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9.3 Y BNormal?

A Solidify Understanding Task

As a college admissions officer, you get to evaluate hundreds of
applications from students that want to attend your school.
Many of them have good grades, have participated in school
activities, have done service within their communities, and all
kinds of other attributes that would make them great candidates for attendmg the college you
represent. One part of the application that is considered carefully is the applicants score on the
college entrance examination. At the college you work for, some students have taken the ACT and
some students have taken the SAT.
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You have to make a final decision on two applicants. They are both wonderful students with the
very same G.P.A. and class rankings. Itall comes down to their test scores. Student A took the ACT
and received a score of 29 in mathematics. Student B took the SAT and received a score of 680 in
mathematics. Since you are an expert in college entrance exams, you know that both tests are
designed to be normally distributed. A perfect ACT score is 36. The ACT mathematics section has a
mean of 21 and standard deviation of 5.3. (Source: National Center for Education Statistics 2010) A
perfect score on the SAT math section is 800. The SAT mathematics section has a mean of 516 and
a standard deviation of 116. (Source: www.collegeboard.com 2010 Profile).

1. Based only on their test scores, which student would you choose and why?
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This analysis is starting to make you hungry, so you call your friend in the Statistics Department at
the university and ask her to go to lunch with you. During lunch, you tell her of your dilemma. The
conversation goes something like this:
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You: I'm not sure that I'm making the right decision about which of two students to admit to the
university. Their entrance exam scores seem like they’re in about the same part of the distribution,
but I don’t know which one is better. It’s like trying to figure out which bag of fruit weighs more
when one is measured in kilograms and one is measured in pounds. They might look like about the
same amount, but you can’t tell the exact difference unless you put them on the same scale or
convert them to the same units.

Statistician: Actually, there is a way to make comparisons on two different normal distributions
that is like converting the scores to the same unit. The scale is called the “standard normal
distribution”. Since it was invented to make it easy to think about a normal distribution, they set it
up so that the mean is 0 and the standard deviation is 1.

Here’s what your statistician friend drew on her napkin to show you the standard normal

distribution:
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You: Well, that looks just like the way I always think of normal distributions.

Statistician: Yes, it’s pretty simple. When we use this scale, we give things a z-score. A z-score of 1
means that it’s 1 standard deviation above the mean. A z-score of -1.3 means that it is between 1
and 2 standard deviations below the mean. Easy-peasy.

What's even better is that when we have a z-score there are tables that will show the area under the
curve to the left of that score. For a test score like the ACT or SAT, it shows the percentage of the
population (or sample) that is below that score. I've got a z-score table right here in my purse. See,
the z-score is -1.3, then 9.68% of the population scored less. You can also say that 90.32% of the
population scored better, so -1.3 wouldn’t be a very good score on a test.
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Try it: Let’s say you had two imaginary test takers, Jack and Jill. Jack’s z-score was 1.49 and Jill’s z-
score was 0.89. -
o

2. What percent of the test takers scored below Jack? What percent scored above Jack?

243.19% axe below 100-G314= (5,.81% oure OJodbve

3. What percent of the test takers scored below Jill? What percent scored above Jill?
2\.33% are lelow 1D -31.33 = 1R.661% oxe alocve,

4. What percent of the test takers scored between Jack and Jill?

A4319-81.33 = \1.Bb% oxe \othuween

5. Jack and Jill’s friend, Jason, scored -1.49. Find the number of test takers that scored above
him without using a table or technology. Explain your strategy.
BN}
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You: That's very cool, but the two scores I'm working with are not given as z-scores. Is there some |
way that I can transform values from some normal distribution like the scores on the ACT or SAT to
z-scores?
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Statistician: Sure. The scale wouldn’t be so amazing if you couldn’t use it for any normal
distribution. There’s a little formula for transforming a data point from any normal distribution to

— —

a standard normal distribution: X —X X — X
data point—mean Z Z — 5 —
standard deviation Ox &S X

6. So, if you have an ACT score of 23. The mean score on the ACT is 21 and the standard
deviation is 5.2. What would you estimate the z-score to be?
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7. Let’s use the formula to ﬁgu&e it out: z-score =

Z-score =

23-21

. How was your estimate? Explain

why this value is reasonable. \

Q

You: That’s great. I'm going back to the office to decide which student is admitted.

8. Compare the scores of Student A and Student B. Explain which student has the highest

mathematics test score and why. e o e ke 2 <rrve (S hl-’&\((‘
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