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In the realm of statistics, understanding how to estimate population
parameters with a certain level of confidence is fundamental. Recently, a
college student embarked on an educational project by surveying fellow
students to determine a 90% confidence interval on a specific proportion.
This practical approach not only illuminates the concepts of confidence
intervals but also provides insight into how data collection and statistical
calculations work together to produce meaningful results. In this article, we
will explore the steps involved in conducting such a survey, the statistical
principles behind confidence intervals, and how to interpret the findings
effectively.

Understanding Confidence Intervals and Their
Importance

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. For example, a 90% confidence interval suggests that if the same
sampling process were repeated numerous times, approximately 90% of those
intervals would contain the true proportion or mean.

Why Use Confidence Intervals?

Confidence intervals are crucial because they provide a measure of the
uncertainty associated with a sample estimate. Instead of offering a single
point estimate, such as a proportion of students favoring a particular
activity, a confidence interval gives a range that likely contains the true
proportion in the entire population. This helps researchers, educators, and
policymakers make informed decisions based on sample data.

The Scenario: A College Student Conducts a



Survey

Imagine a college student wants to know what proportion of their fellow
students prefer online classes over traditional in-person classes. To gather
data, they randomly survey a sample of students and record their preferences.
The goal is to use this sample to estimate the true proportion of students at
the college who prefer online classes, with a 90% confidence level.

Step 1: Designing the Survey

- Define the Population: All students at the college.

- Choose a Sampling Method: Random sampling to avoid bias.

- Develop Questions: Clear and unbiased questions about class preferences.

- Determine Sample Size: Based on desired confidence level, margin of error,
and population size.

Step 2: Collecting Data

Suppose the student surveys 150 students randomly and finds that 90 of them
prefer online classes. The sample proportion (p) is calculated as:

\[ \hat{p} = \frac{\text{Number of students preferring online
classes}}{\text{Total surveyed}} = \frac{90}{150} = 0.6 \]

This means that 60% of the sampled students prefer online classes.

Calculating the 90% Confidence Interval for the
Proportion

Once the sample data is collected, the next step is to compute the confidence
interval around the sample proportion to estimate the true population
proportion.

Step 1: Identify the Sample Proportion and Sample
Size

- Sample proportion, \(\hat{p} = 0.6\)
- Sample size, \(n = 150\)

Step 2: Find the Critical Value for 90% Confidence

The critical value corresponds to the z-score that captures the middle 90% of
the standard normal distribution. For a 90% confidence level:



- z-value: approximately 1.645

This value can be found in standard normal distribution tables or statistical
software.

Step 3: Calculate the Standard Error (SE)

The standard error for the proportion is given by:

\ [

SE = \sqrt{\frac{\hat{p} (1 - \hat{p})}{n}} = \sqrt{\frac{0.6 \times
0.4}{150}} \approx \sqrt{\frac{0.24}{150}} \approx \sqrt{0.0016} \approx 0.04
\1]

Step 4: Compute the Margin of Error (ME)

The margin of error indicates how much the sample proportion might differ
from the true population proportion:

\ [
ME = z \times SE = 1.645 \times 0.04 \approx 0.0658

\1]

Step 5: Determine the Confidence Interval

Finally, the confidence interval is:

\ [
\hat{p} \pm ME = 0.6 \pm 0.0658

\1]

Which simplifies to:

\ [
(0.5342, 0.6658)

\1]

This means we are 90% confident that the true proportion of students who
prefer online classes is between approximately 53.4% and 66.6%.

Interpreting and Using the Results

What Does the Confidence Interval Tell Us?
The interval (53.4%, 66.6%) suggests that, based on the sample, the actual



proportion of all students at the college who prefer online classes falls
within this range with 90% confidence. It provides a more informative picture
than a simple percentage because it accounts for sampling variability.

Implications for Decision-Making

- For Educators: Understanding student preferences can help in planning
course formats.

- For Administrators: Allocating resources for online platforms or in-person
facilities.

- For Students: Advocating for preferred learning environments based on data.

Factors Affecting Confidence Interval Accuracy

Sample Size

Larger samples tend to produce narrower confidence intervals, providing more
precise estimates of the population proportion. Conversely, small samples
lead to wider intervals, indicating greater uncertainty.

Sample Randomness and Bias

Ensuring the sample is random and free from bias is essential. Non-random
samples can skew results and make the confidence interval unreliable.

Margin of Error and Confidence Level

Choosing a higher confidence level (e.g., 95%) increases the margin of error,
resulting in a wider interval. Conversely, a lower confidence level (e.g.,
90%) yields a narrower interval but with less certainty.

Conclusion: Applying Statistical Concepts in
Real-Life Scenarios

The example of a college student surveying peers to determine a 90%
confidence interval on a proportion illustrates how statistical methods can
be employed in practical situations. By carefully designing the survey,
collecting representative data, and applying the appropriate formulas,
students and researchers can derive meaningful estimates of population
parameters. Confidence intervals not only provide an estimate but also
quantify the uncertainty, enabling better-informed decisions across academic,
business, and social contexts.



Understanding these concepts equips students with essential skills to analyze
data critically and interpret results accurately. Whether conducting research
projects, evaluating opinions, or making policy decisions, the ability to
compute and interpret confidence intervals is a valuable tool in the
statistician’s toolkit.

Frequently Asked Questions

What is the purpose of surveying fellow students to
determine a 90% confidence interval on a proportion?

The purpose is to estimate the true proportion of a certain characteristic or
opinion among the student population with 90% confidence, based on a sample
survey.

How does a college student choose an appropriate
sample size for estimating a proportion with 90%
confidence?

They use formulas that incorporate the desired confidence level, margin of
error, and estimated proportion, often applying the sample size formula n =
(22 p (1 - p)) / E*2, where Z corresponds to the confidence level.

What assumptions are needed when constructing a 90%
confidence interval for a proportion based on survey
data?

Assumptions include that the sample is random and representative, the sample
size is sufficiently large for the normal approximation to be valid
(typically np and n(1l-p) both greater than 10), and observations are
independent.

How is the margin of error calculated when creating
a 90% confidence interval for a proportion?

The margin of error is calculated as Z sqrt(p{l1 - p)/n), where Z is the
critical value for 90% confidence, p“is the sample proportion, and n is the
sample size.

What does it mean if the confidence interval for the
proportion is narrow versus wide?

A narrow confidence interval indicates a more precise estimate of the true
proportion, often due to a larger sample size, while a wider interval



suggests less precision and more uncertainty.

Why is it important for college students to
understand confidence intervals when interpreting
survey results?

Understanding confidence intervals helps students assess the reliability and
variability of the estimates, avoiding overconfidence in the results and
enabling better decision-making based on data.

Can the results of a 90% confidence interval be
generalized to the entire student population?

Yes, if the sample was randomly selected and is representative of the
population, the confidence interval provides an estimate that can be
generalized to the entire student body with the specified confidence level.

Additional Resources
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Introduction

In the realm of statistics and data analysis, confidence intervals serve as
vital tools for estimating population parameters based on sample data. When a
college student embarks on a project to determine a 90% confidence interval
on a proportion—-such as the percentage of students favoring a new campus
policy or participating in a particular activity-they engage in a process
that combines survey design, data collection, and statistical computation.
This endeavor not only enhances understanding of statistical concepts but
also provides practical experience in applying theory to real-world
scenarios.

This review delves into the nuanced steps a college student follows when
surveying fellow students to estimate a population proportion with a
specified confidence level. It explores the methodology, statistical
underpinnings, potential challenges, and best practices to ensure accurate
and meaningful results.



Understanding the Core Concept: Confidence
Intervals for Proportions

What Is a Confidence Interval?

A confidence interval (CI) offers a range of plausible values for an unknown
population parameter—in this case, a proportion (p). When estimating a
proportion, a 90% confidence interval implies that if we were to repeat the
sampling process numerous times, approximately 90% of those intervals would
contain the true proportion.

Why Focus on a Proportion?

Proportions are common measures in survey research when dealing with
categorical data—such as yes/no responses, preferences, or participation
rates. They are expressed as a decimal or percentage, representing the part
of the population exhibiting a specific characteristic.

Mathematical Foundation

The general form of a confidence interval for a population proportion p is:
\[ \hat{p} \pm Z {\alpha/2} \times SE \]

Where:

- \( \hat{p} \) = sample proportion

- \( Z {\alpha/2} \) = critical value from the standard normal distribution
corresponding to the confidence level

- \( SE \) = standard error of the proportion

For a 90% confidence interval, \( Z {\alpha/2} \) is approximately 1.645,
since the area in each tail is 5%.

Designing the Survey: Planning and Preparation



Defining the Objective

Before conducting the survey, the student must clearly specify what they aim
to estimate. For example:

- The proportion of students who prefer online classes over in-person
sessions

- The percentage of students involved in extracurricular activities

- The proportion of students satisfied with campus dining services

A well-defined objective guides question formulation, sampling strategy, and
analysis.

Crafting Effective Survey Questions

Questions should be:

- Clear and unambiguous

- Neutral to avoid bias

- Brief and focused

- Closed-ended when estimating proportion (e.g., Yes/No, Multiple Choice)

Sampling Strategy

Choosing an appropriate sample is critical:

- Random Sampling: Ensures every student has an equal chance of being
selected, reducing bias.

- Stratified Sampling: Dividing students into subgroups (e.g., year, major)
and sampling from each to improve representativeness.

- Sample Size Determination: To estimate a proportion with a specified
confidence level and margin of error, the student needs to determine an
adequate sample size.

Sample Size Calculation:

Given an estimated proportion \( p~ \) (if known), the sample size \( n \)
for a desired margin of error \( E \) at confidence level \( 1l-\alpha \) is:

\[ n = \left( \frac{Z {\alpha/2}}{E} \right)”~2 \times p~(1 - p™) \I]

If \( p~ \) is unknown, a conservative approach uses \( p”~ = 0.5 \), which
maximizes the required sample size.



Data Collection: Conducting the Survey

Implementing the Survey

The student might:

- Distribute questionnaires physically or electronically

- Use random selection methods, such as selecting students from class rosters
or campus directories

- Ensure anonymity to promote honest responses

Sample Size and Response Rate

- Achieving the Target Sample Size: It'’s important to reach the predetermined
number to ensure statistical validity.

- Response Rate: A low response rate can introduce bias. Strategies include
follow-up reminders, incentives, or selecting accessible channels.

Data Recording and Management

- Record responses systematically

- Use spreadsheets or statistical software for data entry

- Check for inconsistencies or incomplete responses and decide on handling
missing data

Statistical Analysis: Computing the 90%
Confidence Interval

Calculating the Sample Proportion (\( \hat{p} \))

\[ \hat{p} = \frac{\text{Number of favorable responses}}{\text{Total
responses}} \]

For example, if 45 out of 100 surveyed students favor online classes:

\[ \hat{p} = \frac{45}{100} = 0.45 \]



Standard Error (SE)

\[ SE = \sqgrt{ \frac{\hat{p}(1 - \hat{p})}{n} } \I
Using the example:

\[ SE = \sqrt{ \frac{0.45 \times 0.55}{100} } \approx 0.0497 \]

Critical Value (\( Z_{\alpha/2} \))

For a 90% confidence level:

\[ Z {0.05} \approx 1.645 \]

Constructing the Confidence Interval

\[ \text{Lower bound} \hat{p} - Z {0.05} \times SE \]

\[ \text{Upper bound}

\hat{p} + Z {0.05} \times SE \]
Plugging in the numbers:

\[ \text{Lower}
\1]

0.45 - 1.645 \times 0.0497 \approx 0.45 - 0.0817 = 0.3683

\[ \text{Upper}

0.45 + 0.0817 = 0.5317 \]

Thus, the 90% confidence interval is approximately (0.368, 0.532).

Interpreting the Results and Implications

Understanding the Confidence Interval

The interval (36.8%, 53.2%) suggests that, based on the sample, we are 90%
confident that the true proportion of all students who favor online classes
falls within this range.



Limitations and Assumptions

- Randomness: The validity depends on the sample being representative.

- Sample Size: Smaller samples produce wider intervals, reducing precision.

- Response Bias: If respondents differ systematically from non-respondents,

estimates may be biased.

- Normal Approximation: The formula assumes the sample size is large enough

for the normal approximation to hold. A common rule is that both \( n\hat{p}
\) and \( n(1 - \hat{p}) \) should be = 10.

Potential for Margin of Error

The margin of error (E) at 90% confidence is:
\[ E =27 {0.05} \times SE \]

In the example, approximately 8.17%. This indicates the estimate's precision.

Advanced Considerations and Alternative Methods

When to Use Exact Methods

If the sample size is small or \( \hat{p} \) is near 0 or 1, the normal
approximation may be invalid. In such cases, exact methods like the Clopper-
Pearson interval are preferable.

Adjusting for Finite Population

If the student surveyed a significant portion of a small population, a finite
population correction factor should be applied to the standard error.

\[ SE {finite} = \sqrt{ \frac{\hat{p}(1 - \hat{p})}{n} \times \frac{N - n}{N
- 1} } ]

Where N is the total population size.

Using Software Tools



Statistical software (e.g., R, SPSS, SAS) or online calculators can
streamline calculations, especially for complex scenarios or larger datasets.

Best Practices and Ethical Considerations

Ensuring Data Quality

- Pilot testing survey questions
- Training data collectors
- Verifying data entry accuracy

Ethical Conduct

- Obtaining informed consent
- Respecting confidentiality
- Avoiding coercion or pressure

Reporting Results

- Clearly stating the confidence level and methodology
- Including the sample size and response rate
- Discussing limitations and potential biases

Conclusion

The process of surveying fellow students to determine a 90% confidence
interval on a proportion is a practical application of fundamental
statistical principles. It encompasses meticulous planning, careful data
collection, rigorous analysis, and thoughtful interpretation. By
understanding each step—from designing the survey to calculating the
interval—the student gains valuable skills in empirical research and
statistical reasoning.

This exercise underscores the importance of sample represent
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