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Understanding how to calculate a 95% confidence interval (CI) for the
difference between true average stopping distances is fundamental in
statistical analysis, especially in contexts such as vehicle safety testing,
transportation engineering, and driver safety assessments. Using data from
Exercise 19, this guide provides a comprehensive step-by-step approach to
computing this confidence interval, ensuring that you can interpret the
results accurately and apply them in real-world scenarios.

Understanding the Context and Importance of
Confidence Intervals in Stopping Distance
Analysis

What Is a Confidence Interval?

A confidence interval is a range of values, derived from sample data, that is
believed to contain the true population parameter with a specified level of
confidence. In this case, we're interested in estimating the difference
between the true average stopping distances of two different groups or
conditions, such as different vehicle types, road conditions, or driver
behaviors.

Why Use a 95% Confidence Interval?

- Provides a high level of certainty that the interval contains the true
difference.

- Used widely in research to infer population parameters based on sample
data.

- Helps assess the practical significance of observed differences.

Relevance in Stopping Distance Studies



Estimating the difference in stopping distances can inform safety policies,
vehicle design, and driver training programs. For example, if the 95% CI for
the difference is entirely above zero, it suggests a statistically
significant difference favoring one condition over the other.

Review of Data from Exercise 19

Before calculating the confidence interval, review the key data points from
Exercise 19:

- Sample means:

- Group A: \(\bar{X} A\)

- Group B: \(\bar{X}_B\)

- Sample standard deviations:
- \(s_A\)

- \(s_B\)

- Sample sizes:

- \(n_A\)

- \(n_B\)

Note: Replace these placeholders with actual numerical values from Exercise
19 when performing calculations.

Step-by-Step Guide to Calculating the 95%
Confidence Interval for the Difference Between
True Average Stopping Distances

1. Define the Parameters and Assumptions

- The data are assumed to be approximately normally distributed.

- The samples are independent.

- Variances may be equal or unequal; choose the appropriate method
accordingly.

2. Calculate the Sample Difference in Means

\ [



\text{Difference} = \bar{X} A - \bar{X} B
\1

This value indicates the observed difference between the two sample means.

3. Determine the Standard Error (SE) of the
Difference

Depending on whether variances are assumed equal or unequal, the formula
differs:

a) Equal Variances Assumed: Pooled Standard Error

\ [
SE = \sqrt{ s p~2 \left( \frac{1}{n A} + \frac{1}{n B} \right) }
\1

Where:

\ [
s p*2 = \frac{ (n A -1) s A2+ (nB -1) sB*2 3} nA+nB-21}
\1

b) Unequal Variances (Welch's t-test):

\ [
SE = \sqrt{ \frac{s A"2}{n A} + \frac{s B"2}{n B} }
\1]

Choose the appropriate method based on your data's variance equality
assessment.

4. Find the Appropriate Critical t-Value

The critical t-value corresponds to the 95% confidence level and degrees of
freedom (df). For:

- Equal variances assumption:

\[
df =nA+nB -2
\]

- Unequal variances assumption (Welch's method):

\ [
df = \frac{ \left( \frac{s A”2}{n A} + \frac{s B"2}{n B} \right)"2 }{ \frac{



(s A2 / nA)*2 }{ nA -1} + \frac{ (s B2/ nB)*2 3} nB-11}1}
\1

Use a t-distribution table or software (e.g., Excel, R, Python) to find the

critical t-value corresponding to the calculated df at a 0.025 significance
level (for two-tailed 95% CI).

5. Calculate the Margin of Error (ME)

\ [
ME = t {critical} \times SE
\1

This represents the maximum expected difference between the sample estimate
and the true population parameter within the 95% confidence level.

6. Compute the Confidence Interval

\ [
\text{CI} = (\text{Difference} - ME, \text{Difference} + ME)

\]

The resulting interval provides the range within which the true difference in
average stopping distances lies with 95% confidence.

Interpreting the Results of the Confidence
Interval

Scenario 1: Entire CI Above Zero

- Indicates a statistically significant difference favoring one group.
- For example, if the interval is (2.5 ft, 7.8 ft), the true average stopping
distance for Group A exceeds Group B by this range.

Scenario 2: Entire CI Below Zero

- Implies the opposite; Group B has a longer stopping distance.



Scenario 3: CI Includes Zero

- Suggests no statistically significant difference at the 95% confidence
level.
- The true difference could be zero or negligible.

Practical Implications

Knowing the confidence interval helps in decision-making:

- If the interval suggests a meaningful difference, measures can be taken to
address safety concerns.

- If the interval includes zero, additional data might be necessary to reach
a conclusion.

Factors Affecting the Calculation and
Interpretation

Sample Size

- Larger samples yield narrower confidence intervals, increasing estimate
precision.
- Small samples lead to wider intervals, reflecting greater uncertainty.

Variance Homogeneity

- Assumption of equal variances simplifies calculations but must be
validated.

- Use tests like Levene's test to assess variance equality.

Normality of Data

- The t-interval relies on the assumption that data are approximately
normally distributed.
- For skewed data, consider transformations or non-parametric methods.



Use of Software Tools

- Statistical software like R, SPSS, or Python's scipy.stats can streamline
calculations.
- Example: in R, using “t.test()  with the “conf.level=0.95" parameter.

Practical Example: Calculation with
Hypothetical Data

Suppose from Exercise 19, the data are:

- Group A:

- \(\bar{X} A = 120\) ft
- \(s A = 15\) ft

- \(n_A = 30\)

- Group B:

- \(\bar{X} B = 105\) ft
- \(s B = 12\) ft
- \(n_B = 30\)

Step-by-step calculation:

1. Difference:

\ [
120 - 105 = 15 \text{ ft}

\1]

2. Pooled variance:

\ [

s p~2 = \frac{(30-1) \times 1572 + (30-1) \times 1272 }{ 58 } = \frac{29
\times 225 + 29 \times 144 }{58} = \frac{6525 + 4176}{58} = \frac{10701}{58}
\approx 184.5

\1

3. Standard error:

\ [

SE = \sqrt{ 184.5 \left( \frac{1}{30} + \frac{1}{30} \right) } = \sqrt{ 184.5
\times \frac{2}{30} } = \sqrt{ 184.5 \times 0.0667 } \approx \sqrt{12.33}
\approx 3.51 \text{ ft}

\1



4. Degrees of freedom:

\ [
df = 30 + 30 - 2 = 58
\]

Critical t-value at 95% confidence:

\ [
t {0.025, 58} \approx 2.001

\1]

5. Margin of error:

\ [
ME = 2.001 \times 3.51 \approx 7.03 \text{ ft}

\]

6. Confidence interval:

\ [
(15 - 7.03, 15 + 7.03) = (7.97 \text{ ft}, 22.03 \text{ ft})

\]

Interpretation: We are 95% confident that the true difference in average
stopping distances between the two groups is between approximately 8 and 22
feet, favoring Group A.

Conclusion: Applying the Calculation in
Practice

Calculating a 95% confidence interval for the difference between true average
stopping distances involves understanding the data, choosing the correct
statistical method,

Frequently Asked Questions

What is the main goal when calculating a 95%
confidence interval for the difference in true
average stopping distances?

The main goal is to estimate the range within which the true difference
between the average stopping distances of two populations lies with 95%



confidence.

Which data from Exercise 19 1s necessary for
computing the confidence interval?

You need the sample means, sample sizes, and sample standard deviations for
the two groups involved in the stopping distance comparison.

How do you determine the standard error when
calculating the confidence interval for the
difference between two means?

The standard error is calculated using the formula SE = sqrt((s1”2 / nl) +
(s2”2 / n2)), where sl and s2 are the sample standard deviations, and nl and
n2 are the sample sizes.

What is the role of the t-distribution in
constructing the confidence interval?

The t-distribution accounts for the uncertainty in the sample estimates,
especially with small sample sizes, and provides the critical value used to
determine the margin of error.

How is the margin of error calculated in this
context?

The margin of error is calculated as t times the standard error, where t is
the critical t-value for 95% confidence and the appropriate degrees of
freedom.

What assumptions are made when calculating the
confidence interval for the difference between true
means?

Assumptions include that the samples are independent, the data are
approximately normally distributed, and the variances are equal or adjusted
accordingly if not equal.

How do you interpret the resulting 95% confidence
interval for the difference in stopping distances?

It means we are 95% confident that the true difference in average stopping
distances between the two groups lies within the calculated interval.



Can the confidence interval include zero, and what
would that imply?

Yes, if zero is within the interval, it suggests there may be no
statistically significant difference between the two group means at the 95%
confidence level.

What steps should be taken if the calculated
confidence interval is very wide?

A wide interval indicates high variability or small sample sizes; increasing
the sample size or reducing variability could help produce a more precise
estimate.

How does the data from Exercise 19 specifically
influence the calculation of the confidence
interval?

The specific sample means, standard deviations, and sample sizes provided in
Exercise 19 directly determine the numerical values used in calculating the
standard error, margin of error, and ultimately the confidence interval.

Additional Resources
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Understanding the safety and performance of vehicles on the road often hinges
on statistical analysis, particularly when evaluating differences in stopping
distances under varying conditions. In this article, we delve into the
process of calculating a 95% confidence interval (CI) for the true difference
in average stopping distances, based on data from Exercise 19. This exercise
exemplifies how statisticians and engineers can interpret experimental data
to make informed, data-driven decisions about vehicle safety, braking
efficiency, and driver assistance systems.

The Importance of Confidence Intervals in Vehicle Safety Studies

Before diving into the calculations, it’s essential to grasp why confidence
intervals are vital in this context. When comparing two groups—say, vehicles
with different brake systems or drivers under different
conditions—researchers are interested in the true difference in their average
stopping distances. However, since measurements are based on samples, there's
inherent uncertainty.



A confidence interval provides a range of plausible values for this true
difference, giving a quantitative measure of the estimate's precision. A 95%
CI, for example, indicates that if the same study were repeated numerous
times, approximately 95% of the computed intervals would contain the true
difference. This statistical tool helps determine whether observed
differences are statistically significant or could be attributed to random
variation.

Recap of Data from Exercise 19

Although the specific data from Exercise 19 isn't provided directly here,
such exercises typically involve two independent samples—say, stopping
distances measured under two different braking conditions or vehicle models.
For illustration, assume the data includes:

- Sample size for group 1: \( n 1
- Sample size for group 2: \( n 2

- Sample means: \( \bar{x} 1 \) and \( \bar{x} 2 \)

- Sample standard deviations: \( s 1 \) and \( s 2 \)

\)
\)
d

Suppose these values are given as follows:

| Parameter | Group 1 | Group 2 |
|- RS RS |

| Sample size | \( n.1 =30 1\) | \( n2
| Mean stopping distance | \( \bar{x} 1
27.8 \) meters |

| Standard deviation | \( s 1 = 3.5 \) meters | \( s 2 = 4.0 \) meters |

30 \) |
25.2 \) meters | \( \bar{x} 2 =

These hypothetical figures serve to illustrate the calculation process.

Step 1: Define the Parameter of Interest

The primary goal is to estimate the true difference in average stopping
distances between the two groups:

\ [
\delta = \mu_ 1 - \mu 2
\1

where:
- \( \mu_ 1 \) is the true mean stopping distance for group 1,
- \( \mu_2 \) is the true mean for group 2.

Given the sample data, the point estimate for this difference is:

\ [



\hat{\delta} = \bar{x} 1 - \bar{x} 2 = 25.2 - 27.8 = -2.6 \text{ meters}
\1

This suggests, based on the sample, that group 1's vehicles stop
approximately 2.6 meters sooner than group 2's.

Step 2: Calculate the Standard Error of the Difference

To construct the confidence interval, we need the standard error (SE) of the
difference in sample means. Since the samples are independent, the SE is:

\ [
SE = \sqrt{\frac{s 172}{n 1} + \frac{s 272}{n 2}}
\1]

Plugging in the numbers:

\ [

SE = \sqrt{\frac{3.572}{30} + \frac{4.072}{30}} = \sqrt{\frac{12.25}{30} +
\frac{16}{30}} = \sqrt{0.4083 + 0.5333} = \sqrt{0.9416} \approx 0.97

\1]

The standard error quantifies the variability of the difference estimate due
to sampling.

Step 3: Determine the Critical t-Value

Since the sample sizes are both 30, and assuming equal variances, the degrees
of freedom (df) for the t-distribution can be estimated using the Welch-
Satterthwaite equation:

\ [

df = \frac{\left( \frac{s 172}{n_1} + \frac{s_272}{n_2} \right)"2}{ \frac{
\left( \frac{s 172}{n 1} \right)"2 }{ n 1 - 1 } + \frac{ \left(

\frac{s 272}{n 2} \right)"2 }{ n2 - 1} }

\1

Calculating:

\ [

df = \frac{(0.4083 + 0.5333)"2}{ \frac{(0.4083)"2}{29} +
\frac{(0.5333)"2}{29} } = \frac{0.9416"2}{ \frac{0.1667}{29} +
\frac{0.2844}{29} } = \frac{0.8869}{0.00575 + 0.00981} =
\frac{0.8869}{0.01556} \approx 57

\1

With approximately 57 degrees of freedom, the critical t-value for a 95% (I



is approximately 2.00 (from t-tables or statistical software).

Step 4: Compute the Margin of Error (ME)
The margin of error is:

\ [
ME = t~ \times SE = 2.00 \times 0.97 \approx 1.94

\1]

This value determines the range around the point estimate within which the
true difference likely falls.

Step 5: Construct the Confidence Interval
Finally, the 95% confidence interval for the true difference is:

\ [
\hat{\delta} \pm ME = -2.6 \pm 1.94

\1]
Expressed explicitly:

\ [
\text{CI} = (-2.6 - 1.94, \, -2.6 + 1.94) = (-4.54, \, -0.66)

\1]

Interpretation and Significance

The resulting confidence interval, from approximately -4.54 to -0.66 meters,
indicates that, with 95% confidence, the true average difference in stopping
distances favors group 1. In other words, vehicles in group 1 stop between
0.66 and 4.54 meters sooner than those in group 2. Since the entire interval
is negative, it suggests a statistically significant difference at the 5%
level, implying that the observed difference is unlikely due to random chance
alone.

This finding has practical implications. For example, if group 1 represents
vehicles with advanced braking systems, the data supports the conclusion that
these systems effectively reduce stopping distances—a critical safety
feature.

Broader Implications and Real-World Applications



Calculations like these are fundamental in automotive research, safety
standards, and regulatory decisions. They inform manufacturers about the
efficacy of new safety features, influence policy on vehicle standards, and
guide driver education programs.

Moreover, confidence intervals provide a nuanced understanding beyond simple
hypothesis testing. Instead of merely stating whether a difference exists,
they quantify the range of plausible effects, helping stakeholders weigh the
benefits and risks associated with technological or procedural changes.

Final Thoughts

While the example here relies on hypothetical data, the methodology remains
consistent across diverse studies. Whether comparing brake system
performances, tire types, or road conditions, the process involves:

- Estimating the difference in means,

- Calculating the standard error,

- Determining the appropriate critical t-value based on degrees of freedonm,
- Computing the margin of error,

- And finally, interpreting the resulting confidence interval.

By mastering these steps, engineers, statisticians, and policymakers can make
informed, evidence-based decisions that enhance vehicle safety and driver
protection. As technology advances and new data emerges, these statistical
tools will continue to be indispensable in the pursuit of safer roads for
everyone.
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