

¥

Mean for square

= 356.8

\

Mean for circle

=357.2

3



HOW CAN WE TELL IF
THE DIFFERENCE
BETWEEN THESE

MEANS 1S
STATISTICALLY
SIGNIFICANT?

i.e., these results are not due to
random fluctuation, error, or chance?




CALCULATING STATISTICAL INFERENCE
FROM DESCRIPTIVE STATISTICS

Just knowing the mean of a group is not enough

*Group AM =11
*Group B: M =10

Is the difference between these two groups down to chance? Or is it a reliable
effect of something?

* How many people have we tested?

* What is the variation of the scores in the groups?
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CALCULATING STATISTICAL INFERENCE
FROM DESCRIPTIVE STATISTICS

First, descriptives can consider the ‘frequencies’ of certain
scores

“How many times each score occurs in a sample

*Can represent this graphically by plotting out the ‘frequency’ for
each score in a ‘histogram’
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HISTOGRAM

Histogram of frequency of correct recall

Frequency
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Frequency

Histogram of frequency of correct recall
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What does this histogram show
us?

The frequency for each
individual score (how many)

How symmetrical the data is
‘skew’

Any values markedly
different / extreme scores
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CALCULATING STATISTICAL INFERENCE
FROM DESCRIPTIVE STATISTICS

By plotting histograms we show one important quality of
our sample

Variability or ‘dispersion’

“How much variability there is between the individual scores in our
sample



CALCULATING STATISTICAL INFERENCE
FROM DESCRIPTIVE STATISTICS

Why this this important?

Amount of dispersion tells us how reliable our mean scores
are likely to be for a sample

Will be used to judge any differences between samples in
terms of significance
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Some distributions obtained from psychological measures
that might be expected to be normal (and fit a normal
distribution) in fact turn out to be SKEWED.

This means that they are ‘lop-sided’ — they have the peak
(mode) to one side and a distinctive tail on the side where
more extreme values occur
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NORMAL DISTRIBUTION

X
X
X
X X
X
X
X

-3 -2 -1 (9] + 1 +2 +3

I | . A58 289% —» | |
| e——— 95 4% —————1 > |

.- 99.74% —
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Mode Mode
Median

J\

Median

Greater number of
extreme values
above the median
has the effect of
shifting the mean
towards the tail

Greater number
of extreme
values below the
median has the
effect of shifting
the mean
towards the tail

e

Left-Skewed (Negative Skewness) Right-Skewed (Positive Skewness)

Can occur when a test is Can occur when a test is

relatively EASY hard

Produces ‘ceiling effects’ Produces ‘floor effects’

* People can’t score much higher than * Participants produce mostly low
the mean but substantial number of scores but some can still score well
p’s can score a low lower than the above the mean
mean

Again, better to use median
Beﬂ'er to use medlqn or or mode as measure of

mode central tendencv



Negatively (left Normal Positively (righD
skewed skewed skewed
distribution distribution distribution



MEASURES OF
VARIATION AND
DISPERSION




MEASURES OF VARIATION AND DISPERSION

1. RANGE
The difference between the lowest and the highest score
|mqgine two sets of data with the same The range can dis’ringuish between these

medn

Set A: 12,14,15,16,18 =

mean 15

two data sets
Set A: range is 18-12 =6

Set B: range is 28-2 = 26

Set B: 2, 3, 15, 27, 28 =

mean 15

Set B contains more dispersion



MEASURES OF VARIATION AND DISPERSION

2. VARIANCE

The degree to which all scores vary from the mean

Compute how each score deviates from the mean by subtracting the score from the
mean

E.g, Set C
15-2=13, 15-14=1, 15-15=0, 15-16=-1, 15-28=-13



VARIANCE

Square the deviation scores and sum

* Square them to get rid of the sign (negative
scores)

“E.g., -13 x-13 =169
169+1+0+ 1+ 169 =340

Divide the total by the number of scores
MINUS ONE to get the variance

340 / 4 = 85

13x13 =169
1x1=1
O0x0=0

-1 x-1=1

-13 x-13 =169
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MEASURES OF VARIATION AND DISPERSION

3. STANDARD DEVIATION

Square root of variance — produces a measure of dispersion
which relates to the actual scores

SetC: 2,14,15,16,28
MEAN = 15
RANGE = 26
VARIANCE = 85
STANDARD DEVIATION (SD) = V85 = 9.22

The standard deviation from the mean was 9.22



-3 —2 — O + 1 + 2 +3

| - 68.26% =1 O | |

| < - — 95 44% — -
T 99.74% — >




MEAN =15

{ Data Exqmple}

SD =9.22

-3.44 5.7/8 15 24.22 33.44
l I —-— 58 289 —» | l
| - P5.44% - l

- 9P .74% -]




STATISTICAL INFERENCE AND
HYPOTHESIS TESTING



STATISTICAL INFERENCE

We have seen how we can start to test hypothesis by looking at
differences in groups of data (e.g., means)

We work in terms of probability in psychology;

Aim to generate a measure of probability that our results were purely
‘chance’ results

* A measure of ‘significance’

* A measure of ‘meaningfulness’
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HYPOTHESIS TESTING

Experimental Hypothesis (H,)

The way we expect the data to differ between the
experimental and control group, or between conditions

* Or the relationship we expect to see between data

* A prediction, based upon the literature /prior experience
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HYPOTHESIS TESTING

Null hypothesis (H,)

Recognition that there may be no differences/relationships
between my data

* We tend not to report this explicitly in our hypothesis

“Because it is (implicitly) always there
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HYPOTHESIS TESTING

We aim to calculate a probability value (or a p-value)
that represents:

“How likely it is that we would find out set of results, if those results
were purely down to ‘chance’ (i.e., if the null hypothesis were true)
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HYPOTHESIS TESTING

The p-value represents this as a % chance

P-values are written as values between O and 1
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HYPOTHESIS TESTING

So, a 10% chance would be written as .10

NOTE: you do not

The level we accept a result as significant is Use a zero before

below a 5% chance

a decimal when the

i a. .05 statistics cannot be
L] ., [J
greater than 1

p < .05 is a significant result

p > .05 is a non-significant result
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STATISTICAL INFERENCE

Essentially we are saying that we are at least 95% confident
that the outcomes from our data are due to our study
manipulation

“But there is up to a 5% chance that the outcomes are due to error or
are a fluke
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STATISTICAL INFERENCE

After running statistical analyses on our data, if the p-value is

less than .05 (p < .05) we can accept our study hypothesis and
reject the null

“If the p-value is greater than .05 (p > .05), then we reject the study hypothesis
and accept the null (i.e., there is no difference /relation)
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STATISTICAL INFERENCE

What is the probability value representing as ‘significant’ in a test of
difference between sets of data?

“That the scores are significantly different
“But also, that the groups tested are not from the same global ‘population’

“To do this we need to use certain ‘descriptive’ statistics for each groups
data

*This can depend upon the test that we are using
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FINALLY!

TAILS AND ERRORS



TAILS

ONE-TAILED:

*Allocating all of your alpha (sig
value) to testing the statistical
significance in one direction of
interest.

*Basically, you make a directional

prediction about your results!

Y

E.g.,

Females will score
higher than males on a

measure of happiness

C
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TAILS

TWO-TAILED:

*Allocating half of your alpha (sig /\/—v\
value) to test the statistical E.g.,
significance in one direction, and half
of your alpha to test the statistical There will be a
significance in the other direction significant difference in

happiness scores
between males and

“Basically, you are testing for a

possibility of the relationship in both \L
directions
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ERRORS

TYPE | ERROR

Concluding that the null hypothesis is false when it is actually
frue

* (Thinking we have found something significant when it is not)
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ERRORS

TYPE Il ERROR

Concluding that the null hypothesis is true when it is actually
false

" (Not realising that a significant difference is there)
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ERRORS

The more power we have in our datq, the less likely we are to
have a Type Il error;

Hence the desire to use the most powerful test possible for the
data that we have (parametric tests where we can)
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