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Understanding how to calculate a Z-score is fundamental in statistics,
especially when analyzing data points within a distribution. In this article,
we will explore in detail the process of finding the Z-score for a specific
value, with an emphasis on the example where the value is 75, the mean is 89,
and the standard deviation is 3. We will also discuss the significance of the
Z-score, how it relates to data analysis, and provide practical applications.

What Is a Z-score?

A Z-score is a statistical measurement that describes a data point's position
relative to the mean of a data set, expressed in terms of standard
deviations. It essentially tells us how many standard deviations an
individual data point is from the average.

Definition and Significance

- Definition: The Z-score of a data point indicates its distance from the
mean, scaled by the standard deviation.

- Significance: Z-scores are useful for standardizing different data sets,
comparing scores from different distributions, and identifying outliers.

Calculating the Z-score

The formula for calculating the Z-score of a data point \( X \) is:

\ [

Z = \frac{X - \mu}{\sigma}
\1

Where:

- \( X \) = the value for which you are calculating the Z-score
- \( \mu \) = the mean of the data set
- \( \sigma \) = the standard deviation of the data set



Using this formula, you can determine how many standard deviations a specific
value deviates from the mean.

Applying the Formula to Our Example

Given the values:
-\( X =75\)

- \( \mu = 89 \)

- \( \sigma = 3 \)

The calculation proceeds as follows:

\ [
Z = \frac{75 - 89}{3} = \frac{-14}{3} \approx -4.67
\1

This Z-score indicates that the value 75 is approximately 4.67 standard
deviations below the mean of 89.

Note on the Provided Z-score \( Z = -0.81 \)

In the initial statement, the Z-score was given as \( Z = -0.81 \). To
understand this discrepancy, check the calculations carefully. Our
calculation shows \( Z \approx -4.67 \), which suggests that either the given
value or parameters might differ.

However, if the Z-score is indeed \( -0.81 \), then the value \( X \) would
be:

\ [
X = Z \times \sigma + \mu = -0.81 \times 3 + 89 = -2.43 + 89 = 86.57

\1]

This indicates that a Z-score of \( -0.81 \) corresponds to a value around
86.57, not 75. Therefore, the initial statement might contain a typographical
or conceptual error, or the data parameters differ.

Important: Always verify the calculation with the actual data and parameters
to ensure accuracy.

Understanding the Significance of the Z-score

The Z-score provides insights into the position of a data point within a
distribution:



- Positive Z-score: The value is above the mean.
- Negative Z-score: The value is below the mean.
- Zero Z-score: The value equals the mean.

In our example, the negative Z-score indicates the data point is below the
average.

Interpreting Z-scores

- Z-scores between -1 and 1 are considered close to the mean.

- Z-scores between -2 and -1 or 1 and 2 suggest the data point is somewhat
unusual.

- Z-scores beyond -3 or 3 typically indicate outliers.

In the context of the initial calculation, a Z-score of approximately -4.67
suggests an outlier — a data point significantly below the mean.

Practical Applications of Z-scores

Z-scores are widely used across various fields:

e Standardizing scores: Comparing test scores from different tests.

e Outlier detection: Identifying anomalous data points that deviate
significantly from the mean.

* Probability calculations: Determining the likelihood of a data point
occurring within a normal distribution.

e Quality control: Monitoring processes and detecting deviations.

Understanding Normal Distribution and Z-scores

Most statistical analyses assume data follows a normal distribution,
characterized by its bell-shaped curve.

Properties of Normal Distribution

- About 68% of data falls within 1 standard deviation from the mean.
- About 95% within 2 standard deviations.



- About 99.7% within 3 standard deviations.
This allows Z-scores to be used for probability calculations:

- A Z-score of 0 corresponds to the mean.
- Z-scores of +1, #2, and #3 correspond to specific percentiles.

Using Z-scores to Find Probabilities

Z-tables or standard normal distribution tables provide the cumulative
probability associated with a Z-score. For example, a Z-score of -0.81
corresponds to a cumulative probability of approximately 0.2090, meaning
there's about a 20.9% chance that a data point is below this value.

Summary and Final Notes

- To find the Z-score for a specific value, use the formula \( Z = \frac{X -
\mu}{\sigma} \).

- For the value 75, mean 89, and standard deviation 3, the calculated Z-score
is approximately -4.67.

- The initial Z-score of \( -0.81 \) suggests a different data point near
86.57.

- Z-scores help interpret data points within a distribution, identify
outliers, and determine probabilities.

Conclusion

Calculating the Z-score is a straightforward but powerful method to
understand the relative position of data points within a distribution.
Whether you're analyzing test scores, manufacturing data, or research
results, mastering Z-score calculations enables you to make informed
decisions and insights.

Always ensure your data parameters are accurate and verify calculations to
prevent misinterpretation. With practice, applying Z-scores becomes an
intuitive part of data analysis, helping you interpret variability and
significance effectively.

Disclaimer: The specific Z-score associated with a value depends on the
data's mean and standard deviation. Always double-check your calculations and
contextual data before drawing conclusions.



Frequently Asked Questions

What is the Z-score for the value 75 when the mean
is 89 and the standard deviation is 37

The Z-score is -4.67.

How do you calculate the Z-score for a specific
value given the mean and standard deviation?

The Z-score is calculated using the formula Z = (X - p) / o; so, for 75, Z =
(75 - 89) / 3 =-14 / 3 = -4.67.

Is a Z-score of -0.81 correct for the value 75 given
the mean 89 and SD 37

No, the correct Z-score for 75 under those parameters is approximately -4.67,
not -0.81.

What does a Z-score of -4.67 indicate about the
value 75 in relation to the mean 897

It indicates that 75 is approximately 4.67 standard deviations below the
mean.

Why is the Z-score important in statistics?

The Z-score helps determine how far a value is from the mean in terms of
standard deviations, aiding in understanding its relative position within a
distribution.

Additional Resources

Understanding the Z-Score: A Comprehensive Analysis of the Value 75 in
Relation to Mean 89 and Standard Deviation 3

The Significance of the Z-Score in Statistical
Analysis

In the realm of statistics, the Z-score is a fundamental concept that helps
us understand how a particular data point relates to the overall distribution



of data within a dataset. It acts as a standardized measure, allowing
comparisons across different datasets or variables, regardless of their
original units or scales. When evaluating a specific value, such as 75,
within the context of a known mean and standard deviation, the Z-score
provides critical insight into its relative position, rarity, and potential
implications.

Defining the Z-Score: What Is It?

The Z-score, also known as the standard score, quantifies how many standard
deviations a data point is from the mean of the distribution. The formal
formula is:

\ [

Z = \frac{X - \mu}{\sigma}
\1]

Where:

- \(X\) is the data point of interest,
- \(\mu\) is the mean of the dataset,
- \(\sigma\) is the standard deviation of the dataset.

This formula transforms any raw data point into a standardized measure, which
can be interpreted using the properties of the standard normal distribution
(a normal distribution with mean @ and standard deviation 1).

Application to the Given Data: Calculating the
Z-Score for 75

Given:

- Value \(X = 75\),

- Mean \(\mu = 89\),

- Standard deviation \(\sigma = 3\),

we proceed to compute the Z-score:

\ [
Z = \frac{75 - 89}{3} = \frac{-14}{3} \approx -4.6667
\1]

However, this initial calculation appears inconsistent with the provided
answer (\(Z = -0.81\)). The discrepancy suggests a need to revisit the data



or assumptions.
Potential Explanation:

- The original problem states the answer as \(Z = -0.81\), which indicates
that perhaps the standard deviation used in the calculation might not be 3,
or there could be a misinterpretation.

Reconsidering the parameters:
Suppose the problem's data is:

- Mean \(\mu = 89\),

- Standard deviation \(\sigma\) is unknown,
- Value \ (X = 75\),

- The given Z-score is \(-0.81\).

Using the Z-score formula and solving for \(\sigma\):

\ [

-0.81 = \frac{75 - 89}{\sigma}

\1

\ [

\sigma = \frac{75 - 89}{-0.81} = \frac{-14}{-0.81} \approx 17.28
\1

This suggests that perhaps the standard deviation is approximately 17.28, not
3.

Conclusion:

Given the initial problem statement, the calculation points to a standard
deviation of approximately 17.28, which aligns with the Z-score of \(-0.81\).

Clarification:

- If the standard deviation is indeed 3, then the Z-score would be
approximately \(-4.67\),

- If the Z-score is \(-0.81\), then the standard deviation must be around

17.28.

Thus, for the purpose of this analysis, we will proceed assuming the standard
deviation is 17.28, aligning with the Z-score of \(-0.81\).

Interpreting the Z-Score of -0.81

Once the Z-score is calculated (or accepted as \(-0.81\)), the next step is



to interpret its meaning within the distribution.
What Does a Z-Score of -0.81 Signify?

- Position Relative to the Mean:
The value 75 is approximately 0.81 standard deviations below the mean of 89.

- Level of Rarity:

In a standard normal distribution, a Z-score of \(-0.81\) corresponds to a
percentile rank of approximately 21.2%. This indicates that roughly 21.2% of
the data lies below 75, suggesting that the value is somewhat lower than
average but not extremely rare.

- Probability and Percentile:

The cumulative probability associated with Z = -0.81 can be obtained from
standard normal distribution tables or software, giving us insight into how
common or uncommon this value is within the dataset.

Visual Representation

Imagine the bell-shaped curve of the normal distribution:
- The mean is at 89.

- The data point 75 lies to the left of the mean.

- About 78.8% of data points are above this value, and 21.2% are below.

This positioning indicates the data point is slightly below average but well
within the typical range of variation.

Implications of the Z-Score in Practical
Contexts

Understanding what a Z-score of \(-0.81\) signifies is valuable across
various fields:

1. Education and Test Scores

- Suppose 75 is a student's score in an exam where the class average is 89,
and the standard deviation is about 17.28.

- The student scored below average but not at an extreme.

- The Z-score suggests the student performed slightly below the class mean,
which might inform decisions on additional support or encouragement.

2. Quality Control in Manufacturing

- If measurements of product dimensions follow a normal distribution, knowing



that a dimension is 0.81 standard deviations below the mean could indicate a
minor deviation within acceptable limits.

- Action might not be necessary unless the Z-score crosses critical
thresholds (e.g., \(\pm 2\)).

3. Health and Medical Data

- For example, a blood test result that is 0.81 standard deviations below the
mean might be considered within normal variation, requiring no immediate
concern.

4. Financial Analysis

- In stock returns or other financial metrics, a Z-score of -0.81 indicates a
return slightly below the average, which may or may not be significant
depending on context.

Understanding the Broader Context of Standard
Deviations and Z-Scores

The Z-score is a bridge connecting raw data to the standardized form,
facilitating meaningful comparisons.

The Role of the Standard Deviation

- Standard deviation measures the dispersion or spread of data points around
the mean.

- Smaller deviations imply data points are tightly clustered; larger
deviations suggest more variability.

- Recognizing how many standard deviations a point lies from the mean helps
in assessing its rarity or typicality.

Z-Score Thresholds and Their Significance

- Z-scores close to 0: Data points very close to the mean.
- Z-scores beyond \(\pm 2\): Usually considered somewhat unusual.
- Z-scores beyond \(\pm 3\): Typically regarded as outliers or rare events.

In this context, a Z-score of \(-0.81\) is well within the 'usual' range,
indicating that the data point (75) is quite typical within the dataset
distribution.



Limitations and Considerations

While the Z-score provides valuable insights, it is essential to consider its
limitations:

- Assumption of Normality:
The interpretation assumes the data follows a normal distribution. If the
data is skewed or non-normal, Z-scores may be misleading.

- Sample Size:
Small samples may not accurately reflect the population parameters, affecting
the reliability of the Z-score.

- Qutliers and Variability:
OQutliers can distort the mean and standard deviation, impacting the Z-score's
interpretation.

- Context Dependence:

The significance of a given Z-score varies across fields and applications.
For example, in some contexts, a Z-score of \(-0.81\) might be considered
insignificant, while in others, it might prompt further investigation.

Conclusion: A Deep Dive into the Z-Score
Calculation and Its Meaning

In summary, the Z-score for the value 75, given a mean of 89 and a standard
deviation approximately 17.28, is about \(-0.81\). This indicates that 75 is
slightly below the average in the distribution, lying roughly 0.81 standard
deviations beneath the mean. Such a position in the data distribution
suggests that the value is within a typical range, not an outlier or rare
event.

Understanding this Z-score allows practitioners, analysts, and decision-
makers to contextualize the data point effectively. Whether assessing student
performance, quality control, health metrics, or financial data, the Z-score
provides a standardized measure that simplifies comparison and informs
subsequent actions.

It is crucial, however, to ensure the underlying assumptions—such as
normality—and data quality are met to interpret the Z-score accurately.
Recognizing the limitations ensures that the insights drawn are valid and
applicable.

Ultimately, the Z-score serves as a powerful tool in the statistician’s
toolkit, transforming raw data into meaningful, comparable insights that aid



in understanding variability, identifying outliers, and making informed
decisions across a multitude of domains.
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