Confidence Intervals

CONFIDENCE INTERVALS
V' / RE COMING

HYLELOOM

Confidence Intervals

* One sample mean—> one point estimate:
unlikely to be exactly correct

* To be correct with more certainty = use
interval estimates (R
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Anatomy of a Confidence Interval
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Confidence interval = associated with a certain
level of confidence

95% confidence interval: We are 95% sure that
mean is in that interval, but there is a 5% chance
that we are making an error

We use alpha (a) to refer to this probability of
error

To be 100% sure, we would need an infinitely
large confidence interval --in theory, all
estimates are possible, but some are extremely
unlikely




Using CLT for Confidence Intervals

Based on CLT, sampling distribution is normal

For 95% of all samples, a sample mean will be
within 2 SE from the population mean

09% Confidence

95% Confidence

00% Confidence

2.576
1.960
-1.645 4
1.645
1.960
2.576

7T 3 stribution of X This interval misses the true |

-
—_e
—_——ee
— e e
- — —
—_—
— ety
— o S
L

-
e el B ’
- - ———e
Ry LA —
P
P —
-
— — —




Typical Confidence Levels
* 95% confidence interval: z-score=+/-1.96
(within +/- 2 SE from the mean)
* 99% confidence interval: z-score=+/-2.576
* 90% confidence interval: z-score=+/-1.645

1-a=.95
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A 95% confidence interval indicates that 19 cut of 20 samples
(95%) from the same populaticn will preduce confidence
intervals that centain the population parameter.

https://seeing-theory.brown.edu/frequentist-
inference/index.html

https://rpsychologist.com/d3/Cl/

Confidence Intervals for
Means of Large Samples (n>30)

1. Pick the desired level of confidence (e.g., 90%,
95%, 99%)

2. Divide the confidence level by 2, use that
number as area value to enter Table B1 = find
the corresponding z score

3. Calculate the two confidence interval limits,
X;and X,: X * z*csi, whereo = °/,

4. Set the interval: Probability(X; < p <X,)=.95
(or .99, or .90, depending on the selected
confidence level)




Example

Problem: Assume you want to have a 95% confidence
interval for the mean. You take a random sample of n =
49, and get a sample mean X = 110 and standard
deviations=14

1. Set level of confidence at CL = 95%

2. We want the middle 95% of the area under the curve.
Half of it will be in the positive half of the curve - 95/2
= 47.50. Enter Table B1 with 47.50 = z=1.96

3. Calculate the two confidence interval limits: X + zo- =
110+ 1.96* (14/\/49) =110+3.92 > X,=106.08 and
X,=113.92.

4. Answer: Probability(106.08 < u < 113.92) = .95

In Words

* Probability(106.08 < <113.92) =.95

* Based on our sample data, we are 95%
confident that the “true” mean of this variable
(i.e., population mean) is between 106.08 and
113.92.

* Alternatively: There is a 95% chance that the
population mean is between 106.08 and
113.92.




Confidence Intervals:
Small vs. Large Samples

* For large samples: based on normal curve

* For small samples (n < 30) — based on
Student’s t-distribution

Student’s t Distribution

* DF = degrees of freedom = n-1

Student's t Distribution
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Table B2 (in Salkind)

For confidence interval: only use the two-tailed
test part

Degrees of freedom, df=n—-1

Use probability of error (alpha) rather than
confidence level itself

To get alpha: use the confidence level as
proportion rather than percentage (e.g., .95
rather than 95) and subtract it from 1 (1-.95 =
.05)

Use the column for this alpha and the row with
appropriate df - t-value

Confidence Intervals for
Means of Small Samples (n<30)

. Pick the desired level of confidence (e.g., 90%,
95%, 99%)

. Using the two-tailed test part of Table B2, find
the t-value for the alpha level corresponding to
your confidence level (1-CL/100) and your
degrees of freedom (df=n-1)

. Calculate the two confidence interval limits, X,
and X,: Xt t*c_, wherec_= 5/\/
X X n

. Set the interval: Probability(X; < p <X,)=.95 (or
.99, or .90, depending on the selected
confidence level)




Example

Problem: Assume you want to get a 95% confidence
interval for the mean. You take a random sample of n=25
and get a sample standard deviation of s=10 and a sample
mean of X =70.

1. Set CL at .95.

2. Obtain t. In Table B2, we look at the column in the two-
tailed part of the table that corresponds to .05, since 1-
.95=.05. We read down the column marked as .05 to the
row with the degrees of freedom equal to 25-1 = 24. The
entry is t=2.064.

3. Calculate the two confidence interval limits: X + t*s/\/n

=70 % 2.064*(10/\/25) =70+ 4.128 - X1=65.872 and
X2=74.128.

4. Answer: Probability (65.872 < 1 <74.128) = .95

Confidence Intervals in Stata

mean age
Mean estimation Number of obs = 1969
| Mean Std. Err. [95% Conf. Interval]
_____________ o
age | 48.1935 .3985971 47.41178 48.97522

Answer: Probability (47.41178 < u <48.97522) = .95

Based on our sample data, we are 95% confident
that the “true” mean of age among Americans is
between 47.41 and 48.98 years old.




Changing Confidence Level

mean age, level (99)

Mean estimation

Answer: Probability (47.16578 < 1 <49.22121) = .99

Based on our sample data, we are 99% confident that the
“true” mean of age among Americans is between 47.17

and 49.22 years old.

What Makes a Confidence Interval
Wider?

* Higher confidence level selected } ]
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What Makes a Confidence Interval
Wider?

* Higher confidence level selected } ]

90 95 99
Confidence interval level

TAKING A LOOK AT THE HiGH TEMPERATURE
TOMORROW'S WEATHER... WiLL BE BETwEfNNqu

i BELOW ZERO

200 ABOVE f

What Makes a Confidence Interval
Wider?

* Higher confidence level selected } ]

I NEVER CONSTRUCT
CONFIDENGE INTERVALS

90 95 99
Confidence interval level

BUT WHEN | DO, I MAKE THEM AS WIDE AS
POSSIBLE

makeameme.or,
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What Makes a Confidence Interval
Wider?

* Higher confidence level selected
* Smaller sample size

150- 1 -
. 950/0 CI .: 950/0 CI LTIV 95“/0 Cl
* *
* *
b Y ®
50+ N=5 - N=10 =] N=150
0

Yes, there's safety in numbers, but only when
the number is large: Right now, we have only
a 50% chance of surviving a deadly attack...




What Makes a Confidence Interval
Wider?
* Higher confidence level selected
* Smaller sample size

* Less homogenous population

Homogenous Heterogenous
population:

BUT THEY WERE SELECTED RANDOMLY

/

What Makes a Confidence Interval
Wider?

* |Higher confidence level selected (larger z)
* [Smaller sample size (larger n)I/
* |Less homrregenous populatiory (larger s)|

C’I::I;ﬂ:zi

B

C'I = confidence interval S8 = sample standard deviation

I =sample mean N =sample size

Z = confidence level value
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— NOT SURE WHAT'A
CONFIDENGE INTERVALTS

_I'IIIN'I' IM lll:lllllll'f'l'll_ IISI('

14



