Lesson Title: Improving West Corridor Design

Grade Level: 10 (9-12)

Time Required: 100 minutes (two 50 minute class periods)

Lesson Dependency: This lesson uses the FasTracks Living Lab

Keywords: graphing, statistics, data, design, transit, trains

Summary: This lesson uses the FasTracks Living Laboratory, a web portal to interactive train
(transit) traffic data for a major metropolitan city. In this lesson, students will first evaluate
whether a particular section of the transit system is functioning in an efficient manner and
whether it is meeting design requirements. Then, students will suggest design improvements and
evaluate whether they make a positive impact on the performance of the transit system.
Throughout this lesson, students will work with real-world data, prepare and interpret graphs,
analyze various scenarios, and develop creative solutions to existing problems. Your students
will need access to computers and the Internet to complete this lesson.

Engineering Connection: Transportation engineers are responsible for designing and
operating the systems that deliver people and goods, including rail, highways and roads, and air
traffic. Transportation engineers must design systems that are efficient, systems that move people
and goods quickly, safely and cost-effectively. Your students will be fully immersed in
transportation engineering during this lesson.

Associated Activities

Activity One: Design Criteria

Activity Two: Graphing the West Corridor Data
Activity Three: Analyze the Data

Activity Four: How do we improve the System?

National Educational Standards
National Science Educational Standards:
A. Science as Inquiry
E. Science and Technology
National Mathematics Standards:
Number and Operations
Problem Solving
Data Analysis
Connections
Measurement

Learning Objectives
After this lesson, students should be able to:
e Use the Internet to collect data




Perform statistical analysis and algebraic manipulations on data
Prepare graphs and tables to summary trends and meaning in data
Interpret and analyze data, graphs and tables

Identify problems with a system and suggest improvements.

Introduction/Motivation

The west corridor of the FasTracks citywide transit system may not be operating as effectively as
it could be. Passengers want to be reassured that taking the train to work is better for them than
driving their car. Conversely, the owners of FasTracks (the city) want to be sure that the trains
are providing the required passenger service in a cost effective manner. The city wants to hire
your student teams to assess the west corridor and determine if it is meeting design requirements.
And if not, the city wants your student teams to suggest and test some improvements to fix the
system.

As an introductory activity, have students brainstorm ideas regarding “what do you know about
flow rates?” and “what are examples of everyday situations in which it would be important to
understand flow rate?”

Lesson Background & Concepts for Teachers

Design Criteria
Whenever engineers are hired to develop a new product (e.g., voice recognition
software), design and build a new structure (e.g., the Chunnel), or improve the day-to-day
operations of an organization (e.g., people flow at DisneyWorld), the first thing they must
do is develop the criteria for a successful design.

FasTracks Living Lab
Teachers need to have a fair working knowledge of the FasTracks Living Lab (accessible
through TeachEngineering.com) before implementing this lesson in the classroom. The
brief online users guide will help you better understand the Lab; however, the best way to
learn is just to poke around! We recommended that you work through this activity before
implementing in your class.

Lesson Closure

A great way to end this lesson is to have a class discussion about (1) what was wrong with the
west corridor operation, and (2) the various recommendations of the different teams. It’s always
beneficial to have peer-review and constructive criticism of student work. It’s instant feedback
and from a source other than the teacher.

Assessment

Grade the intermediate homeworks, final presentations or final reports. In addition, you could
give them a scenario where traffic demand will increase substantially (e.g., Sunday football game
downtown) and ask them to design changes to the system.



Lesson Extension Activities
The extensions are limitless. Students could perform similar analysis for other trains, stations,
and routes.
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Activity One: Establish the Design Criteria

Before the West Corridor transit system was constructed, it typically
took people 30 minutes to drive the 20 miles from the Jeffco
Government Center to downtown (Union Station area). The fuel
economy of the average vehicle is 20 miles/gallon. In addition, the

average commuter would pay $90/month for downtown parking.

1. Estimate the total transportation cost per month for a commuter from Jeffco
Government Center to Union Station. Assume the following conditions:

1. One person per car

2. They drive 20 days/month

3. They would own their car irrespective of whether they commuted
Assuming $2.10 per gallon for gas, gas cost = 40 miles/day * 20 days/month *

1 gallon/20 miles * $2.10/gallon = $80.40

Parking cost = $90/month
Vehicle wear and tear = $100 to $300/month (estimate)

Total cost = Gas Cost + Parking Cost + Vehicle Wear

2. If you own the train system, how much would you charge passengers riding
from Jeffco Government Center to Union station and back? Justify your answer.
Cost to drive car: $170 /20 = $8.50 per round trip

Target = 50% of car travel cost =.5 * 8.5 = $4.25 for round trip ticket

3. What should the design travel time from Jeffco to Union Station be? Justify your

ansSwer.
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Travel time should be < travel time by car. The faster the train is in comparison to
the car the more attractive the train will be to riders. The travel time by train should

also include the wait time when comparing it to the travel time by car.

4. What should the maximum “wait time” at Jeffco be? Justify your answer.

The wait time should be < about 5 minutes. People do not like to stand or sit at a
station doing nothing for too long, particularly when they are rushing to or from
work. The wait time will be included in the travel time by train, so an long wait
time would have to be made up by a short in-transit time. However there are limits

to how fast a lightrail train can travel safely.

5. What should the percent occupancy of the trains be from the perspective of a
rider? Be sure to justify your answer.

Riders would like to have plenty of room to choose a seat and not feel crowded by
other passengers. About 50% occupancy or less would be ideal for passenger

comfort.

6. Given the criteria you have established for passengers in terms of travel time,
wait time, and cost per trip, define what the criteria for operation should be from
the owner’s perspective. Be sure to explain your answers, not simply give a
number.

Travel time:

The operators would like the travel time to be low, so that the system is attractive
to riders. A 15 minute in-transit time would be considered reasonable.

Wait time at JeffCo or Union Station:

The wait time should be as close to 5 minutes as possible without going over. This
way, fewer trains need to be run along the line, which costs the operators less.
Operational cost per trip:

© TeachEngineering 2005. All Rights Reserved. 2
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Note: operational cost include debt repayment, maintenance, electricity, etc.

The operational cost per trip must be lower than the sum of the fares collected per
trip.

Percent occupancy of trains:

To maximize revenue per trip, the owners would like to have the trains as full as
possible, but not so full that passengers are uncomfortable and cannot find a seat.

A good target value would be around 90% occupancy.

© TeachEngineering 2005. All Rights Reserved. 3
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Activity Two: Graphing the West Corridor Data

To identify problems that might exist with the current design of the
system, it is helpful to plot important operational parameters in the
form of graphs. These graphs will help you analyze the effectiveness
of the west corridor system in meeting design criteria both from a

passenger's perspective and an owners.

1. Using the grid below or your own graph paper, choose a station on the west
corridor and plot the total number of inbound passengers waiting at that station
versus the time of day over the 7:00am to 9:00am rush hour period.

Station Name: Sheridan
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2. Answer the following questions. Please show your work.

What is the maximum waiting time at the station?

30 minutes (7:46 - 7:16)

What is the average wait time?

Nearly the same

What percentage of passengers have a wait time greater than 5 minutes?

342 passengers wait for more than 5 minutes / 396 passengers move through the

system during this time = 86.36%

3. Using the grid below or your own graph paper, plot the travel time to Union
Station for each of the stations along the west corridor. (Hint: this information is

actually recorded in the trains, not the stations)

Travel Time to Union Station

0:17

c 0144 []

= —

s

®  0:11 —

c

o —

=

O  0:08 +

° —

o —

£ 0:05 ]

|

2

©  0:02 -

) I m
0:00 T O

X < N Q \
Q(\@ X N LA & ,bé‘(b ;\b Q@*‘ {5\ 6Q’ Q\<zf°
ONEN N Y & 2 © <@
) & > &) Q,.b CO‘Q ‘\\rb'
¢ N o
<

Station Name

© TeachEngineering 2005. All Rights Reserved. 5



Improving West Corridor FAS MCKS

e —— 7 7 T T
4. Using the grid below or your own graph paper, plot the number of seats

occupied in a train of your choosing versus the time of day.

Train number: 1

Number of Seats Occupied on Train Number 1
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Number of Passengers Onboard Train

Time of Day (am)

At peak time, what is the percent occupancy?
100%
At low time, what is the percent occupancy?

Around 3%

5. Answer the following questions. Please show your work.

What is the frequency of train arrivals at JeffCo Center? Does this frequency
change throughout the day?

A train arrives at JeffCo Center every 29 minutes. (6:38 - 6:09 = 0:29)

No this frequency does not change during the day.
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How many stops does a train leaving JeffCo Center make on its way downtown?
12 including Union Station

How many cars does a train going from JeffCo Center to Union Station have?
Does this change throughout the day?

Four trains capable of holding 200 passengers. No, the capacity does not change

throughout the day.

© TeachEngineering 2005. All Rights Reserved. 7
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Activity Three: Analyze the Data

An important part of a transportation engineer's work is to determine
if a system is meeting the passenger's and owner's requirements, that
is, the design criteria. The following questions will take you through an

analysis of the system's performance.

1. Is the system currently meeting the design criteria for passengers? Why or why
not? Specifically address the following:

Travel time:

Travel time is satisfactory. It only takes about 15 minutes to travel the entire length
of the west corridor.

Wait time:

A train only arrives about every 29 minutes. This is not an acceptable wait time
given the five minute design criteria.

Percent Occupancy:

At times, the trains are critically overloaded and cannot take everyone waiting at

the station. This is uncomfortable and inconvenient for passengers.

2. Is the system currently meeting the design criteria for the owners? Why or why
not? Specifically address the following:

Travel time:

The travel time is right on target for the owner's expectations.

Wait time:

The wait time is entirely too high according to the operator's design criteria. The
operators need to add more trains to the line to get lower wait times.

Percent occupancy of trains:

© TeachEngineering 2005. All Rights Reserved. 8
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The occupancy of the trains is very low most of the time. This makes the system
very inefficient and costly to operate. To increase efficiency, each train should

have more people aboard before it departs.

3. When is the system's ability to meet passenger needs being stressed the most?
Why is this occurring?

The system is stressed most when rush hour occurs. Many people are showing up
to the station, and the trains do not have enough capacity to handle the sudden
influx of people. Some people are not even able to board the train because it is

already full when it arrives at the station.

© TeachEngineering 2005. All Rights Reserved. 9
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Activity Four: Improve the System

One of the most vital functions a transportation engineer performs is
to recommend changes to the system design to improve performance
and compliance with the design criteria. You should now be able to
combine your knowledge of the design criteria, the systems current
performance, and the weak points in the systems design to identify
portions of the project that need improvement and suggest ways to

solve these problems.

1. Identify the design criteria that are NOT being met by the current west corridor
design.
An argument can be made that only the travel time is meeting expectations. All of

the other design criteria are not being met.

2. Summarize your suggested improvements to the west corridor system.

Increase the number of trains running on the corridor to reduce wait time and
alleviate sudden surges in ridership during rush hour periods. These extra trains
could be pulled off of the line when the ridership is low during off periods. Also,
traffic during rush hour could be alleviated by expanding the capacity of the trains

with additional cars. These cars could be dropped off during low ridership periods.

Test Your Solution:

3. Assume that you increased the frequency of trains to decrease the wait time at
each station. Replot the data from activity two with the new wait time.

An example (answers could vary greatly on wait time chosen) :

© TeachEngineering 2005. All Rights Reserved. 10
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4. Using the data from question three, plot the occupancy of a train (with your

prescribed number of cars) traveling inbound during morning rush hour and

outbound during afternoon rush hour.
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An example:

Number of Seats Occupied on Train Number 1
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