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Understanding the distribution of data within a standard normal distribution is fundamental in statistics,
especially when working with z-scores. Z-scores, or standard scores, measure how many standard
deviations an element is from the mean of a distribution. They allow us to compare scores from different

distributions and understand probabilities associated with various data points.

In this article, we will compare the areas under the standard normal curve between the z-scores of 1.00 and
1.25 with those between 2.00 and 2.25. These areas represent the probabilities of a randomly selected data
point falling within these specific z-score ranges. By understanding these areas, statisticians and students
can interpret data more effectively, especially in hypothesis testing, confidence intervals, and other

inferential statistics applications.
Introduction to Z-Scores and the Standard Normal Distribution

The standard normal distribution is a symmetrical, bell-shaped curve characterized by a mean of 0 and a
standard deviation of 1. It is the foundation for many statistical analyses, providing a basis for calculating the

likelihood of a particular value occurring within a dataset.

Z-scores standardize individual data points to a common scale, making it easier to interpret probabilities and
compare different datasets. The area under the curve to the left of a specific z-score indicates the
cumulative probability up to that point, which is essential for determining tail probabilities and critical

values.

Understanding the Areas Between Z-Scores

The area between two z-scores reflects the probability that a data point falls within that interval. For
example, the area between Z = 1.00 and Z = 1.25 indicates the probability that a data point is between one

and one and a quarter standard deviations above the mean.

Similarly, the area between Z = 2.00 and Z = 2.25 shows the likelihood of a data point lying between two

and a quarter and two and a quarter standard deviations above the mean.

These areas are crucial in statistical significance testing and in calculating confidence levels, as they often

correspond to specific p-values and critical regions.



Calculating the Areas Under the Standard Normal Curve

To compare these areas, we typically use z-tables or statistical software to find the cumulative probabilities

associated with each z-score.

Using Z-Table Values

A standard normal z-table provides the cumulative probability from the far left of the distribution up to a

given z-score. The process involves:

1. Finding the cumulative probability for Z = 1.00.
2. Finding the cumulative probability for Z = 1.25.

3. Subtracting to find the area between these two z-scores.

Similarly, for the Z = 2.00 and Z = 2.25, the steps are:

1. Find the cumulative probability for Z = 2.00.
2. Find the cumulative probability for Z = 2.25.

3. Subtract to get the area between these points.

Numerical Values of the Areas

Using standard z-tables or statistical software, the approximate cumulative probabilities are:

| Z-Score | Cumulative Probability (P(Z < z)) |
|-=mmmme [mmmmmmm oo |

| 1.00 | 0.8413 |

[ 1.2510.8944 |

[2.0010.9772 |

[2.2510.9878 |

Based on these values, the areas between the specified z-scores are:

Area between Z = 1.00 and Z = 1.25:



-\(P(1.00 <Z < 1.25) = P(Z < 1.25) - P(Z < 1.00) \)
-\(=0.8944 - 0.8413 = 0.0531 \)

Area between Z = 2.00 and Z = 2.25:

-\(P(2.00 <Z < 2.25)=P(Z <225) - P(Z <2.00)\)

-\(=0.9878 - 0.9772 = 0.0106 \)

Interpreting the Differences in Area Sizes

The calculated areas reveal a significant difference in probability between the two intervals:

- The interval from Z = 1.00 to Z = 1.25 accounts for approximately 5.31% of the total distribution.
- The interval from Z = 2.00 to Z = 2.25 accounts for approximately 1.06% of the total distribution.

This indicates that data points less extreme (closer to the mean) are more probable than those further out in

the tails of the distribution.
Implications of These Findings:

- The probability of a data point lying between 1.00 and 1.25 standard deviations above the mean is over
five times greater than the probability of a point falling between 2.00 and 2.25 standard deviations.
- As z-scores increase, the areas become smaller, reflecting the decreasing likelihood of extreme values in a

normal distribution.

Practical Applications in Statistics

Understanding these areas is vital for various statistical procedures:

1. Hypothesis Testing

- When testing hypotheses, critical regions are often defined based on z-scores. Knowing the area under



the curve helps determine p-values and whether to reject the null hypothesis.
- For example, a two-tailed test at a 5% significance level corresponds to z-scores approximately +1.96,

capturing the central 95% of the distribution.

2. Confidence Intervals

- Confidence intervals are constructed based on the areas under the curve. For instance, a 95% confidence

interval typically spans from Z = -1.96 to Z = 1.96, covering the central 95%.

3. Probability Calculations for Outliers

- The small areas in the tails (such as between Z = 2.00 and 2.25) help identify outliers or rare events,

which occur less frequently but are critical in quality control and risk assessment.

Visualizing the Distribution and Areas

Graphical representations can aid in understanding these areas:

- Plot the standard normal curve.
- Shade the regions between Z = 1.00 and Z = 1.25.
- Shade the regions between Z = 2.00 and Z = 2.25.

- Note how the shaded areas differ in size, visually illustrating the probabilities.

This visualization emphasizes how probability density diminishes as z-scores increase, reflecting the tail

behavior of the normal distribution.

Conclusion: Comparing the Two Areas

In summary, the area between Z = 1.00 and Z = 1.25 is significantly larger than the area between Z = 2.00
and Z = 2.25. This difference underscores the fact that data points closer to the mean are far more common

than extreme outliers.



Understanding these differences is essential in statistical analysis, helping practitioners interpret data, assess
probabilities, and make informed decisions based on the likelihood of specific outcomes. Whether in
hypothesis testing, setting confidence levels, or identifying outliers, recognizing how probabilities

distribute across different z-score intervals enhances the robustness of statistical conclusions.

By mastering the comparison of these areas, students and professionals can better grasp the nature of the
normal distribution and apply this knowledge effectively across various fields, from quality control to

financial modeling.

Additional Resources:

- Standard Normal Distribution Table (Z-Table)
- Statistical Software for Z-Score Calculations
- Tutorials on Hypothesis Testing and Confidence Intervals

- Visualizations of Normal Distributions
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Frequently Asked Questions

What is the significance of comparing the areas between Z = 1.00 and Z =
1.25 versus Z = 2.00 and Z = 2.25 in the standard normal distribution?

It helps in understanding the relative probability or likelihood of observations falling within these specific

Z-score intervals, highlighting how the tail areas differ at various points in the distribution.



How do the areas between Z = 1.00 and Z = 1.25 compare to those
between Z = 2.00 and Z = 2.25?

The area between Z = 1.00 and Z = 1.25 is larger than that between Z = 2.00 and Z = 2.25, reflecting that

the probabilities closer to the mean are higher than those in the more extreme tail regions.

Why are the areas between Z = 2.00 and Z = 2.25 smaller than those
between Z = 1.00 and Z = 1.25?

Because Z-scores farther from the mean (like 2.00 to 2.25) lie in the tails of the distribution, where the

probability density is lower, resulting in smaller areas.

How can these area comparisons be used in hypothesis testing?

They help determine the p-values and critical regions in standard normal tests, especially when assessing

the extremity of results based on Z-scores.

‘What is the approximate area between Z = 1.00 and Z = 1.25?

Using standard normal tables, the area between Z = 1.00 (about 0.3413 to the left) and Z = 1.25 (about 0.3944
to the left) is approximately 0.0531.

Similarly, what is the approximate area between Z = 2.00 and Z = 2.25?

The area between Z = 2.00 (about 0.4772 to the left) and Z = 2.25 (about 0.4880 to the left) is approximately
0.0108.

Why is understanding these small areas important in statistical analysis?

Because they represent rare events or extreme deviations, which are critical in fields like quality control,

risk assessment, and hypothesis testing.

Can these area comparisons help in calculating confidence intervals?

Yes, understanding the areas associated with specific Z-scores aids in constructing confidence intervals and

understanding the spread of data.

How do the differences in these areas influence the interpretation of Z-

scores in practice?

They emphasize that larger Z-scores correspond to rarer events, guiding statisticians in assessing the

significance of observed data points relative to the mean.



Additional Resources
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Understanding the nuances of standard normal distribution and the corresponding areas under the curve is
fundamental in statistics. These areas, often represented as probabilities, help in interpreting how data
points relate to the overall distribution. In particular, comparing the areas between specific Z-scores such as
1.00 to 1.25 and 2.00 to 2.25 reveals important insights into the distribution’s tail behavior, percentile
rankings, and the likelihood of extreme values. This article explores these two segments of the standard
normal distribution in detail, examining their significance, differences, and implications for statistical

analysis.

Fundamentals of the Standard Normal Distribution

What Is the Standard Normal Distribution?

The standard normal distribution is a special case of the normal distribution characterized by a mean (p) of 0
and a standard deviation (o) of 1. Its probability density function (PDF) is symmetric about the mean,
forming the iconic bell curve. This distribution serves as a foundational reference point in statistics because
it simplifies the process of calculating probabilities associated with any normal distribution through a

technique called standardization.

Understanding Z-Scores

A Z-score indicates how many standard deviations an observation is from the mean:
- Positive Z-score: value is above the mean.

- Negative Z-score: value is below the mean.

For example, a Z-score of 1.00 indicates a data point one standard deviation above the mean, while a Z-score

of 2.25 indicates a value 2.25 standard deviations above the mean.

Area Under the Curve and Probability

The area under the standard normal curve between two Z-scores represents the probability that a
randomly selected data point falls within that range. These areas are essential in hypothesis testing,

confidence interval estimation, and determining percentile ranks.



Examining the Areas: Z =1.00to Z =125 vs. Z=2.00 to Z = 2.25

Quantitative Overview of the Areas

Using standard normal distribution tables or statistical software, we can quantify these areas:

- Between Z = 1.00 and Z = 1.25:

- Area to Z = 1.00: approximately 0.3413

- Area to Z = 1.25: approximately 0.3944

- Area between Z = 1.00 and Z = 1.25: 0.3944 - 0.3413 = 0.0531

- Between Z = 2.00 and Z = 2.25:

- Area to Z = 2.00: approximately 0.4772

- Area to Z = 2.25: approximately 0.4878

- Area between Z = 2.00 and Z = 2.25: 0.4878 - 0.4772 = 0.0106

These calculations reveal a stark difference: the segment between Z = 1.00 and Z = 1.25 accounts for about
5.31% of the total distribution, while the segment between Z = 2.00 and Z = 2.25 accounts for a mere 1.06%.
This discrepancy underscores how probabilities diminish as we move further into the tails of the

distribution.

Graphical Interpretation

Visualizing these areas on the bell curve emphasizes their significance:
- The area between Z = 1.00 and Z = 1.25 lies closer to the center, representing relatively common
deviations.

- The area between Z = 2.00 and Z = 2.25 resides in the tail regions, indicating rarer events.

This visualization illustrates why probabilities in the tail regions are smaller and why extreme values are

less frequent.

Implications for Statistical Practice

Significance in Hypothesis Testing

Understanding these areas is crucial when setting significance levels:
- Z = 1.25 corresponds roughly to the 89th percentile, meaning about 11% of data lies beyond this point.
- Z = 2.25 corresponds roughly to the 98.7th percentile, with only about 1.3% of data beyond it.



In hypothesis testing:

- An observed Z-score between 1.00 and 1.25 might lead to a non-rejection of the null hypothesis at
common significance levels (e.g., 0.05).

- A Z-score between 2.00 and 2.25 would typically be considered more significant, potentially leading to

rejection of the null hypothesis if the test is designed for tail areas.

Confidence Intervals and Tail Areas

These areas also inform the construction of confidence intervals:

- For a 95% confidence interval, the critical Z-value is approximately 1.96, aligning closely with the tail
regions near 2.00.

- The small area beyond Z = 2.00 reflects the likelihood of observing extreme deviations, influencing how

wide or narrow the interval is.

Probability of Extreme Events

The tail areas between Z = 2.00 and Z = 2.25 are essential in risk analysis:
- They help quantify the probability of rare events or outliers.
- For instance, in quality control, understanding the probability of a measurement falling into these tail

regions assists in setting control limits.

Deeper Insights: Why Are These Areas Different?

Distribution Properties and Tail Behavior

The normal distribution's symmetry and tail decay rate explain the differences:
- The probability density decreases exponentially as we move away from the mean.

- The area in the tail (beyond Z = 2.00) is significantly smaller than closer regions (Z = 1.00 to 1.25).

Mathematically, the density at Z = 2.25 is much lower than at Z = 1.25, translating into smaller tail areas.

Practical Applications and Limitations

‘While the areas are small, their implications are profound:
- In finance, tail risk (beyond Z = 2.00) is crucial in stress testing.
- In medicine or environmental science, rare events (like extreme pollutant levels) are assessed based on

these tail areas.

However, reliance solely on tail areas can be misleading if the data does not follow a perfect normal



distribution. Real-world data often exhibits skewness or kurtosis, altering tail probabilities.

Conclusion: Significance of Comparing These Areas

The comparison between the areas spanning Z = 1.00 to 1.25 and Z = 2.00 to 2.25 highlights the exponential
decay of probabilities as we venture into the distribution's tails. While the segment between Z = 1.00 and
1.25 encompasses a relatively substantial portion of the data, the tail segment beyond Z = 2.00 contains a

markedly smaller probability, emphasizing the rarity of extreme deviations.

Understanding these differences is vital for statisticians, researchers, and analysts. It informs decision-
making processes, risk assessment, and hypothesis testing strategies. Recognizing how these areas behave
underpins the interpretation of statistical results, especially when evaluating the likelihood of rare or

extreme events.

In summary, the areas between specific Z-scores provide essential insights into the nature of the normal
distribution. Comparing them not only deepens our comprehension of statistical probabilities but also equips
us with the tools to make informed decisions across diverse fields where data variability and extremes

matter.
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