CHAPTER 5 / Probability and the Normal Curve 121

e s s R

SUMMARY

In this chapter, we introduced the concept of probability—the relative likelihood of occur-
rence of any given outcome or event—as the foundation for decision making in statistics.
Indicated by the number of times an event can occur relative to the total number of times
any event can occur, probabilities range from O (an impossible event) to 1 (a certainty).
Probabilities can be summed as in the addition rule, so as to establish the likelihood of
obtaining any one of several different outcomes; they can also be multiplied as in the multi-
plication rule, to determine the likelihood of obtaining a combination of independent out-
comes. As we saw in earlier chapters, a frequency distribution is based on actual
observations in the real world. By contrast, a probability distribution is theoretical or ideal,
- it specifies what the percentages should be in a perfect world. Thus, we specify the possible ol
: values of a variable and calculate the probabilities associated with each. Analogous to the

percentages in a frequency distribution, the probabilities we obtain in a probability distri-

bution represent the likelihood (rather than the frequency of occurrence) of each value. The ‘ !
theoretical model known as the normal curve is a particularly useful probability distri- 4 :
bution for its applications to actual research situations. Known for its symmetrical “beil il
shape,” the normal curve can be used for describing distributions of scores, interpreting the !
standard deviation, and making statements of probability. In conjunction with standard !
scores, we can determine the percent of the total area under the normal curve associated '

with any given sigma distance from the mean and the probability of obtaining any raw

score in a distribution. In subsequent chapters, we shall see that the normal curve is an 5
essential ingredient of statistical decision making. :

QUESTIONS AND PROBLEMS

3. A statement that the probability of catching the rob-
ber is P = 1.67 must be false because probability
varies from

1. The relative likelihood of occurrence of an event 1s
known as that event’s -
a. area under the curve.

b. probability. a. zero to infinity.
¢. standard deviation. b. zeroto 1.0. -
d. All of the above c. zeroto 100.

d. -3.0to +3.0.

2. Five youths are in detention at juvenile court. One
of these youths committed a violent offense. What 4. A indicates how far an individual score falls:
is the probability of selecting at random this youth from the mean of a distribution.

from this group?

a. standard deviation

a. 1 b. zscore !
b. 2 ¢. percentage
e. 2 F d. probability
d 4

e. Cannot be determined from information
provided.

The following students are enrolled in a course in
forensics. They are listed along with their year in
school and their major.




it

3
‘
i
¥
i

122

PART TWO / From Description to Decision Making

Student Year Major
1 Sophomore Biology
2 Junior Criminal justice
3 Junior Criminal justice
4 Senior Criminal justice
5 Junjor English
6 Senior Biology
7 Junior Criminal justice
8 Sophomore Criminal justice
9 Junior Criminal justice
10 Senior Psychology

‘What is the probability of selecting at random from
this class

a. asophomore?

b. astudent majoring in criminal justice?

€. ajunior or a senior?

d. not a psychology major?

Under any normal distribution of scores, what per-

centage of the total area falls

a. between the mean (u) and a score that lies one
standard deviation (1) above the mean?

b. between the mean (1) and a score that lies one
standard deviation (— 1) below the mean?

c. between the mean (u) and a score that lies two
standard deviations (20) above the mean?

d. between a score that lies two standard deviations
{—20) below the mean and a score that lies two
standard deviations (20) above the mean?

Police departments use exams as part of their pro-
motion process where officers have to score higher
than 80% of those taking the exam to be considered
for promotion. (This is a z score of 0.83 or above.)
Two officers write their exams. Officer #1 receives
a grade of 76. Officer #2 receives a grade of 52.
Note that the mean pw= 62 and the standard devia-
tiong = 11.
a. Calculate the z-score for officer #1. Was this score
high enough to be considered for promotion?
b. Do the same calculations and summary for offi-
cer#2.

A police detective was interested in studying the
amount of time spent interrogating criminal sus-
pects. Collecting data from police reports on all of
the interrogations she and her colleagues performed
over the past 2 years, she found that the lengths of

10.

11.

12.

time were normally distributed with a mean length of

106 min and a standard deviation of 8 min. Find the

a. percentage of interrogations that last 2 h or
more.

b. probability that a particular interrogation lasted
2 h or more.

Among the correctional officers in a particular
state. the mean number of sick days per yearis . =
5.3 with a standard deviation o = 2.4. Assuming
absences among correctional officers is normally
distributed, determine the probability that

a. aparticular officer missed § or more days.

b. aparticular officer missed between 3.5 and 4 days.

Anger management (AM) scores are normally dis-

tributed with a mean w= 250 and a standard devia-

tion o = 35. On the basis of this distribution,

determine

a. the percentage of AM scores between 250 and
285.

b. the probability of selecting a person at random
having an AM score between 250 and 285.

¢. the percentage of AM scores between 215 and

285.

the probability of selecting a person at random

having an AM score between 215 and 250.

e. the probability of selecting a person with an AM
score below 220.

&

Examination of court records in a particular state
shows that the mean prison sentence length for
first-offense drug dealers is 26 months with a stan-
dard deviation o = 2 months. The records also
reveal that sentence lengths are approximately nor-
mally distributed.

a. What percentage of first-time convictions for
drug dealing receive 23 or fewer months?

b. A defense attorney was concerned that his
client’s sentence was particularly harsh at 30
months. What is the probability of receiving a
sentence length of 30 months or more?

¢. Another defense attorney is pleased that his
client received a sentence of 18 months. How
likely is it that a person would receive a sentence
of 18 or fewer months?

Traffic safety for police officers can be a dangerous
business. A recent study in a Southern city shows
that officers averaged w = 2.2 accidents and a stan-
dard deviation of o = 1.5 over a 2 year period.
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a. What percentage of police officers had one or
fewer accidents?

b. What is the probability of selecting a police offi-
cer at random who had two or more accidents?

A researcher talks with 20 heroin addicts to find out
how many times they have shoplifted in the past
week. The data are shown below:

Known shoplifting incidents
1,6,0,0,4,0,3,4,14,9,3,0,1,1,2

Plus two addicts said “get lost, buddy” and three
others said “I don’t know.”

School safety is an important issue. Using SPSS to

analyze the Monitoring the Future survey, find out

how safe the typical student feels in American High

Schools (V1643), Determine the mean and the stan-

dard deviation. ’

a. Using this mean and standard deviation, what
percentage of students are expected to feel satis-
fied or completely satisfied with their personal
safety or above (6 or above)?

b. What percentage of students are expected to feel
neutral or below about how safe they feel in
school?

¢. What is the probability of selecting at random a
student who feels neutral.or below about how
safe he or she feels in school?

Use information from the Monitoring the Future

survey to obtain a mean and standard deviation for

students’ average grade in high school (V179).

a. What percentage of students said their average
gradeisaAorA—.

16.
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a. Use Fox’s ABCalc or a conventional calculator
to find the mean and standard deviation for
known incidents.

b. Use ABCalc or a conventional calculator to find
the z score for an addict who shoplifted four
times?

¢. What is the percentage of heroin addicts who
have shoplifted four or more times?

d. Find the z score for an addict who shoplifted
once (1) in the past week?

e. What percentage of addicts shoplifted [ or
fewer times in the past week?

b. What is the probability that a particular student
has an average grade between B+ and B~.

Enter the years on death row data from Table 1.5
into an SPSS data sheet. Using the Frequencies pro-
cedure (Anatyze/Descriptive Statistics/Frequencies),
request a histogram of the data with a normal curve
overlay (from the Charts button), as well as the
mean and standard deviation (from the Statistics
button).

a. Comment on the closeness of the actual fre-
quency distribution to a normal curve.

b. Based on the mean and standard deviation of the
data, determine the probability, based on the
normal distribution, that an inmate will wait 12
years or more on death row before his or her
execution.

¢. Compare the probability from the normal distri-
bution to the percentage of actual scores that are
12 or above.

b



SOLUTIONS TO PROBLEMS 405

25. Generate a bar graph 11. (a)23,7; (b) 43.20, 5.60; (c) 6.57, 2.37; Judge
26. Generate a line graph : Allison
12. R =6,5=1.508 ~
13. R=6,5=1.625
Chapter 3 14. R = 4,5 =0.827
15. Ordinal, Mo = 1 (None), Mdn = 1 (None),
1. a R=6 :
2. a 16. Interval/Ratio, Mo = 7, Mdn = 6,X = 524,
3. c R=06,5=1.645
4. b 17. Choose a variable
S. b
6. a y
7. ¢ Chapter 5
8. (a) Multiple modes: prereiease, minimum, and ;
medium; (b) minimum; (c) Because not 1. b
. interval/ratio level 2. ¢
9. Offense, mode, drugs; Sex,.mode, male; 3 b ‘
Assigned drug testing, median, falls between 4. b
daily and weekly; Months, mean, 2.6 5. (a)0.2;(b) 0.6; (c) 0.8; (d) 0.9
. 10. (a)0.5; (b) 1.6 6. (a)34.13;(b) 34.13;(c)47.72;(d) 95.44 i
% I1. (a) 3; (b) 4; () 12.0; (d) median 7. (a) 1.273, promoted; (b) —0.909, not promoted » [
12. Mo=0,Mdn=1,X = 2.05 8. (a)4.01; (b)0.0401
P 13. Mo =3,Mdn = 4,X = 4.0 9. (2)0.1303; (b) 0.0674
| 14. (2) Mo = 3,Mdn = 5.5,X = 5.5; (b) Mo = 8, 10. (a) 34.13%; (b) 34.13%; (c) 68.26%: 1
f Mdn = 5,X = 5.2; (c) Knowledge (d) 0.3413; (e) 0.1949
% 15. Mo = 0,Mdn = 0,X = 0.42 11, (a) 6.68%; (b) 0.0228; (c) 0.003%
1 16. Mo = 1 (None), Mdn 1 (None); No because 12. (a) 21.19%; (b) 0.5517
ordinal. 13. (X =3.2;5 =38;(b)0.211; (¢c) 41.66%;
17. Ordinal; Mo = 1 (None), Mdn = 7 ($51-75) (d) —0.579; (e)28.13% ‘
18. Ordinal; Mo =1 (None), Mdn =1 (None) 14. (a) 38.54%; (b) 15.08%; (c) 0.1508

15, (a)20.99; (b) 0.1951
16. (a) Quite close; (b) 0.3892; (¢) Actual 39.4%,

Chapter 4 very close
1. d
2. b Chapter 6
; 3 c i
4. ¢ 1. b %
5. (a) Precinct A, 6.6 versus 5.8; (b) Precinct B, 2. b
0.74 versus 2.6 3. ¢
6. (a)3;(b) 1.00, (c) 1.00 4. a
7. Below = 63, Above = 85 5. a
8. (@) 4;(b) 1.47;(c) 1.21 6. c
9, (a) 12; (b) 12.86; (c) 3.59 7. d
10. (a) 3; (b) 1.55;(c) 1.25 8. 2.275




