Statistics 111 - Lecture 17

Introduction to Inference

More on Hypothesis Tests
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Administrative Notes

¥ Recitation tomorrow: no quiz but midterm will
be handed back

¥ Homework 5 now posted on website and will
be due in recitation on Friday, March 28
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Outline

¥ Review of Confidence Intervals
¥ Review of Hypothesis Tests

¥ Tests versus confidence intervals
¥ More Examples

¥ Cautions about Hypothesis Tests
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Review: Confidence Intervals

¥ We used the sample mean X as our best
estimate of the population mean u, but we
realized that our sample mean will vary
between different samples

¥ Our solution was to use our sample mean
as the center of an entire confidence
interval of likely values for our population
mean [
¥ 95% confidence intervals are most common, but

we can calculate an interval for any desired level
of confidence
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Review: Hypothesis Testing
¥  We want to see whether our data confirm a specific
hypothesis
¥  Example: NYC Blackout Baby Boom
¥ Datais births per day from two weeks in August 1966
X =433.6 s=39.4 n=14
¥  Test against usual birth rate in NYC (430 births/day)

1. Formulate your hypotheses
¥  Need a Null Hypothesis and an Alternative Hypothesis
2. Calculate the test statistic

¥  Test statistic summarizes the difference between data and
your null hypothesis

3. Find the p-value for the test statistic
¥  How probable is your data if the null hypothesis is true?
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Null and Alternative Hypotheses

¥ Null Hypothesis (H):
¥ no effect or no change in the population
¥ Alternative hypothesis (H,):
¥ real difference or real change in the population

¥ If there is a large discrepancy between data and null
hypothesis, then we will reject the null hypothesis

¥ NYC dataset: u = mean birth rate in Aug. 1966
¥ Null hypothesis is that blackout has no effect on birth rate, so
August 1966 should be the same as any other month
¥ Hy: u =430 (usual birth rate for NYC)
¥ H, pu! 430
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Test Statistic

¥ The test statistic measures the difference between
the observed data and the null hypothesis

OHow many standard deviations is our observed
sample value from the hypothesized value?0O

_ X- Ho
T
¥ For our birth rate dataset, the observed sample mean
is 433.6 and our hypothesized mean is 430
_ Y—uo _ 433.6#430
T mn T 39.4/414

¥ Assume population variance o = sample variance s

=0.342
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p-value

¥ p-value is the probability that we observed such an
extreme sample value if our null hypothesis is true

¥ If null hypothesis is true, then test statistic T follows a standard
normal distribution

prob = o_mb =0.367

T=-0.342 T=0.342

¥ If our alternative hypothesis was one-sided
(H4:u > 430), then our p-value would be 0.367

¥ Since are alternative hypothesis was two-sided our p-
value is the sum of both tail probabilities (0.734)
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Statistical Significance

¥ |s test statistic T=0.342 statistically significant?
¥ If the p-value is smaller than ", we say the difference
is statistically significant at level "
¥ The " -level is also used as a threshold for rejecting
the null hypothesis (most common " = 0.05)
¥ If the p-value <", we reject the null hypothesis that there is
no change or difference
¥ The p-value = 0.734 for the NYC data, so we can not
reject the null hypothesis at " -level of 0.05
¥ Difference between null hypothesis and our data is
not statistically significant
¥ Data do not support the idea that there was a different birth
rate than usual for the first two weeks of August, 1966
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Tests and Intervals

¥ There is a close connection between confidence
intervals and two-sided hypothesis tests

¥ 100!C % confidence interval is contains likely values
for a population parameter, like the pop. mean u
¥ Interval is centered around sample mean X
¥ Width of interval is a multiple of SD(X) —K/;

¥ A" -level hypothesis test rejects the null hypothesis
that u = uj if the test statistic T has a p-value less
than " <

ro Xt
"/An
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Tests and Intervals

¥ If our confidence level C is equal to 1 -" where " is
the level of the hypothesis test, then we have the
following connection between tests and intervals:

A two-sided hypothesis test  rejects the null
hypothesis ( @ =) if our hypothesized value  p,
falls outside the confidence interval for u

¥ So, if we have already calculated a confidence interval
for u, then we can test any hypothesized value g, just
by whether or not s in the interval!
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Example: NYC blackout baby boom
¥ Births per day from two weeks in August 1966
X=4336 s=394 n=14

¥ Difference between our sample mean and the
population mean u,= 430 had a p-value of 0.734, so
we did not reject the null hypothesis at " -level of 0.05

¥ We could have also calculated a 100!(1-") % = 95 %
confidence interval:

%, .8 <. ..$(% 39.4 39.4(

KT HL | K+Z #t=14336' LOGH T | 433.6+196H

& Vn Yn) & 14 +14)
=(413.0, 454.3

¥ Since our hypothesized u, = 430 is within our interval
of likely values, we do not reject the null hypothesis.

¥ If hypothesis was u, = 410, then we would reject it!
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Another Example: Calcium in the Diet

¥ Calcium most abundant element in body, and one of
the most important. Recommended daily allowance
(RDA) for adults is 850 mg/day

¥ Random sample of 18 people below poverty level:
X =747.4 m
n=18

¥ Does the data support claim that people below the
poverty level have a different calcium intake from
RDA?

March 20, 2008 Stat 111 - Lecture 17 - Testing 2 13

Hypothesis Test for Calcium

¥ Let u be the mean calcium intake for people below the
poverty line

¥ Null hypothesis is that calcium intake for people below
poverty line is not different from RDA: u, = 850 mg/day
¥ Two-sided alternative hypothesis: u,! 850 mg/day

¥ To calculate test statistic, we need to know the
population standard deviation of daily calcium intake.
¥ From previous study, we know " = 188 mg

_ X-ly _ 747#850 _ 32

= = [BIFON .
" /n " 188//18

¥ Need p-value: if uy = 850, what is the probability we get
a sample mean as extreme (or more) than 747 ?
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p-value for Calcium

¥ We have two-sided alternative, so p-value includes
standard normal probabilities on both sides:

T=-232 T=232

¥ Looking up probability in table, we see that the two-
sided p-value is 0.010+0.010 = 0.02

¥ Since the p-value is less than 0.05, we can reject the
null hypothesis

¥ Conclusion: people below the poverty line have significantly
(at a " =0.05 level) lower calcium intake than the RDA
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Confidence Interval for Calcium

¥ Alternatively, we calculate a confidence interval for
the calcium intake of people below poverty line

¥ Use confidence level 100!C = 100!(1-" ) = 95%
¥ 95% confidence level means critical value Z'=1.96

%ow 8 .S (N 188 188

XU ZH X+ZHr=CrAT 196 — | TAT+1.96H —

& " in V) & V18 V18)
=(660.1, 8339

¥ Since our hypothesized value u,= 850 mg is not in
the 95% confidence interval, we can reject that
hypothesis right away!
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Cautions about Hypothesis Tests

¥ Statistical significance does not necessarily mean
real significance
¥ If sample size is large, even very small differences can have
a low p-value
¥ Lack of significance does not necessarily mean that
the null hypothesis is true
¥ If sample size is small, there could be a real difference, but
we are not able to detect it
¥ Many assumptions went into our hypothesis tests

¥ Presence of outliers, low sample sizes, etc. make our
assumptions less realistic

¥ We will try to address some of these problems next class
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Next Class - Lecture 18

¥ Inference for Population Means

¥ Moore and McCabe: Section 7.1
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