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Interactive website session

https://academo.org/demos/gaussian-distribution/
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Standard normal distribution
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Numerical Values

* In practical work with normal distribution it is good to remember that about 2/3
of all the values of X’ to be observed will lie between u + G, about 95 % between
U * 2o, and practically all between the three sigma limits u + 3¢

* P(M-0<X<u+0)=68%
* P(M-20<Xsu+20)=95.4%
* P(M-30<X<su+30)=99.7%

* P(M-1.960< X<+ 1.960) = 95%
* P(M-2.580< X< u+2.580) =99%
* P(M-3.290 < XS+ 3.290) = 99.9%



Example: z-score of an exam mark

* In BAS-107 (Applied Physics), the class mean is 70 marks with o = 10. A student scores 85.
z=(85-70)/10=1.5

* From the z-table, P(Z <£1.5) =0.9332 — she has scored better than about 93% of the class.
* Only about 7% of students scored higher. What would z = -1.5 mean?



Central Limit Theorem
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The Central Limit Theorem states that the
sampling distribution of the sample means
approaches a normal distribution as the sample
size gets larger — no matter what the shape of
the population distribution.
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CLT in the laboratory

e A single reading of a laser’s output power fluctuates — individual readings need not follow any
nice distribution.

» By the CLT, the average of n readings is approximately normal, with standard deviation o/vn.
Averaging 25 readings shrinks the spread by a factor of 5.

* This is exactly why we repeat and average measurements in the lab — and why error bars
shrink slowly: quadrupling the readings only halves the error.



Most projectors offer about 2000 hours of
lamp life.

1. Write the above in the form of a hypothesis.
2. Null Hypothesis.

3. Alternate Hypothesis.

4. One tailed test.

5. Two tailed test.
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Difference between alpha level and p-value

Alpha sets the standard for how extreme the data must be before we can reject
the null hypothesis.

The p-value indicates how extreme the data are.

We compare the p-value with the alpha to determine whether the observed data
are statistically significantly different from the null hypothesis.



Standard Normal Cumulative Probability Table

Cumulative probabilities for NEGATIVE z-values are shown in the following table:
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One tailed and two tailed tests

* If testing for whether the coin is biased towards heads, a one-tailed
test would be used — only large numbers of heads would be
significant.

 However, if testing for whether the coin is biased towards heads or
tails, a two-tailed test would be used.



More examples

To figure out if a certain medication can lower the systolic blood
pressure.

There’s no difference in the mean blood pressure for people that take
the placebo compared to people that take the medication.



One and Two tailed tests

A light bulb manufacturer claims that its’ energy-saving light bulbs
last an average of 60 days. Set up a hypothesis test to check this claim
and comment on what sort of test we need to use

* Ho : The mean lifetime of an energy-saving light bulb is 60 days.

* H1: The mean lifetime of an energy-saving light bulb is not 60 days.
(two-tailed)

* H1 : The mean lifetime of an energy-saving light bulb is less than 60
days. (one-tailed)



Over the years this average has increased or
not

*Hy:p < p
*Hi:pu > p

* We reject the Hy in the favour of H4



Example (10.1 p187)

e A survey, done 10 years ago, of CPA’s found that their average
salary was $74,914/-. An accounting researcher would like to test
whether over the years this average has increased or not? A sample
of 112 CPAs produced a mean salary of $78,695. Also given that the
population standard deviation ¢ = 5$14,530.




Z =2.7539

2.7539
1.645
a=0.05



* Computed value > critical value at 5% level of significance, we
conclude that the average salary of CPA has increased.

* Ho: U = Uo

* Since the computed z (2.7539) exceeds the critical value (1.645 at a =
0.05), we reject the null hypothesis that the salary has remained the
same.



Interval Estimation

Let O be the unknown parameter and let T be the unbiased point
estimate E(T)=0

Now, fix a desired level of confidence denoted as

(1-o) x 100 % . Here ‘o is the probability of type —I errors.
Usually , confidence level is fixed as 90%, 95 %, or 99%.

Thus, for 95 % confidence level o = 0.05.

The interval estimate of 0 is T-h, T+h

PT—-h<O0<T+h)=1—-a«



Parametric and non-parametric tests

* If the information about the population is completely known by
means of its parameters, the statistical test is called a parametric test

e Eg: t-test, f-test, z-test, ANOVA

* If there is no knowledge about the population or its parameters, but
we still need to test a hypothesis about the population, it is called a

non-parametric test.
* Eg: Mann—Whitney, Wilcoxon rank-sum
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