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Observation & Experiment

Statistics is concerned with chance outcomes in studies or
scientific experiments.

For instance:

Numbers of monthly traffic accidents in Chengdu.
Number of A, B, C, D, F grades at courses at Sichuan Univ..

Definition

Any recording of information is called an observation.

Definition

Any process that generates a set of data is called an experiment.
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Sample Space

Definition

The set of all possible outcomes at a statistical experiment is
called the sample space and is denoted S .

Example (Flipping a Coin)

The only possible outcomes are head (H) or tail (T ).

The sample set then is

S = {H,T} .
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Sample Space – Examples

Example (Tossing a Die)

If we are interested in the number on the top face, then the
sample set is

S1 = {1, 2, 3, 4, 5, 6} .

If we are interested only on whether the number is even or
odd, then the sample set is

S2 = {even, odd} .
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Sample Space – Examples

Example (Flipping and Tossing)

We flip a coin.

If we have a head we flip it again.

If we have a tail, we toss a die.

The sample space then is

S = {HH,HT ,T1,T2,T3,T4,T5,T6} .
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Tree Diagrams

Remark

It is sometimes convenient to use a tree diagram:
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Figure 2.1: Tree diagram for Example 2.2.

Many of the concepts in this chapter are best illustrated with examples involving
the use of dice and cards. These are particularly important applications to use early
in the learning process, to facilitate the flow of these new concepts into scientific
and engineering examples such as the following.

Example 2.3: Suppose that three items are selected at random from a manufacturing process.
Each item is inspected and classified defective, D, or nondefective, N. To list the
elements of the sample space providing the most information, we construct the tree
diagram of Figure 2.2. Now, the various paths along the branches of the tree give
the distinct sample points. Starting with the first path, we get the sample point
DDD, indicating the possibility that all three items inspected are defective. As we
proceed along the other paths, we see that the sample space is

S = {DDD, DDN, DND, DNN, NDD, NDN, NND, NNN}.

Sample spaces with a large or infinite number of sample points are best de-
scribed by a statement or rule method. For example, if the possible outcomes
of an experiment are the set of cities in the world with a population over 1 million,
our sample space is written

S = {x | x is a city with a population over 1 million},

which reads “S is the set of all x such that x is a city with a population over 1
million.” The vertical bar is read “such that.” Similarly, if S is the set of all points
(x, y) on the boundary or the interior of a circle of radius 2 with center at the
origin, we write the rule

S = {(x, y) | x2 + y2 ≤ 4}.
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Tree Diagrams

Example (Manufacturing Process)

We randomly select items in a manufacturing process.

2 possible outcomes:

defective (D) or non-defective (N).

The process is performed three times.

The sample space then is

S = {DDD,DDN,DND,DNN,NDD,NDN,NND,NNN} .
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Tree Diagrams

Example (Continued)
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Figure 2.2: Tree diagram for Example 2.3.

Whether we describe the sample space by the rule method or by listing the
elements will depend on the specific problem at hand. The rule method has practi-
cal advantages, particularly for many experiments where listing becomes a tedious
chore.

Consider the situation of Example 2.3 in which items from a manufacturing
process are either D, defective, or N , nondefective. There are many important
statistical procedures called sampling plans that determine whether or not a “lot”
of items is considered satisfactory. One such plan involves sampling until k defec-
tives are observed. Suppose the experiment is to sample items randomly until one
defective item is observed. The sample space for this case is

S = {D, ND, NND, NNND, . . . }.

2.2 Events

For any given experiment, we may be interested in the occurrence of certain events
rather than in the occurrence of a specific element in the sample space. For in-
stance, we may be interested in the event A that the outcome when a die is tossed is
divisible by 3. This will occur if the outcome is an element of the subset A = {3, 6}
of the sample space S1 in Example 2.1. As a further illustration, we may be inter-
ested in the event B that the number of defectives is greater than 1 in Example
2.3. This will occur if the outcome is an element of the subset

B = {DDN, DND, NDD, DDD}
of the sample space S.

To each event we assign a collection of sample points, which constitute a subset
of the sample space. That subset represents all of the elements for which the event
is true.
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