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Matched Pairs

AP Statistics | Unit 7 | paired data, the paired ¢ test and the paired ¢ interval

Running example. Test scores of 10 students before and after a prep course.

student 1 2 3 4 5 6 7 8 9 10
before 72 8 64 90 78 69 81 75 8 60
after 76 84 70 93 78 74 83 82 8 64

after — before +4 -1 +6 +3 0 +5 +2 +7 -2 +4

1. What makes data paired

Each value in one group has a natural partner in the other:

o the same individual measured twice (before/after, left/right);

o matched individuals (twins, subjects paired by age or ability);

e omne individual receives both treatments, in random order.

The two columns are not independent, so a two-sample procedure is wrong. Here it gives ¢ ~ 0.67,

p-value ~ 0.25 (“no evidence”), because the large student-to-student variation (scores from 60 to 90)
drowns a 3-point improvement. Pairing removes that variation.

2. Work with the differences

Subtract within each pair: 20 numbers become one sample of 10 differences, with
d=2.38, sq = 3.01.

From here on it is a one-sample ¢ problem about the differences.

3. The paired t test and interval

Paired ¢ procedures for a mean difference

t=—— d + t*°% df = (number of pairs) — 1

Hy: pg =0, Hg: pg >0, where pg is the true mean difference (after — before) in test score.
Always state the order of subtraction.

,__ 28 28
"~ 3.01/V/10  0.952

2.94, df =9, p-value = P(t > 2.94) ~ 0.008.

Because 0.008 < 0.05, we reject Hy: there is convincing evidence that scores are higher, on average,
after the course.

Interval. 2.8 +2.262(0.952) = (0.65, 4.95): we are 95% confident that the true mean improvement in
score is between 0.65 and 4.95 points.
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4. Conditions, on the differences

e Random: a random sample of pairs, or treatments assigned at random within each pair.
o 10%: the number of pairs is at most 10% of the population (not for experiments).

o Normal / Large Sample: at least 30 differences, or a graph of the differences with no strong
skewness and no outliers.

Paired or two-sample? If each value can be matched with exactly one partner for a reason built
into the design, it is paired. Two separate groups (possibly of different sizes) are two-sample.

Where students lose points

. Running a two-sample ¢ procedure on paired data.

. Not defining the mean difference, or its order of subtraction.

1
2
3. df from the number of measurements instead of the number of pairs.
4. Checking normality on the two columns, not on the differences.

5

. Not naming it: paired t test, or paired ¢ interval.

Now practise it

Theory sticks once you use it. On sad-academy.com you’ll find practice questions for this
exact subtopic in the AP format, and an Al that grades your free-response answers against the
scoring guidelines, the way an AP reader would.
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Data are hypothetical. AP” is a registered trademark of College Board, which is not affiliated with and does not endorse

this material.
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