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Abstract

Statistical intervals can be confusing, even in the minds of those who use
them often. This paper uses an example to describe the differences between
confidence intervals, prediction intervals and tolerance intervals.

1. Coaxial Cabhle Manufacturing Example

Let’s say you are in charge of a coaxial cable manufacturing operation, and that
one type of coaxial cable you make has a target resistance of 50 Ohms with a
standard deviation of 2 Ohms. You recently took a random and representative
sample of 40 cables from your production process over the course of a month to
characterize the resistance measurements of the coaxial cable population. Using
JMP* (Analyze > Distribution) you generate a histogram (Figure 1) along with
basic statistics.

¥ [~]Distributions
¥ [~/ Resistance

¥ Quantiles ¥ Moments

—m 100.0% maximum  53.491 Mean 49.859856

99.5% 53.491 Std Dev 1.9611799

97.5% 53.491 Std Err Mean 0.3100898

90.0% 53.213 upper 95% Mean 50.487072

75.0% quartile 51.289 lower 95% Mean 49.23264

50.0% median  49.626 N 40

25.0% quartile 48.512

10.0% 47,655

2.5% 46.098

0.5% 46.092

0.0%  minimum  46.092

47 48 49 51 52 53

Figure 1. Histogram and Summary Statistics for Resistance Data.

The average resistance is 49.86 Ohms and the standard deviation is 1.96 Ohms.
Based on these estimates of the mean and the standard deviation, it seems that
you are meeting the target values of 50 Ohms and 2 Ohms, respectively. But
what else can we say about the resistance data?
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5. How Much GCan We Trust Our Claims?

Our calculated statistical intervals represent the state of our process at a given time;
i.e., they are snapshots in time of what the process is doing. How do we guarantee
the claims that we are going to make based on the statistical intervals? Statistical
analyses usually depend on the homogeneity assumption that the data comes

from a single universe rather than multiple ones. Another way of thinking about the
homogeneity assumption is by asking the question: how stable is the “process” that
generates our data?

A good way of checking for process stability is by means of a process behavior
chart, or control chart (for more information on process behavior charts to check
the homogeneity assumption please refer to Wheeler (2005)). Figure 7 shows a
process behavior chart (Graph > Control Chart > IR) for the 40 individual resistance
measurements that we collected for our study. Because the process behavior
chart shows a reasonable degree of stability, we can say that the process is stable,
consistent or predictable. We have some evidence then, that the data we used to
develop our intervals comes from a predictable process; therefore, the claims we
make based on the statistical intervals are valid.

Figure 7. Process Behavior Chart for 40 Resistance Measurements

The Lower Control Limit (LCL), 43.48 Ohms, and Upper Control Limit (UCL),

56.24 Ohms define the natural process variation for the resistance data. So as long
as the process remains stable we expect future resistance readings to be within
43.48 Ohms and 56.24 Ohms. Sounds like a tolerance interval, doesn’t it? In fact,
the natural process limits can be thought of as a 95% tolerance interval but, since
they are calculated using +3sigma and not Equation 3, the coverage is usually less
than 99.73%. For the LCL and UCL displayed in Figure 7 the tolerance interval
coverage is about 98.38%.



6. Summary
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Statistical intervals help us to quantify the uncertainty surrounding the estimates

that we calculate from our data, such as the mean and standard deviation. The

three types of intervals presented here — confidence, prediction and tolerance — are
particularly relevant for applications found in science and engineering because they
allow us to make very practical claims about our sampled data, as shown in Table 1.
Because JMP makes it easy for us to obtain these intervals, all we have to do is apply

them correctly.

Observation*

Confidence for the 95% 49.23 50.49 | The "true" mean of the
Population Mean resistance measurements
is somewhere within these
bounds.
Prediction for 1 Future 95% 45.84 53.88 | You expect one future
Observation resistance measurement
to be within these bounds.
Prediction for 10 Future 95% 43.95 55.77 | You expect ALL ten future
Observation resistance measurement to
be within these bounds.
Prediction for the Average 95% 48.46 51.26 | You expect the average
of 10 Future Observations of 10 future resistance
measurements to be
within these bounds.
Tolerance to Enclose 95% 42.52 57.20 | You expect 99.73% of the
99.73% of the Population resistance measurements
to be within these bounds.
Prediction for 100 Future 95% 42.32 57.40 | You expect ALL hundred
Observation* future resistance measure-
ment to be within these
bounds.
Prediction for 1000 Future 95% 40.81 58.91 | You expect ALL thousand

future resistance measure-
ment to be within these
bounds.

*Wider than the corresponding tolerance interval to enclose 99.73% of the population

Table 1. Statistical Intervals and Interpretations for the Resistance Data.
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