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1 Describing one-variable data— Part 1

Name: Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
mean SEIEL
median SEVIVE e

standard deviation FpifEZ

Recall
You have worked with data before:

« You have found the average (mean) of a set of numbers.
e You have drawn bar charts and other graphs.
e Some data sets are more spread out than others.

This sheet lines up how to describe one set of data. Each idea has a worked example.

New ideas

B ] The center
Two measures of the "middle” of data:

 the mean “F#J%{-the average (add up, divide by how many),
o the median H1{ii%{-the middle value when the data are in order.

2+4+44+64+9

Worked example. For 2,4,4,6,9: mean = 3 = 5; median = 4 (the

middle one).

B 2 The spread
How spread out the data are: the range (largest minus smallest) and the standard

deviation FRUEZE (a typical distance from the mean).
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B 3 The shape

Data can be symmetric (even on both sides) or skewed (a long tail one way).

Symmetric Skewed right Skewed left

B 4 Pictures of data

A histogram shows the shape; a box plot shows the median and spread at a glance.
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Watch out: the mean is pulled toward outliers (extreme values), but the median
is not. For very skewed data (like incomes), the median often describes the "typical”
value better.

Practice

Try these in order. The methods are all above.

2.1 State the difference between the mean and the median. 2]
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2.2 Find the mean of 3,5,7,9,11. 2]

2.3 Find the median of 3,5,7,9,11. 1]
2.4 Find the range of 3,5,7,9,11. 1]

2.5 A data set has one very large outlier. State whether the mean or the median is more
affected by it, and why. [2]
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1 The normal distribution — Part 2

Name: - Class: . Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English I:Pi Write it 3 times (English)
normal  distribu- 1IES 1

tion

Recall

In Part A you described data’s center, spread, and shape. Now one very common shape:

o Many things (heights, test scores) pile up in a ”bell” shape.
o Most values are near the middle, with fewer far out.

Each idea has a worked example before the Practice.
New ideas

B ] The normal distribution

A normal distribution 175431 is the classic bell curve —symmetric, with most
data near the mean and less as you move away.
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B e

B 2 The empirical rule

For a normal distribution, the empirical rule (the 68-95-99.7 rule) says:
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« about 68% of values lie within 1 standard deviation of the mean,
o about 95% within 2 standard deviations,
o about 99.7% within 3.

B 3 Using the rule

Worked example. Test scores are normal with mean 100 and standard deviation 10.
Then about 95% of scores lie between 100 — 2(10) = 80 and 100 + 2(10) = 120.

B 4 Why it matters
The bell curve appears so often that these percentages let you quickly judge how
unusual a value is.

Watch out: the 68-95-99.7 rule only applies to a normal (bell-shaped) distribution.
For skewed data it does not hold —always check the shape first.

Practice
Try these in order. The methods are all above.

2.1 Describe the shape of a normal distribution. 2]

w

2.2 State the three percentages of the empirical rule. E

2.3 Heights are normal with mean 170 cm and standard deviation 8 cm. State the range
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that holds about 68% of people.

2.4 For the same heights, state the range that holds about 95%.

2.5 State when the empirical rule does not apply.
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2 Scatterplots and correlation — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
scatterplot S A
Correlation EBS

Recall

Often two things are linked:

o Taller people tend to weigh more.
o More study hours tend to mean higher marks.
e You can plot pairs of values to see a pattern.

This sheet lines up how to explore two variables together. FEach idea has a worked
example.

New ideas

B 1 Scatterplots

A scatterplot 5[l plots each pair of values as a dot, so you can see any pattern
between the two variables.

B 2 Correlation

Correlation % describes the direction of a linear pattern:
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positive

negative

B 3 Strength

B 4 A caution

Practice

e none —no clear pattern.

e positive —as one rises, so does the other,
e negative —as one rises, the other falls,

Try these in order. The methods are all above.

2.1 State what a scatterplot shows.

2.2 State what positive and negative correlation each mean.

2.3 State what a correlation coefficient near +1 tells you.

AP Statistics ¢ Holiday Homework

(12)

The correlation coefficient » measures how strong and which way the pattern is: near
+1 is a strong positive line, near —1 a strong negative one, near 0 no linear link.

Worked example. Ice-cream sales and drownings both rise in summer —they are cor-
related, but neither causes the other. A third factor (hot weather) drives both.

Watch out: correlation is not causation. Two things rising together does not
mean one causes the other —a hidden third factor may cause both.

2 Scatterplots and correlation — Part 1



2.4 State what a correlation coefficient near 0 tells you. 1]

2.5 Ice-cream sales and sunburns are correlated. Explain why this does not mean ice
cream causes sunburn. [2]
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2 The line of best fit — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
line of best fit EIEES

Recall

In Part A you saw scatterplots and correlation. Now summarize the pattern with a line:

o A straight line can capture the trend in a scatterplot.
e That line lets you make predictions.

Each idea has a worked example before the Practice.

New ideas

B ] The line of best fit

The line of best fit [A]JH4k (also called the regression line) is the straight line that
best follows the trend of the points.
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B 2 Reading the line

The line has the form § = a + bx. The slope b says how much y changes for each 1
unit of x; the intercept a is the predicted y when x = 0.

B 3 Making predictions

Worked ezample. If j = 50+ bx predicts a test score from hours studied, then 3 hours
predicts g = 50 4 5(3) = 65.

B 4 Residuals

A residual is the gap between an actual value and the line’s prediction (actual minus

predicted). Small residuals mean the line fits well.

Watch out: avoid extrapolating —predicting far outside the range of your data.
The pattern may not continue, so a line that fits well for 1-5 study hours may give
nonsense for 20 hours.

Practice

Try these in order. The methods are all above.

2.1 State what the line of best fit does. 2]

2.2 For § = 50 + bz, state what the slope 5 means. 2]
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2.3 Using y = 50 + 5z, predict y when x = 4.

2.4 State what a residual is.

2.5 Explain why predicting far outside the data range is risky.
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3 Sampling — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
population J=XVN
sample FEAS

random sample FE AL A

Bias lrE=

Recall
To learn about a big group, you cannot ask everyone:

o To find the average height of a country, you cannot measure every person.
o Instead you measure a smaller group and use it to estimate.
o But the smaller group must be chosen fairly.

This sheet lines up how to collect data by sampling. Each idea has a worked example.
New ideas

B ] Population and sample

The population {4 is the whole group you want to study; a sample f£74 is the
smaller part you actually measure.
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simple random stratified cluster systematic (every 5th)

B 2 Random sampling

A random sample BEHHEE gives everyone an equal chance of being chosen. This
keeps the sample fair and representative.

B 3 Bias

Bias {2 is anything that makes a sample unrepresentative —for example, only
surveying people online misses those without internet.

B 4 A worked example
Worked example. To learn students’ opinions, surveying only the football team is
biased (not representative); drawing names randomly from the whole school is fair.

Watch out: a biased sample leads to wrong conclusions no matter how large it is.
A huge but unfair sample is worse than a smaller, properly random one.

Practice

Try these in order. The methods are all above.

2.1 State the difference between a population and a sample. 2]
2.2 State what makes a sample "random”. 2]
2.3 State what "bias” means in sampling. 2]

2.4 A survey about a town is done only outside a gym. Explain why this could be
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biased. 2]

2.5 State whether a large but biased sample or a smaller random sample is more trust-
worthy, and why:. 2]
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3 Experiments — Part 2

Name: — Class: — Date:

Vocabulary aJL.

Write each word three times. &R BAEPE =1,

English E:3'd Write it 3 times (English)
experiment SLIG
control group X B2

randomization LA

Recall

In Part A you met sampling. Now how to test whether something actually causes an
effect:

e Does a new medicine really work?
o Just observing is not enough —you need a fair test.

Each idea has a worked example before the Practice.
New ideas

B ] Experiment versus observation
« An observational study just watches and records, without changing anything.
o An experiment 25 deliberately applies a treatment to see its effect.
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treatment group (30)
new drug

random compare

60 subjects assignment responses

control group (30)
placebo

B 2 Control and treatment groups

An experiment compares a treatment group (gets the new thing) with a control
group XfHH4H (does not) —so any difference can be linked to the treatment.

B 3 Randomization

Subjects are put into groups by randomization [ffit/l.f., so the two groups are similar
to begin with and the comparison is fair.

B 4 Only experiments show causation

Worked example. To test a medicine, randomly split patients: half get the drug, half
get a placebo. Because the groups start alike, a difference in recovery can be blamed
on the drug.

Watch out: only a well-designed experiment can show causation. An observa-
tional study can find a link (correlation) but cannot prove that one thing causes
another.

Practice

Try these in order. The methods are all above.

2.1 State the difference between an observational study and an experiment. 2]
2.2 State the roles of the treatment group and the control group. 2]
2.3 State why subjects are randomly assigned to groups. 2]

AP Statistics ¢ Holiday Homework —3 Experiments — Part 2
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2.4 State which kind of study can show that one thing causes another.

2.5 Explain why a control group is needed to judge a new medicine.

AP Statistics ¢ Holiday Homework —3 Experiments — Part 2
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4 Basic probability — Part

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
Probability il
Recall

You have a sense of chance already:

e A coin lands heads about half the time.
o A rolled die is equally likely to show 1 to 6.
« Some events are more likely than others.

This sheet lines up the basics of probability. Each idea has a worked example.

New ideas

B 1 The probability scale

Probability #f measures how likely an event is, from 0 (impossible) to 1 (certain).

B 2 Equally likely outcomes

When outcomes are equally likely,

favourable outcomes

P(event) =
( ) total outcomes
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0 4 2 4 1
1 1 1 1 1
I Ll Ll Ll 1
impossible unlikely even chance likely certain
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B 3 Complement

1— P(A).
Worked example. If P(rain) = 0.3, then P(no rain) =1 — 0.3 =0.7.

B 4 Combining events

is the product of their chances.

above 1 or below 0 is a sure sign of a mistake.

Practice

Try these in order. The methods are all above.

2.1 State what a probability of 0 and of 1 each mean.

2.2 A die is rolled. Find the probability of rolling a 5.

2.3 Find the probability of rolling an odd number on a die.

2.4 If P(win) = 0.4, find P(not win).

AP Statistics ¢ Holiday Homework —4 Basic probability — Part 1
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For two independent events (one does not affect the other), the chance both happen
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2.5 State the range that any probability must lie in.
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4 Random variables and distributions
— Part

Name: - Class: - Date:

Recall
In Part A you found probabilities of single events. Now handle chance that varies:

o A number that depends on chance (like a dice total) is a random variable.
o Its possible values each have a probability.

Each idea has a worked example before the Practice.

New ideas

B ] Random variables

A random variable is a number whose value depends on chance —like the number
of heads in 3 coin flips.

B 2 Probability distributions

A probability distribution lists each possible value and its probability. All the
probabilities add up to 1.
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mean =np =3

0.25 A

0.20 A

0.05 A

0 1 2 3 4 5 6 7 8 9 10
number of successes r

B 3 Expected value

The expected value (mean) is the long-run average: multiply each value by its
probability and add.

Worked example. A game pays $0 with probability 0.5 and $10 with probability 0.5:
expected value = 0(0.5) + 10(0.5) = $5.

B 4 Tree diagrams

A tree diagram maps out the outcomes of several stages, so you can multiply prob-
abilities along the branches.

1st draw 2nd draw

®B)= 4
B R =4
B =%

Watch out: in any probability distribution, all the probabilities must add up to
exactly 1. If your listed probabilities do not sum to 1, something is missing or wrong.

AP Statistics ¢ Holiday Homework —4 Random variables and distributions — Part 2
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Practice

Try these in order. The methods are all above.

2.1 State what a random variable is. 2]

2.2 State what all the probabilities in a distribution must add up to. 1]

2.3 A prize is $0 with probability 0.8 and $20 with probability 0.2. Find the expected
value. 3]

9

2.4 A distribution lists probabilities 0.3, 0.3, and 0.3. State why something must be
wrong. 2]

2.5 State what a tree diagram is used for. 1]

AP Statistics ¢ Holiday Homework —4 Random variables and distributions — Part 2
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5 Sampling variability — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
sampling distribu- HFES 1

tion

Recall

You know a sample is used to estimate a whole population:

« But two different samples will give slightly different answers.
o The sample mean is not exactly the true mean —it varies.

This sheet lines up how sample results vary. Each idea has a worked example.
New ideas

B ] Statistics vary

A statistic (like a sample mean) changes from one sample to the next, just by chance.
This is sampling variability.

B 2 The sampling distribution

The sampling distribution J{j#£4)7f is the distribution of a statistic over many,
many samples —it shows how much the statistic bounces around.

B 3 Centered on the truth

For a fair sample, the sampling distribution is centered on the true population value
—so on average, the sample gives the right answer.

B 4 Bigger samples, less spread
Worked example. Estimating an average with a sample of 100 gives a much less
variable result than a sample of 10 —larger samples give more reliable estimates.

Watch out: the sample mean is almost never exactly equal to the population mean
—it varies by chance. What we can say is how close it is likely to be, and larger
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samples make it closer.

Practice
Try these in order. The methods are all above.

2.1 State what "sampling variability” means.

2.2 State what a sampling distribution shows.

2.3 State where the sampling distribution of a fair sample is centered.

2.4 State the effect of a larger sample on the variability of an estimate.

2.5 Explain why two different samples from the same population can give different

means.

AP Statistics ¢ Holiday Homework —5 Sampling variability — Part 1
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5 The central limit theorem — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
central limit theo- H .0 4% [

rem EH

Recall

In Part A you saw that sample means vary. There is a beautiful pattern to how they
vary:

o Even if the original data are not bell-shaped, the sample means often are.
o This pattern is the key that makes statistics work.

Each idea has a worked example before the Practice.

New ideas

B ] The central limit theorem

The central limit theorem 1.0 M RREH says: for a large enough sample, the
distribution of the sample mean is approximately normal (bell-shaped), centered
on the population mean.

AP Statistics ¢ Holiday Homework —5 The central limit theorem — Part 2
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1

| centered at mu
larger n -> narrower and 1 =30
more normal (standard error = sigma / sqrt n) | n=

n=10

B 2 Even from non-normal data

Remarkably, this holds even if the original population is not normal —the
averaging smooths things into a bell shape.

B 3 Larger samples, tighter bell

The bigger the sample, the narrower and more normal the distribution of the sample
mean becomes.

B 4 Why it matters

Because the sample mean is approximately normal, we can use the familiar bell curve
(and the 68-95-99.7 rule) to say how confident we are in an estimate —the basis of all
the inference that follows.

Watch out: the central limit theorem is about the distribution of the sample mean,

not the individual data. The raw data can be skewed while the sample means are still
bell-shaped.

Practice
Try these in order. The methods are all above.

2.1 State what the central limit theorem says about the sample mean. 2]

2.2 State the surprising part —what it does not require of the population. 2]

AP Statistics ¢ Holiday Homework —5 The central limit theorem — Part 2
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2.3 State what happens to the sample mean’s distribution as the sample gets larger. [2]

2.4 State why the central limit theorem is so useful in statistics. 2]

2.5 State whether the theorem is about the individual data or the sample mean. 1]

AP Statistics ¢ Holiday Homework —5 The central limit theorem — Part 2
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6 Confidence intervals — Part 1

Name: - Class: - Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)

confidence interval E{Z[X[f]

Recall

You use a sample to estimate something about a population:

e A poll estimates the fraction of people who support an idea.
o But the estimate is not exact —how sure can we be?

This sheet introduces confidence intervals. Each idea has a worked example.

New ideas

B 1 A range, not a single number

Because a sample estimate varies, we give a range likely to contain the true value,
not just one number.

B 2 The confidence interval

A confidence interval {5 [X[d] is an estimate plus-or-minus a margin of error:
"the true value is probably in this range”.

AP Statistics ¢ Holiday Homework —6 Confidence intervals — Part 1
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95% confidence interval

| | >
| = |

(o g

z—196— z+1.96—

Vn Vn

Worked example. A poll finds 60% support with a margin of error of 3%, giving a
confidence interval of 57% to 63%.

B 3 Confidence level

A 95% confidence level means the method captures the true value 95% of the time
it is used —we are 95% confident the range is right.

B 4 Wider or narrower

A larger sample gives a smaller margin of error (a narrower, more precise interval);
a higher confidence level gives a wider one.

Watch out: the confidence interval estimates the population value, not a single
person. And 795% confident” refers to the method’s long-run success rate, not a
probability about this one interval.

Practice

Try these in order. The methods are all above.

2.1 State why we give a range instead of a single estimate. 2]

2.2 A poll finds 45% with a margin of error of +4%. State the confidence interval.  [2]
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2.3 A poll finds 70% with a margin of error of £2%. State the confidence interval. 2]

2.4 State what a larger sample does to the margin of error. 1]

2.5 State what a "95% confidence level” means. 2]

AP Statistics ¢ Holiday Homework —6 Confidence intervals — Part 1
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6 Hypothesis tests — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)

hypothesis test BRI RS B

Recall
In Part A you estimated a value with a confidence interval. Now test a claim:

e Is a coin fair, or biased?
o Does the data give real evidence, or could it just be chance?

Each idea has a worked example before the Practice.

New ideas

B 1 A hypothesis test

A hypothesis test {RiXfL weighs evidence against a claim. It starts with a null
hypothesis —"nothing unusual is going on” (for example, the coin is fair).

AP Statistics ¢ Holiday Homework —6 Hypothesis tests — Part 2



do not reject Hy

reject Hyg (95%)

reject Hyg

-1.96 +1.96

B 2 The p-value

The p-value is the chance of getting data at least this extreme if the null hy-
pothesis were true. A small p-value means the data would be surprising, which is
evidence against the null.

B 3 The decision

If the p-value is below a chosen level (often 0.05), we reject the null hypothesis —the
effect is "statistically significant”. Otherwise we do not reject it.

Worked example. A coin gives 9 heads in 10 flips. If the coin were fair, that is very
unlikely (small p-value), so we have evidence it is biased.

B 4 What it does not prove

Failing to reject the null does not prove it true —it just means there was not enough
evidence against it.

Watch out: a small p-value means the data are surprising if the null is true —it
does not directly give "the probability the null is true”. And ”not significant” means
"not enough evidence”, not "proven no effect”.

Practice

Try these in order. The methods are all above.

2.1 State what the null hypothesis usually represents. 2]
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2.2 State what a p-value measures.

2.3 State what a small p-value tells you.

2.4 A test gives a p-value of 0.02 (below 0.05). State the decision.

2.5 Explain why failing to reject the null does not prove it true.
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7 Estimating a mean — Part 1

Name: - Class: — Date:

Vocabulary aJL.

Write each word three times. &R BAEPE =1,

English E:3'd Write it 3 times (English)
mean WME
Recall

In an earlier sheet you estimated a proportion with a confidence interval. The same
idea works for an average:

o A sample of test scores estimates the true average score.

o The estimate comes with a margin of error.

This sheet lines up estimating a mean. Each idea has a worked example.
New ideas

B ] Estimating a mean

To estimate a population mean #J{H, take a sample, find its average, and attach a
margin of error to give a confidence interval.

B 2 The interval

The confidence interval for a mean is sample mean £ margin of error.

Worked example. A sample of heights averages 170 cm with a margin of error of
43 cm: the interval is 167 ¢cm to 173 cm.

B 3 Interpretation

We are (say) 95% confident the true average lies in this range —the method captures
it 95% of the time.

B 4 Precision

A larger sample gives a smaller margin of error, so a narrower, more precise estimate
of the mean.
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Watch out: the confidence interval estimates the population mean, not the value
of a single individual. Individuals vary far more widely than the average does.

Practice
Try these in order. The methods are all above.

2.1 State what you attach to a sample mean to make a confidence interval. 1]

2.2 A sample averages 50 with a margin of error of +4. State the confidence interval. 2]

2.3 A sample averages 200 with a margin of error of £15. State the interval. 2]

2.4 State what a larger sample does to the margin of error. 1]

2.5 State what the interval estimates —the population mean or a single individual.  [1]
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7 The t-distribution — Part 2

Name: — Class: — Date:

Recall

In Part A you estimated a mean. In real life you rarely know the population’s spread:

e You must estimate the spread from the sample too.
o This extra uncertainty needs a slightly different curve.

Each idea has a worked example before the Practice.

New ideas

B 1 When the spread is unknown

When you do not know the population’s standard deviation (almost always), you
estimate it from the sample. This adds uncertainty, especially for small samples.

B 2 The t-distribution

To handle that extra uncertainty, we use the t-distribution instead of the normal
curve.

= normal N(0, 1)
et (3 d.f.)

heavier tails

lower peak

It looks like the bell curve but has heavier tails, allowing for more surprises with
small samples.
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B 3 Sample size matters

The smaller the sample, the heavier the tails (more uncertainty). As the sample
grows, the t-distribution gets closer and closer to the normal curve.

B 4 Same idea, adjusted

Worked example. A confidence interval for a mean from a small sample uses a slightly
wider margin (from the t-distribution) than it would with the normal curve —reflecting
the extra uncertainty.

Watch out: use the t-distribution (not the normal) whenever you estimate the
spread from the sample —which is nearly always. The two agree for large samples, but
differ for small ones.

Practice

Try these in order. The methods are all above.

2.1 State why we often cannot use the population’s standard deviation. 2]
2.2 State what distribution we use instead of the normal in that case. 1]
2.3 State how the t-distribution differs in shape from the normal curve. 2]
2.4 State what happens to the t-distribution as the sample size grows. 2]

2.5 State when the t-distribution should be used. 1]
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8 Categorical data and expected counts
— Part 1

Name: - Class: - Date:

Vocabulary aJL.

Write each word three times. & BAEIPE =1,

English E:3'd Write it 3 times (English)
Categorical data 2 228HE

expected e

Recall

Not all data are numbers —some are categories:

o Eye colour, favourite subject, or blood type are categories.
e You count how many fall into each category.

This sheet lines up how to compare category counts. Each idea has a worked example.

New ideas

B ] Categorical data

Categorical data 43ZE%(#}5 sort things into groups (categories) rather than mea-
suring a number. You summarize them with counts in each category.

B 2 Observed and expected

An observed count is what you actually got; an expected #J% count is what you
would expect if a claim were true.

Worked example. Rolling a fair die 60 times, you expect 10 of each number. If you
observe 15 sixes, that is more than expected.

B 3 Measuring the gap

To judge whether the observed counts differ from expected by more than chance, we
compare each observed count with its expected count.
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chi-square distribution
(right-skewed)

reject region
(large chi-square)

critical value

B 4 The question

The key question: are the differences between observed and expected small enough
to be chance, or big enough to be real?

Watch out: the expected counts are what a claim (like "the die is fair”) predicts —
they are not the observed data. The whole test compares what you got against what
the claim predicts.

Practice
Try these in order. The methods are all above.

2.1 State what categorical data are, with an example. 2]

2.2 State the difference between an observed and an expected count. 2]
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2.3 A fair coin is flipped 100 times. State the expected number of heads.

2.4 A fair die is rolled 120 times. State the expected count for each number.

2.5 State the key question when comparing observed and expected counts.
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8 The chi-square test — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
chi-square 2 il
Recall

In Part A you compared observed counts with expected counts. Now measure the total
gap with one number:

o We need a single value for "how far off” the observed counts are.
o That value is the chi-square statistic.

Each idea has a worked example before the Practice.
New ideas

B 1 The chi-square statistic

The chi-square |75 statistic adds up the (observed minus expected) gaps, squared

and scaled: © E)2
- _
=) —
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X2 with 3 d.f.

reject region
(5%)

[

A bigger y? means the observed counts are further from expected.

critical value
7.815

B 2 A worked example

Worked example. A cross predicts 60 dominant and 20 recessive, but you observe 55
and 25:

, (55—-60)2 (25—20)2 25 25
_ 0B 0404 1.95=167.
0 20 60 T 20 *

B 3 Making a decision

Compare x? with a critical value from a table. If x? is smaller, the differences are
within chance (do not reject); if larger, they are a real effect (reject).

B 4 In the example
With 1 degree of freedom the critical value at the 0.05 level is 3.84. Since 1.67 < 3.84,
the deviation is within chance —the data fit the predicted ratio.

Watch out: always divide by the expected count E (not the observed) in each
term. And a small x? means the data fit the claim —it does not mean "no data”.

Practice

Try these in order. The methods are all above.

2.1 Write the formula for the chi-square statistic. 2]
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2.2 State what a large chi-square value tells you.

O
2.3 For one category, observed = 18 and expected = 12. Find its term (

2.4 A test gives x? = 1.2 and the critical value is 3.84. State the decision.

2.5 State what you divide by in each term of the chi-square sum.
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9 Inference for a regression slope —
Part 1

Name: - Class: — Date:

Vocabulary fajjL

Write each word three times. B&- P EIRTE =i,

English oy Write it 3 times (English)
slope FR
Recall

Earlier you fitted a line of best fit to a scatterplot:

e The line’s slope describes the relationship.
o But is that slope real, or could it just be chance in the sample?

This sheet lines up inference about a regression line. Each idea has a worked example.

New ideas

B 1 The sample slope estimates the true slope

The slope #13% of the line of best fit, found from a sample, is only an estimate of
the true relationship in the whole population.
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B 2 Is there a real relationship?

If the true slope is 0, there is no linear relationship. So we test whether the slope is
really different from 0.

B 3 A confidence interval for the slope
We can also give a confidence interval for the slope —a range likely to contain the true
slope.

Worked example. If a sample slope is 5 with a margin of error of +2, the interval is
3 to 7. Since this does not include 0, there is evidence of a real positive relationship.

B 4 The idea reused

This is the same inference idea as before: a sample estimate, plus uncertainty, used
to judge a claim (here, "the slope is 0”).

Watch out: if a slope’s confidence interval includes 0, you cannot conclude there
is a real relationship —the true slope might be 0 (no link at all).

Practice

Try these in order. The methods are all above.

2.1 State what the sample slope is an estimate of. 2]
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2.2 State what a true slope of 0 would mean. 2]

2.3 A sample slope is 8 with a margin of error of +3. State the confidence interval. |[2]

2.4 For that interval, state whether there is evidence of a real relationship, and why. [2]

2.5 State what it means if a slope’s interval includes 0. 1]
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9 Residuals and checking the model —
Part 2

Name: — (Class: — Date:

Vocabulary Ja]jT

Write each word three times. &S FEIRTIE =i,

English =27y Write it 3 times (English)
residual Bk
Recall

In Part A you tested a regression slope. Now check whether a line is even the right
model:

o A straight line is not always the best fit.
» The leftover errors (residuals) reveal whether it fits.

Each idea has a worked example before the Practice.
New ideas

B ] Residuals

A residual %% 2= is the gap between an actual value and the line’s prediction: residual
= actual — predicted.

Worked example. If the line predicts 70 but the actual value is 73, the residual is
73 — 70 = +3.

B 2 The residual plot

A residual plot graphs the residuals against x. It magnifies how the line misses the
points.
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Practice

B 3 No pattern is good

B 4 A pattern is bad

If the residual plot shows a curve or other pattern, a straight line is the wrong model
—the data bend in a way the line cannot follow.

Try these in order. The methods are all above.

2.1 State what a residual is.

2.2 A line predicts 50 but the actual value is 46. Find the residual.

2.3 State what a residual plot graphs.

AP Statistics ¢ Holiday Homework
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If the residual plot shows no pattern (a random scatter around zero), a straight line
is a good model.

Watch out: a good model has a residual plot with no pattern. A clear pattern (like

a U-shape) is a warning that a straight line is the wrong choice, even if the correlation
looked high.



2.4 State what a residual plot with no pattern tells you.

2.5 State what a clear pattern (like a curve) in the residual plot tells you.
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