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Understanding probabilities in real-world scenarios helps us make informed decisions and interpret

data effectively. One common application is in transportation and customer service settings, where

analyzing waiting times can improve efficiency and customer satisfaction. In this article, we will explore

how to find the probability that a randomly selected passenger has a waiting time less than 0.75

minutes, simplifying the process step-by-step for clarity and ease of understanding.

Introduction to Probability and Waiting Times

Before diving into calculations, it is essential to understand some basic concepts:

What is Probability?

Probability measures the likelihood of an event happening, expressed as a number between 0 and 1.

A probability of 0 means the event will not happen, while a probability of 1 indicates certainty.

Understanding Waiting Times

Waiting time refers to the duration a passenger waits before being served or boarding. Analyzing these

times often involves probability distributions, especially when the data follows a pattern or randomness.



Key Concepts for Calculating Probabilities in Waiting Times

To find the probability that a passenger's waiting time is less than a specific value (0.75 minutes in this

case), we typically use the following concepts:

1. Probability Distribution

The distribution describes how waiting times are spread out over a range. Common distributions for

waiting times include the exponential distribution, which models the time between events in a Poisson

process.

2. Cumulative Distribution Function (CDF)

The CDF gives the probability that a random variable (waiting time) is less than or equal to a specific

value.

3. Simplification of Calculations

Often, the distribution parameters are known or estimated from data, enabling straightforward

calculations of probabilities.

Assumptions and Data Needed

To proceed, we need to make some assumptions or have data:

The waiting times follow an exponential distribution (common in modeling waiting times).



The average waiting time (mean) is known or estimated from data.

Suppose the average waiting time, denoted as \( \mu \), is known. This value helps determine the rate

parameter \( \lambda \).

Step-by-Step Calculation

Let's now outline the steps to compute the probability that a passenger's waiting time is less than 0.75

minutes.

Step 1: Identify the Distribution and Parameters

- Assume waiting times are exponentially distributed.

- Let \( \mu \) be the mean waiting time.

- The exponential distribution has the probability density function (PDF):

\[

f(t) = \lambda e^{-\lambda t} \quad \text{for } t \geq 0

\]

- The cumulative distribution function (CDF):

\[

F(t) = 1 - e^{-\lambda t}

\]

where \( \lambda = \frac{1}{\mu} \).



Step 2: Obtain or Estimate the Mean Waiting Time (\( \mu \))

Suppose data shows the average waiting time is 1.2 minutes:

\[

\mu = 1.2 \text{ minutes}

\]

Thus,

\[

\lambda = \frac{1}{\mu} = \frac{1}{1.2} \approx 0.8333

\]

Step 3: Calculate the Probability for Waiting Time Less Than 0.75

Minutes

Using the CDF:

\[

P(T < 0.75) = F(0.75) = 1 - e^{-\lambda \times 0.75}

\]

Plugging in the value of \( \lambda \):

\[

P(T < 0.75) = 1 - e^{-0.8333 \times 0.75}

\]



Calculate the exponent:

\[

0.8333 \times 0.75 = 0.625

\]

Now, compute \( e^{-0.625} \):

\[

e^{-0.625} \approx 0.5353

\]

Finally, the probability:

\[

P(T < 0.75) = 1 - 0.5353 = 0.4647

\]

Or approximately 46.47%.

Interpretation of the Result

This means that there is about a 46.47% chance that a randomly selected passenger will wait less

than 0.75 minutes, given the average waiting time is 1.2 minutes and assuming an exponential

distribution.

Generalization and Additional Considerations



The above method can be generalized with different parameters and distributions.

Using Different Distributions

- If waiting times follow a normal distribution, calculations involve the standard normal table.

- For other distributions like Weibull or gamma, the corresponding CDFs are used.

Estimating Parameters from Data

- Collect actual waiting time data.

- Calculate the mean and variance.

- Fit the data to an appropriate distribution.

Impact of Changing the Mean Waiting Time

- If the average waiting time increases, the probability of waiting less than 0.75 minutes decreases.

- Conversely, a smaller mean increases this probability.

Practical Applications of This Calculation

Understanding the probability that waiting times are below a certain threshold helps:

Optimize staffing and resource allocation.

Improve customer satisfaction by reducing wait times.



Design better queue management systems.

Estimate performance metrics for transportation services.

Conclusion

Calculating the probability that a passenger waits less than a specified time involves understanding the

underlying distribution of waiting times and applying the appropriate cumulative distribution function.

Assuming an exponential distribution, as often justified in waiting time scenarios, simplifies calculations

and provides useful insights. By estimating the mean waiting time and applying the exponential CDF,

we can determine the likelihood of short waiting periods, enabling better operational decisions and

enhanced service quality.

Summary of Key Steps

Identify the distribution of waiting times (commonly exponential).1.

Estimate the mean waiting time (\( \mu \)).2.

Calculate the rate parameter (\( \lambda = 1/\mu \)).3.

Use the CDF to find \( P(T < t) = 1 - e^{-\lambda t} \).4.

Plug in the values and compute the probability.5.



By following these steps, you can accurately assess the probability of waiting less than any given time,

aiding in process improvement and customer service optimization.

Frequently Asked Questions

What is the general approach to finding the probability that a

passenger's waiting time is less than 0.75 minutes?

The general approach involves identifying the probability distribution of waiting times, calculating the

cumulative probability up to 0.75 minutes, and simplifying the resulting expression.

Assuming the waiting time follows an exponential distribution with rate

λ, how do you compute P(X < 0.75)?

For an exponential distribution, P(X < 0.75) = 1 - e^(-λ 0.75).

If the average waiting time is 2 minutes, what is the probability that a

passenger waits less than 0.75 minutes?

Given the mean is 2 minutes, λ = 1/2. Therefore, P(X < 0.75) = 1 - e^(-0.75/2) = 1 - e^(-0.375).

How do you simplify the expression 1 - e^(-0.375) for probability

calculation?

You can leave it as 1 - e^{-3/8} or compute an approximate value: 1 - e^{-0.375} ≈ 1 - 0.687 = 0.313.

What assumptions are necessary to use the exponential distribution in



this problem?

Assumptions include that waiting times are memoryless, occur continuously and randomly, and the

process is stationary with a constant rate λ.

How does increasing the average waiting time affect the probability

that a passenger waits less than 0.75 minutes?

Increasing the average waiting time (which decreases λ) reduces the probability that a passenger

waits less than 0.75 minutes, since the exponential decay becomes slower.

Can this probability be calculated directly without knowing the

distribution? Why or why not?

No, because the probability depends on the specific distribution of waiting times; without knowing the

distribution or parameters, an exact calculation isn't possible.

Additional Resources
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Introduction

In transit systems worldwide, minimizing passenger wait times is a critical component of efficiency,

customer satisfaction, and operational reliability. Understanding the probabilistic nature of waiting times

helps transit authorities optimize scheduling, allocate resources, and improve user experience. This

article delves into the statistical problem: Find The Probability That A Randomly Selected Passenger

Has A Waiting Time Less Than 0.75 Minutes. We explore the foundational concepts, mathematical



models, assumptions, and step-by-step calculations involved in deriving this probability, providing a

comprehensive review suitable for transportation researchers, statisticians, and transit planners.

---

The Context and Importance of Waiting Time Analysis

Waiting time distributions are fundamental in modeling transit systems. They influence:

- Operational efficiency: Ensuring buses or trains arrive within expected intervals

- Customer satisfaction: Reducing perceived and actual wait times

- Resource allocation: Adjusting frequency and schedules dynamically

In many cases, waiting times are modeled as random variables, often assumed to follow specific

probability distributions based on observed data or theoretical considerations.

---

Fundamental Concepts in Waiting Time Probability

Before addressing the problem directly, it is essential to understand key concepts:

- Random Variable: A variable representing waiting time, denoted as \( T \).

- Probability Distribution: The function describing the likelihood of different waiting times.

- Cumulative Distribution Function (CDF): \( F_T(t) = P(T \leq t) \), giving the probability that the waiting

time is less than or equal to \( t \).

- Probability Density Function (PDF): \( f_T(t) \), the derivative of the CDF, representing the likelihood

density at each \( t \).

The goal is to evaluate \( P(T < 0.75) \), which, for continuous distributions, equals \( F_T(0.75) \).



---

Modeling Waiting Times: Assumptions and Distributions

Choosing an appropriate distribution depends on empirical data and the nature of the transit system.

Common models include:

- Exponential Distribution: Suitable for memoryless processes, where the probability of waiting time

depends only on the current state.

- Normal Distribution: Applied when waiting times are symmetrically distributed around a mean.

- Log-normal Distribution: For positively skewed data, typical of waiting times in real systems.

- Weibull Distribution: A flexible model that can adapt to various shapes.

Assumption: Exponential Distribution

For many transit systems, the exponential distribution is a standard starting point due to its simplicity

and the memoryless property.

Exponential Distribution PDF:

\[

f_T(t) = \lambda e^{-\lambda t}, \quad t \geq 0

\]

CDF:

\[

F_T(t) = 1 - e^{-\lambda t}

\]

where \( \lambda > 0 \) is the rate parameter, representing the average number of arrivals per minute.



---

Determining the Rate Parameter \( \lambda \)

The rate parameter \( \lambda \) reflects the average waiting behavior:

- Mean waiting time: \( \mathbb{E}[T] = \frac{1}{\lambda} \)

Suppose, based on historical data, the average waiting time for passengers at a specific stop is 1

minute. Then:

\[

\lambda = \frac{1}{\mathbb{E}[T]} = 1

\]

This simplifies calculations and allows us to derive probabilities directly.

---

Calculating the Probability \( P(T < 0.75) \)

Given the exponential model and \( \lambda = 1 \), the probability that a randomly selected passenger

waits less than 0.75 minutes is:

\[

P(T < 0.75) = F_T(0.75) = 1 - e^{-\lambda \times 0.75} = 1 - e^{-0.75}

\]

Calculating:

\[



e^{-0.75} \approx 0.4724

\]

Therefore:

\[

P(T < 0.75) \approx 1 - 0.4724 = 0.5276

\]

or approximately 52.76%.

This means, under the exponential model with a mean wait time of 1 minute, there is about a 52.76%

chance that a randomly selected passenger has a wait less than 0.75 minutes.

---

Extending the Model: Considering Different Distributions and Scenarios

While the exponential distribution provides a convenient approximation, real-world data may suggest

different models.

1. Normal Distribution Model

If empirical data indicates a symmetric distribution around the mean, with known standard deviation \(

\sigma \), the probability can be computed using the standard normal distribution:

\[

Z = \frac{t - \mu}{\sigma}

\]

Suppose \( \mu = 1 \) minute, \( \sigma = 0.2 \) minutes:



\[

Z = \frac{0.75 - 1}{0.2} = -1.25

\]

Using standard normal tables:

\[

P(T < 0.75) = \Phi(-1.25) \approx 0.1056

\]

Thus, approximately 10.56% of passengers wait less than 0.75 minutes, significantly lower than in the

exponential case.

2. Log-normal Distribution

If waiting times are positively skewed, a log-normal distribution might be more appropriate.

Calculations involve the parameters \( \mu_{ln} \) and \( \sigma_{ln} \), derived from data, and the

probability is:

\[

P(T < 0.75) = \Phi \left( \frac{\ln 0.75 - \mu_{ln}}{\sigma_{ln}} \right)

\]

which requires empirical data fitting.

---

Practical Implications and Real-World Applications

Understanding the probability that wait times are below a specific threshold informs:



- Service Level Agreements (SLAs): Setting targeted wait time thresholds

- Scheduling: Adjusting frequency to meet desired probabilistic thresholds

- Passenger Satisfaction: Ensuring a high percentage of passengers experience minimal waits

- Resource Planning: Allocating vehicles and staff based on probabilistic demand

For example, if transit authorities aim for at least 70% of passengers to wait less than 0.75 minutes,

they can adjust service parameters accordingly based on their modeled distribution.

---

Limitations and Considerations

While mathematical models offer valuable insights, real-world data often exhibits variability and

anomalies:

- Data quality: Accurate measurement of waiting times is crucial

- Temporal fluctuations: Peak vs. off-peak periods differ significantly

- External factors: Weather, events, or disruptions can alter typical waiting patterns

- Model assumptions: The choice of distribution impacts probability estimates

Hence, ongoing data collection and model validation are vital components of effective transit

management.

---

Conclusion

Find The Probability That A Randomly Selected Passenger Has A Waiting Time Less Than 0.75

Minutes involves understanding the underlying distribution of waiting times, selecting an appropriate

model, and performing the corresponding probability calculations.



- Under the simplified assumption of an exponential distribution with a mean wait time of 1 minute, the

probability is approximately 52.76%.

- Alternative models, such as the normal or log-normal distributions, can yield different probabilities

based on empirical data.

- Accurate modeling supports better decision-making, resource allocation, and passenger satisfaction

in transit systems.

By applying statistical reasoning and data-driven modeling, transit authorities can optimize schedules

and improve service quality, ensuring that a greater proportion of passengers experience minimal

waiting times. Continuous data analysis and model refinement remain essential for adapting to real-

world complexities.

---
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Note: The numerical examples provided are illustrative. Actual probabilities depend on specific transit

system data and should be computed based on real-world measurements.
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