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Chapter 1

Statistics as a Science

1.1 Topics for Consideration

There are no answers provided for the exercises in this chapter.






Chapter 2

Types of Variables,
Measurements, and
Explanation

2.1 Calculation Practice

2.1 In the following list of model statements, for each term identify whether they
are variables, coefficients, or parameters

a. Cy = a+ b Yhy; C; is aggregate consumption in year t, Y h; is aggregate
household income in year t.

b. It = ap+ a1 (Ys — Yi—1) — 6 K1 +yrs; I; is aggregate investment in year
t, Y; is net national product in year t, K; is aggregate capital stock in year t,
and T4 1s the real interest rate.

c. Syt =c¢; +dAsy; Sit s sales of firm i in year t, Ay is advertizing expen-
ditures in year t by firm 1.

d. M; = e+ fB; — gB?; M, is the infant mortality rate and B, is the birth
rate.

e. E = Mc?; E is energy, M is mass, and c is the velocity of light.

Answer:

a. Variables: Ci, Y h;; Parameters: a, b.

b. Variables: I, Y;, Ky, ry; Parameters: ag, a1, 6, .

c. Variables: S, A;t; Parameters: ¢;, d.

d. Variables: M;, B;; Parameters: e, f, g.

e. Variables: E, M; Parameter: c2.

2.3 In the following list of variables, specify how each should be measured,
that is, identify what type of variable it is, or what type of measurement is
applicable. There may be more than one alternative; if so, mention at least two.

a. Temperature by month at specified points on the earth’s surface

b. Number of earthquakes per year
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. Severity of earthquakes as indicated by the Richter scale
. Scholastic aptitude test scores
. Volume of a gas
Rate of arrival of patrons at a cinema
. Hostility levels of student subjects
. Reading speed and comprehension score
Train use by commuters (note several possibilities)
Preference for alternative mouthwashes
. Cost of production of all automobiles in the United States by year
Answer: Some of the answers are subject to interpretation, particularly
whether something is random vs. deterministic.
a. Random? cardinal, continuous, interval scale, time series
b. Cardinal, discrete, random
¢. Random? cardinal, continuous, interval scale
d. Random? cardinal, continuous, interval scale
e. Deterministic, cardinal, continuous, ratio scale
f. Random? cardinal, discrete
g. Random? ordinal?
h
Is
j.

T >R TR0 a0

.- Random? cardinal, ratio scale for speed, interval scale for comprehension
Random? time series if recorded over time, index, cardinal, discrete
Ordinal

k. Time series, index, cardinal, ratio scale

2.2 Exploring the Tools

2.5 For the following list of variables give your reasons why, or the extent to
which, you think that each is a random or a deterministic variable. What criteria
would you use to distinguish between the two categories of variables? What
ezperiments would you perform to check your distinctions?

a. Eztensions of a spring after adding weights

b. Picking cards from a shuffled deck (What role does “shuffling” play and
why?)

c¢. Numbers in the lottery

d. Orbital periods of the planets (that is, the times taken to complete one
cycle)

e. Consumption of cigarettes by a specific individual

f. Purchase of cigarettes by a specific individual

g. Cost of production for a specific output by a particular firm

h. Service time at an auto repair facility

Answer: Most of these questions are open to interpretation. For example,
extensions of a spring by adding weights may be thought of as deterministic
because the degree of extension is proportional to the weights added. On the
other hand, it may be thought of as observations on a random variable, because
with ten readings you will get ten different results if you measure the extension
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sufficiently accurately. If the relatively small measurement error is ignored, the
process may be regarded as deterministic, but if we do allow for the errors of
measurement, the process has to be regarded as structural.

For questions [b] and [c] the simple answer is that the outcomes are random,
but one can speculate that with enough care and precise observation it might
be possible to determine the outcome of a coin toss, or of numbers on a lottery.
We can speculate, but the reality is that such precise observation is beyond our
capabilities. Following are interpretations for the above variables.

a. Spring extension satisfies Hooke’s law and is deterministic up to measure-
ment error.

b. Given perfect information about the original orientation of the cards in
the deck and the exact nature of the shuffle, one could determine exactly which
card will be drawn. However, since it is virtually impossible to ascertain such
information, one could claim that it is random. Shuffling is what obscures the
information which we might have, shuffling is a “randomization” process.

c. A similar situation to the one above. Given a good description of the
exact physical interaction of the lottery system (which is directly observable)
one could conceivably predict the lottery, however, it is impossible to find this
information in practice, rendering the lottery effectively random.

d. The Orbital periods of the planets follow, up to measurement and some
negligible error, well-know laws(e.g. Kepler's Laws). It seems that they are
deterministic.

e. There is no specific reason that cigarette consumption of a particular
individual should be completely determined. It is difficult to imagine, however,
that someone who has smoked two packs a day for the last twenty years would
somehow stop smoking in one day. If it is to be modeled as a random variable,
then local observations in the time series will be highly correlated.

f. Purchase of cigarettes by a particular individual is functionally related to
the consumption of cigarettes by that individual, and hence is a similar type of
variable, but “random” variation is likely to be more pronounced.

g. The cost of production for some unit of output is functionally related to
the cost and efficiency of various inputs, e.g. wages, capital breakdown, worker
productivity, etc., but some of these things are not directly observable, hence
I can not ascertain them with an arbitrary degree of certainty. Therefore, we
may call the cost of production random.

h. Service time is best modeled as a random variable.

2.8 If you write the equation:
y=a+bz

where T is a continuous deterministic variable and y is a discrete deterministic
variable, what is immediately wrong with this formulation? Ezplain your answer.

Answer: If z is a continuous variable, then y = a + bz is also continuous.
We have therefore a contradiction; y cannot be both discrete and continuous.
See the Mathematics Appendix for the definition of continuity.
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2.3 Applications

2.15 All relationships in economics must be postulated as structural. Debate this
claim.

Answer: There are always some random components in economic relation-
ships, so they must be postulated as structural. However, the analysis of cer-
tain simple technical relationships, for example, in production functions, might
usefully be regarded as deterministic. It is unlikely that human decisions or
reactions to economic events can ever be regarded as deterministic.

2.16 The difference between economic laws and physical laws is that the
latter are deterministic and the former are structural. Comment.

Answer: Both are structural in fact; the main difference between the dis-
ciplines is that in physical relationships the degree of random variation is much
less relative to the size of the variation of the deterministic component.



Chapter 3

How to Describe and
Summarize Random Data
by Graphical Procedures

3.1 Calculation Practice

3.1 Worked. Objective: Practice calculation of the quartiles. Find the minimum,
mazimum, range, interquartile range, and median for the following sets of data.

a. -7,0,5,6,-1,-2,4

b. 1,2,8,3,6.3

c. 0,1,100,0,90,50,2,80,100,0,10,20

d. -10, 8, 3, -3, 13, 4, -7, 6,5,6,1,9,-2

Answers:

a. Reorder data: -7,-2,-1,0,4,5,6; Min = -7, Max = 6, Range = 13, Q; = -2,
Q3 = 5, Inter quartile range = 7, Median = 0

b. Reorder data: 1,2,3,3,6,8; Min = 1, Max = 8, Range = 7, @1 = 2, Q3=6,
Interquartile range = 4, Median = 3

c¢. Reorder data: 0,0,0,1,2,10,20,50,80,90,100,100; Min = 0, Max = 100,
Range = 100, @; = 0.5, Q3 = 85, Interquartile range = 84.5, Median = 15

d. Reorder data: -10,-7,-3,-2,1,3,4,5,6,6,8,9,13; Min = -10, Max = 13, Range
=23, Q1 = -2.5, Q3 = 7, Interquartile range = 9.5, Median = 4

3.5 For practice in constructing histograms, use the following table, which
shows a frequency distribution (based on seven “classes”) of the weekly wages of
65 employees at BagelBurger. Show

a. The lower limit of the sizth cell, or interval

b. The upper limit of the fourth cell, or interval

c. The class mark, or cell mark, of the third cell, or interval

d. The relative frequency of the third cell

e. The cell, or interval, having the largest frequency

9
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f. The percentage of employees earning less than $80 per week
Z. The percentage of employees earning less than $100, but at least $60 per
wee
h. If a new employee were to be added to the staff of BagelBurger at the
princely sum of §134.35 per week, what would you do to alter the histogram to
include this observation?
Wages($) No. of Employees
50.00 — 59.99 8
60.00 — 69.99 10
70.00 — 79.99 16
80.00 — 89.99 14
90.00 — 99.99 10
100.00 — 109.99 5
110.00 — 119.99 2
Answer:
a. 100.00;
b. 89.99;
c. 75.00;
d. Total number of observations is 65. So the relative frequency of the third
cell is 16/65, or 0.246;
e. The third cell;
f. (8+10+16)/65 = 0.523, or 52.3%;
g. (104+16+14+410)/65, or (65-8-2)/65 = 0.769, or 76.9%;
h. Two ways. One is to add two cells, “120.00-129.99” and “130.00-139.99.”
The other is to add just one cell, “120.00 and above.”

3.7 Repeat Ezercise 3.6 using two other film studios. What general observa-
tions can you make about the choice of number of cells (bars)?

Answer: The number of cells should be chosen carefully. A reasonable
number of observations per cell is needed to have some stability in repeated
sampling for the relative frequency, but more cells with narrower widths are
needed to get a smoother histogram.

3.2 Exploring the Tools

3.9 Consider film studio O discussed in this chapter. Suppose that you received
the revenue data on this studio piece by piece, starting with the first 18 obser-
vations, which are summarized in the following table.

Fill in the table one line at a time. Ezamine the extent to which each of
the measures that enter a boz-and-whisker plot is altered by the addition of new
data. Draw conclusions from this experience about the size of the sample of
data that you might need to observe and not have the shape measures continue
to change substantially.
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. 1st . 3rd Int.Qt
Observ. .
serv. Min gt Median Quart Max Bonge Range

First 18 4.2 9.09 15.25 25.68 51.6 16.59 47.4
20.30

2.56

38.0

89.4

20.5
Construct a boz-and-whisker plot by hand for the first 18 observations only,

and compare the results with the plot for all the data.

Answer:
. 1st " r

Observ. Min Ouard Median ?C’chtlar . Max g;tﬁg: Range
First 18 4.2 9.09 15.25 25.68 51.6 16.59 474
20.30 42  9.56 16.2 25.55 51.6 15.99 474
2.56 2.56 8.62 15.25 25.42 51.6 16.80 494
38.0 2.56 8.62 16.2 25.8 51.6 17.18 49.4
89.4 2.56  9.09 16.65 26.93 89.4 17.84 86.84
20.5 2.56 9.56 17.1 26.55 89.4 16.99 86.84

One objective in this exercise is to learn how “adding data” refines your
view of the data set. For example, if you compare the calculations and box-and-
whisker plots for the original data to those for the twenty three observations,
you will note many differences in the “shape of the distribution” of the data.

3.11 If there are five cells (and therefore five relative frequencies), and if you
know four of them, you must know the fifth. True? Ezplain.

Answer: The sum of all relative frequencies is always one. If you know four
relative frequencies out of five, the fifth is equal to one minus the sum of the
other four.

3.13 When discussing the construction of cells, the text states: “If we just
pick four cells, we will not have improved matters over our boz-and-whisker
plot.” Why not?

Answer: When only four cells are picked, the information we get from the
histogram is at most range and quartiles, which is just what we learn from
box-and-whisker plots.

3.15 Using the cumulative distributions of heights for men and women aged
18 to 2/ contained in file Htmw.zls in folder Xfiles, subfolder Misc. (See Ap-
pendiz B, Section D, “Data Files”), by hand:

a. Construct a table showing the relative frequencies.

b. Construct a histogram from these data. What is your choice for the cell
marks and the cell boundaries?

c. What differences do you observe between these two distributions?

d. What do the corresponding boz-and-whisker plots look like? Comment on
the advantages and disadvantages of the two presentations of the data.



