Step 1
The parameter of interest we are investigating depends on the problem type:

Parameter

‘ 4. Difference between two proportions p1 = p2:

Steps 2 & 3
The null hypothesis, Ho &("QP l

v It is our best guess as to what we think the parameter of interest is — a

single plausible value.

v The hypothesised value is not the parameter of interest. Remember that

the parameter of interest is an unknown quantity.

v General form: Ho: parameter = hypothesised value (some number)

v

2. Ho:p= ) '\kmﬁ\w: 4. Ho: p

It's the boring thing — there is no effect or difference.

The alternative hypothesis, H1 |

v

v

v

v

;= O

Specifies the type of departure from Ho that we expect to detect.

Corresponds to the research hypothesis.

There are three different types:

o Hi: paramete@ypothesised value (some number}Q.‘S\M

o Hi: paramete ypothesised value (some number) i
\’6\&

o Hi: paramete@‘)ypothesised value (some number)

2: Hifp > o P \ 4. Hi: p1

When do we use a 1-sided alternative hypothesis? 2
*if in doubt .% * data * research ~

It's the interesting thing — there is an effect or difference\

10

i ?{: 0
R :
pel Swd

knowledse



Step 4 (and Step 8)

e« The estimate is based on the parameter of interest we are investigating:

Parameter Estimate

2. Single proportion p: ' estimate = p

..... _ I : e T

............. -. et oe oo st et s s s s e “.ﬂ - R A
4. Difference between two proportions p1 — p2: | estimate = p, - p,

Step 5 (and Step 8)
e The standard error can be found from the t-procedures tool.

In the exam situation, the standard error will be provided.

o The degrees of freedom are based on the problem type:

Estimate Degrees of Freedom

—L—-@&yﬁ:‘rut\_ == /T M

2. estimate = p df = oo

-

e The t-test statistic, to:
v tells us how many standard errors the estimate is away from the

hypothesised value.
<L)

v' is calculated using: |,

_ estimate — hypothesised value
std error

v is positive, if the estimate is above the hypothesised value.

v is negative, if the estimate is below the hypothesised value.

v is a measure of.difference/distance/discrepancy between the
estimate and the hypothesised value in terms of standard errors.
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robakility of observing a test statistic as extreme as
ore so, glven that the null hypothesis, Ho, is true.

sampling variation would producé :
from the hypothesised value than the estimate we obtained from our data,

given that the null hypothesis is true.

fleasures the strength of evidence against Ho.

v is calculated using the t-test statistic and the appropriate Student’s
t-distribution for the t-test.

In the exam situation, the P-value will be provided.

P-value =~ area

Alternative hypothesis of shaded region

Hi paramete@ypothesised value
(2-Sided) 2-tailed test

Hi: paramete@nypothesised value 4
(I=stded) 1-tailed fest

Hi: parameter’ < hypothesised value A
( ed) 1-tailed test

Student(df) or Re-randomisation distribution

pical generic exam question about P-values:
Q. Whic @: the following statements about a P-value is
A P-value measures the strength of evidence against the null

o oA
hypothesis.

’r (2) A relatively large test statistic resultssin a relatively small P-value.

A.-gnn_- tati ]
: he null hypothe5|s

were trge
"‘ (4) AP- value\\& nothing about th' of an effect or difference.

@ The I-a-sgar a P-value, the stronger the evidence against the null
hypothesis.
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Step 7

e The P-value measures the strength of evidence against the null hypothesis,
Ho. We interpret the P-value as a description of the strength of evidence
against the null hypothesis, Ho. The smaller the P-value, the stronger
the evidence against Ho:

Paalife Evidence
against Ho
> 0.10 None

Strong

Very Strong

¢ An alternative approach often found in research articles and news items is to
describe the test result as (statistically) significant or not significant. A test
result is said to be significant when the P-value is “small enough”; usually

people say a P-value is “small enough” if it is less than 0.05 (5%):
Gesting at a 5% level of significance:

P-value | Test result Action /
< 0.05 | Significant Reject Ho in favour of Hi » 049
| 0.05 | Nonsignificant | Do not reject Ho 051

Testing can be done at any level of significance; 1% is common but 5% is
what most researchers use.

The level of significance can be thought of as a false alarm error rate, i.e. it
is the proportion of times that the null hypothesis will be rejected when it is
actually true (which can result in action being taken when really no action

should be taken).

Thus, a statistically significant result means that a study has produced a
“small” P-value (usually < 5%).
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Normality-based (Chapter 6) Confidence Interval:

Step 8 |

-
The t-multiplier is based on: 5\@_\?\,\,

o Whether we are investigating means or proportions
e The desired level of confidence C\f/\
e The degrees of freedom:

Estimate Degrees of Freedom

——Bstimate = X

Typical generic exam question about confidence intervals:

Q Whicof the following statemeats..about a Normality-based
confidence interval for a parameter n@

‘T" (1) Large samples tend to yield narrower 95% confidence intervals than
small samples.

(2) In the long run, if we repeatedly take samples and calculate a 95%
l confidence interval from each sample, we expect that 95% of th(
intervals will contain the true value of p.

N

sample and calculate a 90% confidence interval, there is a 909

T (3) If I plan to do a study in the future in which I will take a random
chance that I will catch the true value of p in my interval.

estimate p, about 95% of them will catch the true value of p in thei

95% confidence intervals.
The process of using a population parameter to construct an interval
Yexample ofstatistical inference.

T (4) If a large number of researchers independently perform studies to

for the data estimate,i
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Step 9

A confidence interval gives a range of plausible values for the parameter
of interest that is consistent with the data (at the specified level of
confidence). It determines the size of the ﬁect or difference.

You can do all kind of CI's, 90%, 95%, 99%...

Increasing the confidence level will increase the width of the interval.

Increasing the sam[jle size will make the confidence interval more precise.
T e, e e TN

/80%)\ CI, x4 1.282}se(x)
90% |CI, x4 1.645/se(x)

®= 95%} Cl,

\ 990// CL_x#2. .
N4

Figure 8.1.3 The greater the confidence level, the wider the interval

1
L}

From Chance Enconnfers by C.J. Wild and G.AF. Seber, © John Wiley & Sons, 2000.

T ble the precision of the confidence interval we need 4 times as many
observations. \a\ve )‘.\ e d\r

To triple the precision of the confidence interval we need 9 times as many

observations. —— ‘\'\I\‘\V’& M w*\ ()\:E_\::_

959% confidence interval

v Range of plausible values for the parameter of interest that contains the
true value of our parameter of interest for 95% of samples taken.

v 5% of samples taken will not have the parameter within the calculated
confidence interval.

v We do not know if the sample we have taken is one of the 95% that
contains the true unknown parameter. All we can say is that 95% of the
time it will.
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v If you take 1000 samples, based on the same sampling protocol, then you
can expect approximately 950 of these samples will contain the true value
(e.g. true mean, true difference between means) of the population.

True mean W
24.83 Coverage

Sample L 1 : ! | to date

Ist — o o @0 oo'lo o 100%
2nd  — mg'o—g—o' & B 100%
3rd — o 0o @ @& o o o o 100%
4th  — o oo o'o; ' 50 o 100%
5th — o o F% o oo o 100%

1
6th — o omo5 o 00 100%
Tth  — oo oo o':i 5o o o o 100%
8th — o 0 ® a® o oo 100%
9th — ooio o0 @ o o 88.9%
10th - o o o ow@ o o o 90.0%
.......... !
100th — T ' . 56'c OB 94.0%
500th — G & B T 96.0%
501st — fe) :o OT fe) fe) :o @ 06.0%
502nd — o o "o o @ ' oo 96.0%
.......... 1 sssessenss
991st — o 6T 5 o 5 oo o 952%
992nd — fe) 0O O o) o(IP 0o 00 [o] 95.2%
993rd — fe) fes) 0O O O O o 95.2%
994th — o o como O O o 95.2%
995th — & o 00550 ' a6 95.2%
996th — 0 o 0 @ 00 (a0 le) 95.2%
997th — om I o oi 00 @ 95.2%
998th — 5 8 a7 oo.T ooo & o 95.2%
999th — o o : oo@m O 1o) 95.2¢
1000th — 00 o0 O B oo 95.2%
I T ] ) 1 1 1
24.82 24.83 24.84
True mean
Figure 8.1.2 Samples of size 10 from a Normal(x=24.83, s=.005)
distribution and their 95% confidence intervals for ..
From Chance Encounters by C.J. Wild and G.AF. Seber, © John Wiley & Sons, 1999,
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Interpreting the CI limits - Step 9 for story type 4:

e CIs for the difference between two proportions:
Examples:

v 1If the CI contains 0 (i.e. one negative and one positive number), (-.05,.03)
there may be no difference between the two proportions. ?‘ - ‘,_

v If Cl is positive, then p1 is higher/larger than p2. ?‘ > (.03, .05)

?\ " ? " (-.05, -.03)

v If CI is negative, then p1 is lower/smaller than pa.

Practical significance versus Statistical significanc?‘

You may find it useful to use Anna Fergu
both statistical and practical significance:

J = H e
www.tinyURL.com/ stats-sig

Statistical significance
e Relates to the P-value.

o A small P-value provides evidence of the existence of an effect or
difference.

e TO b tatistically significant at the 5% level, the P-value must be
W0.0S (5%).

Practical significance
« Relates to the size of an effect or difference.

e Determined by examining th confidence interval i) relation to the
context of the question/s (i.e. %hﬁf_e OW—‘.
"__-__———*‘_"'—_

P I

For example: Left-handed New Zealanders: o p=0.1
vs Hi: p > 0.1

[ \\\

A

17 1T 1 | I/P T o} . _ 0!
war g Ow | | [ om0
prac.sig.? Y/ N | "J . prac. sig. E 2N

(0.101,0.169) [0.151,0.199]
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| The link between the P-value and the confidence interval |

Recall that a confidence interval for a parameter gives a range of plausible
(believable) values for the unknown true parameter value.

If a 2-tailed test has a P-value less than 5% then the test is significant at the
5% level of significance and the pothesised value is not plausible (not
believable) and it st @ be in the 95% confidence interval.
Conversely, if the hypothesised value is not in the 95% confidence interval it is

not a plausible value and so the test is significant at the 5% level of significance
and the P-value will @ ~gpeeeres—tian 5%.

If a 2-tailed test has a P-value greater than 5% then the test is not significant
at the 5% level of significance and the hypothesised value is plausible (is
believable) and so it : rat be in the 95% confidence interval.
Conversely, if the hypothesised value is in the 95% confidence interval it is a
plausible value and so HO will be not rejected at the 5% level and the P-value

will beless=tizn @Oﬁn

Note: The same relationship applies to 90% confidence intervals and P-values
less than 10% (tests at the 10% level of significance), or 99% confidence
intervals and P-values less than 1% (tests at the 1% level).

Student’s t-distribution (background understanding)

v' The parameter is the degrees of freedom, df.

v" Smooth symmetric, bell-shaped curve centred at 0 like the Standard
Normal distribution [Z ~ Normal (z = 0, o0 = 1)] but it's more variable (it's
more spread out).

"= on

[i.e., Normal(0,1)]

v' As df becomes larger, the Student (df) distribution becomes more and
more like the Standard Normal distribution.

v Student’s t-distribution (df = o) and Normal (0,1) are the same
distribution.
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