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Abstract



Mass transportation has been growing over time, but it is not being utilized to its full
potential. Using Portland as the case study we would try to develop a system that would
help increase the ridership of the existing transport system. The main problem we are
addressing is that the train or Trimet is not able to serve the passengers who live or work
far away from the max stations. There could be many reasons why someone would not
want to use public transportation, including rush at the peak hours, safety and other
problems. So, in this paper we have developed a framework to design a system that relys
on what the customer needs are using the QFD model.

Our task is to implement an innovative transport system, which consists of multiple riders
with a custom pickup and drop off solution with the goal of increasing mass transport
usage.

The project supports the public transportation mission to work cooperatively to provide
safe, reliable and efficient movement of people. In this case we are trying to improve
upon the present transportation solutions there in the market based on the user
suggestions through surveys by implementing QFD. The solution to increase transit
ridership is to provide them a transport solution which would take them from where they
are to where they want to go at the time they want to go with high speed of travel and
with a very high frequency with reliability in a safe and healthy environment.

The goal for the team was to develop and test a framework for developing a hybrid
transport system. One of the concerns that we wanted to address was that the current
transport systems suggested a need for a ‘transition’ or radical systemic change towards
sustainable transport [18]. Due to the potentially radical nature of hybrid mass transport
systems, the slow moving pace of innovation in the transportation industry, and the high-
cost, high-risk nature of transportation capital projects, we wanted to ensure that the
framework produces value propositions that are likely to succeed.

Various tools were adopted in the development of a framework for capturing value the
first being the gap analysis tool. Another tool used was the technology acceptance model
(TAM) proposed for acceptance of information technology [19]. (Appendex 13) The
TAM itself, is a derivative of the theory of reasoned action, was used in the framework
because of the proposed hybrid systems inherent reliance on information systems. We
also utilized the quality function development process (QFD), a quality tool and planning
method developed to integrate customer requirements into product design [20].

The framework was used in a case study of the Portland metro area to determine the
viability of such a system in the region.

The mission of mass transit is to increase the mobility of the residents, by paying more
attention to transport requirements for people who are able to provide their own transport.
Transit users are divided into 2 groups:

1) Transit Dependent Users: This group consists of old and physically challenged

people and also by people who do not have access/ability to drive an Automobile.
2) Choice Riders: This Group consists of People having access and ability to drive
an automobile.



Although in the real world, there are many shades to a pure transit dependent and pure
choice rider. There are many factors that come into play like availability, quality and
price for a person to be a pure transit dependent or a choice rider.

As per APTA (American Public Transportation association) [7] a public transportation
rider in Portland, can save up to $8,988 annually by taking public transit instead of
driving based on march 5, 2009 gas prices and the unreserved parking rate. In addition to
the annual transit saving, commuters riding public transit are eligible to receive a
maximum transit benefit of $230 per month increased from $120 per month from the
employer. The change is a part of the economic stimulus package passed by congress and
signed into law by president Obama. APTA’s “Transit saving Report” calculates this
month’s savings for the public transit users in Portland at $749 per month based on the
gas price of $1.933 as reported by AAA are still $1.245 lower than last year. Given below
is the report replicated from the article published in form of table” Top Twenty Cities —
Transit Saving Report”

Top Twenty Cities — Transit Savings Report

City Monthly Savings | Annual Savings 11 | Cleveland $755 $9,064
1 | Boston $1,036 $12,428 12 | Portland $749 $8,988
2 | New York $1,032 $12,390 13 | Denver $734 $8,811
3 | San Francisco | $960 $11,516 14 | Baltimore $720 $8,635
4 | Chicago $875 $10,497 15 | Los Angeles $701 $8,416
5 | Philadelphia $861 $10,333 16 | Miami $685 $8,222
6 | Seattle $856 $10,274 17 | Dallas $681 $8,169
7 | Honolulu $836 $10,033 18 | Las Vegas $675 $8,105
8 | Washington DC | $794 $9,530 19 | Atlanta $669 $8,033
9 | San Diego $772 $9,268 20 | Pittsburgh $630 $7,556

10 | Minneapolis $766 $9,198

Methodology involved here is as follows: APTA calculates the average cost of taking
public transit by determining the average monthly transit pass of local public transit
agency across the country. The assumption is that a person making a switch to public
transportation would likely purchase an unlimited pass on the local transit agency,
typically available on a monthly basis. APTA compares the monthly average transit fare
to monthly average cost of driving. The cost of driving is derived from 2008 AAA cost of
driving formula. AAA cost of driving consists of cost of gas, maintenance and gas. Fixed
cost includes insurance, license registration, depreciation and finance charges. APTA also
has a website where one can calculate individual saving with or without car ownership.

So basically what transit can do is provide transit to transit dependent. If a certain choice
rider wants to use transit, and it’s good for them, we certainly should not push them
away. However, the worst thing about transit for the choice rider is that it cost more to
use transit than his own vehicle, unless he is provided everything he wants in transit
system. In order to attract a choice rider, he/she must be presented with a transit option



that goes from where he/she is to where he/she wants to go, when he/she wants to go, at a
high speed of travel, with high trip frequency, in a comfortable environment, and with a
very high reliability.

We studied several different existing systems to become more knowledgeable on the
possibilities of a hybrid transport system. The following sections are brief summaries of
the systems that we researched.

1) Dial a Bus (Demand — Activated Bus System) :

A major failing of the public urban transportation today is its inability to provide
adequate services in lower density areas. In some parts of the urban area or small city
the travel demand is too small to support any kind of transit operation hence is
economically infeasible. Rail systems are expensive and technological not suited for
low volume of demand. Ordinary buses cannot maintain frequency for such low
volume of travel demand. Thus what is needed is a dynamic public transit system
responding to needs of the areas. A system whose routes and schedules are both
flexible and ubiquitous.

The Dial a Bus is a hybrid between an ordinary taxi and a bus. It would pickup
passengers at their doors or nearby bus stops shortly after they have telephoned for
the service. The computer would know the location of the bus, where it is headed and
how many people are travelling on it. The system would select the right kind of
vehicle and dispatch it to the caller based on some optimal routing program which
had been devised for the system.

A Dial-a-Bus with its position established by automatic vehicle monitoring can be
routed by a computer and a communication link to collect passenger who have called
for the service. With its operational flexibility, Dial-a-Bus system could be
programmed to give different levels of service for different fares.

Major Advantages of Dial-a-Bus are

-Handle door to door demand at the time of demand. This would make it capable of
doing more off peak business than does the conventional transit

-1t would reduce dependence on automobiles

Dial-a-Bus would be more efficient if it had automatic monitors to report each vehicle
location to the dispatchers at frequent intervals. The cost of such a system depends on
many variables. These include the nature of street system, the speed, the distribution
of demand and the size of the area served. So the most uncertain of these variables are
travel demands and no of trips per hour per square mile.

Dial-a-Bus system would be most efficient at demand density of 100 trips per square
mile per hour — A level barely practicable for the conventional bus service.

2) Van Pooling Service: ( e.g.: TMA group in Franklin Tennessee)



The second option is Van pooling services for the choice riders of the transit system.
Like the TMA group there are many groups which offer comprehensive services and
resources to commuters who wish to van pool, whether or not their existing
employer’s have an existing van pool program in place.

Van pools are group of five to fourteen commuters who share the ride to work, one of
the commuter is the driver, rider share the monthly fare of the van. The monthly fare
covers insurance, maintenance and depreciation. An additional savings is incurred by
tax free gasoline. Each van pool sets its own route and schedule. Most VVans have
common meeting points, which reduce the overall travel time and expense.

A lot of individuals like the idea of sharing commute, but are worried about being
stranded with the ride in case of unplanned emergency. The emergency ride home
program provides a free ride home using taxis(trips up to 25 miles) and rental cars for
registered participants who van pool a minimum of three times per week and have an
unplanned emergency.

The TMA group assists in all phases of process including determining the feasibility
of starting a van pool, coordinating van pool information and assisting in recruiting
passengers.

3) Smart Car Sharing:

Through car sharing, individual can have access to a shared fleet of vehicles owned
by an agency for multiple uses throughout the day without the cost and responsibility
of ownership. Shared vehicles are available at transit stations, neighborhoods,
campuses, employment centers and resorts. Car sharing can be thought of as
organized short term car rental. Shared-use cars provide instant and convenient access
to destinations that are not conveniently accessible by transit. The goal of car sharing
is to reduce traffic congestion, air pollution and government spending. Car sharing
fleet of vehicles could also be made up of ultra low emission, energy efficient cars.
Sharing vehicles would lessen the demand for parking space.

Advances in smart technologies have many benefits for both public transportation
agencies and private firms managing fleets. There are several smart technologies
bundled into such a smart system. One of the important technologies is Automatic
Vehicle Location (AVL) which use global positioning system to locate the vehicle
and also Advanced Traffic Management System (ATMS). Smart cards or keys
containing memory and a microprocessor allow access to the reserved vehicle and
relay the billing and reservation information to the vehicle and ATMS.

4) Curitiba's Bus System is Model for Rapid Transit [10]

The popularity of Curitiba’s BRT has affected a modal shift from automobile travel to
bus travel. Based on 1991 traveler survey results, it was estimated that the
introduction of the BRT had caused a reduction of about 27 million auto trips per
year, saving about 27 million liters of fuel annually. In particular, 28 percent of BRT
riders previously traveled by car. Compared to eight other Brazilian cities of its size,



Curitiba uses about 30 percent less fuel per capita, resulting in one of the lowest rates
of ambient air pollution in the country. Today about 1,100 buses make 12,500 trips
every day, serving more than 1.3 million passengers—50 times the number from 20
years ago. Eighty percent of travelers use the express or direct bus services. Best of
all, Curitibanos spend only about 10 percent of their income on travel—much below
the national average.

Curitiba's bus system is composed of a hierarchical system that includes a range of
services from small feeder minibuses to conventional buses. The backbone of the bus
system is composed of express buses operating on five main arteries leading into the
city center. This backbone, aptly described as Bus Rapid Transit, is characterized by
the following features:

Integrated planning

Exclusive bus lanes

Signal priority for buses

Pre-boarding fare collection

Level bus boarding from raised platforms in tube stations

Free transfers between lines (single entry)

Large capacity articulated and bi-articulated wide-door buses

Overlapping system of bus services

Even with one automobile for every three people, one of the highest automobile
ownership rates in Brazil, around two thirds of Curitiba's inhabitants use transit daily
to commute to work. Curitiba enjoys one of the lowest rates of ambient air pollution
in Brazil, and uses about 30 percent less fuel per capita when compared to other
Brazilian cities.
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The first third of the chart are steps to develop the gap analysis. This has to do with
gathering customer perspective. As stated by William W. Scherkenbach, “The purpose of
QFD is to deploy the quality necessary to satisfy and even delight the customer. Thus,
obtaining the voice of the customer is the focal point of the QFD process.” [11] We
centered our research and objectives on using customer generated data as well as expert
generated data.

The first step was to develop a gap analysis of the proposed system. (Appendix 1) As a
team of experts, we brainstormed in two categories: current system capabilities and
customer and business needs. We found in the current system capabilities, that the
system was working well and designed well, but the system was too rigid to meet the
needs of a much larger customer demographic. By examining the current system
capabilities, we were able to design features that took advantage of the current
technologies out there. For example, DHL delivery service has existing software that is
used for route optimization, and we could also count on the fact that a large percentage of
the population has access to a cellular phone that could be used for online and text ride
setup. By analyzing these current capabilities, we were able to add features to our system
without having to develop new technologies.

We also brainstormed customer and business needs so the new system will be designed to
solve the current unfulfilled needs. From the customer side, we looked at what the new
system’s features would need to be for us to want to use the system. For instance, the
system needs to be reliable, flexible, and robust enough for us to consider taking mass
transit over personal transportation. We also require short waiting times and a user
friendly system for pick-up reservation. From the business perspective, we need the new
system to integrate easily into the current system. We also want the new system to
increase the number of users on the current system and increase the MAX line profits.

By cross analyzing the needs and the capabilities, we came up with the gaps or features
that would be required to implement the new system. By using the gap analysis tool we
were able to pin point the features that were necessary and eliminate spending time and
money on developing features that would not create much value for the system.

The next step is to capture customer perspective. The purpose of the customer
perspective is to look at the features that our experts have come up with and gather
customer opinion about how important each feature is. We took two approaches to come
up with an accurate customer opinion. We gathered data from typical users of mass
transit’s current system as well as data from non-typical users. We formatted a single
survey to capture the customer’s preference and valuation of the different features.
(Appendix 2) The survey consisted of about twenty questions that were meant to be
answered in about 5 minutes. The first group of participants was students at PSU. This
was the group of non-typical transit riders. Their answers varied greatly, and gave us a
good idea of how well the idea would be picked up on by potential riders. The second set
of surveys was gathered from typical users of the MAX system. We went on site to the
Beaverton Transit Center and surveyed people as they waited for the MAX and busses.
We received exceptional results and encouragement from these users because the



Beaverton Transit Center is a different type of station that does not provide for park and
ride. So these users are required to get a ride, walk, or take a bus to get to the station.
Many of these users desired a system like what we were proposing, and they had great
input on what features were important or not.

After we gathered the survey data, we broke down the results into spreadsheets to be used
in the house of quality (HOQ) section of the process. (Appendix 3)

Building the Hybrid Transport System HOQ

The customer needs from the survey data were combined with the customer needs data
produced by the group of experts. The survey needs represented the stated needs while
the expert’s needs represented the customers unstated needs. It was important to include
the unstated needs because some needs may be perceived as obvious and may not come
up in a survey but are critical to the success of the service. These unstated needs were
categorized according to the technology acceptance model (TAM)’s perceived ease of
use and perceived usefulness. (Apendix 4) Simple range based scoring, one to five scale,
was used to determine the importance of the needs criteria from the VOC. Range based
scoring is an effective way of quickly getting user preferences which was essential when
surveying commuters. The method, however, assumes linearity, which may sometimes
dull the responses. In our case, we thought it more suitable than pair-wise comparisons in
capturing the essence of the VOC. For each of the customers stated criteria evaluated, the
importance was calculated as:

5
importance =1/N)_i*n
i=1
Where
I = criteria score
n = criteria score count
N = survey sample size (26 for regular and 23 for non-regular users)

The values created represent the merit due to each need criterion. The unstated needs
identified by the focus group were also scored on the same scale. The average of the
scores from the unstated needs, generated by the expert group, were assumed to be of
equal importance for the two groups of users. The needs were then weighted and non-
regular users given a 20% stronger voice. This was done because the goal of the exercise
was to increase the user base by capturing the VOC. The importance to the customer was
then calculated as a proportional score of the two user groups. (Appendix 5) The hybrid
transport system was benchmarked against the alternatives according to how well the
needs identified in the VOC are met. The alternatives used were Trimet, private vehicle
or taxi, and car pooling systems. Targets were set and each alternative assessed for
compliance on a scale of 1 to 5, with 5 being full compliance down to 1 for no
compliance. (Appendix 7) The VOC needs, defined as the “what’s” in conventional QFD,
were addressed by the critical to quality (CTQ) criteria, defined as the “how’s”, identified
by the focus group. The CTQ were a combination of specifications that encompasses the
system level feature sets to be deployed to meet the user needs. The calculation for the



percent importance for each component was calculated using the formula shown below
[13]

%Ix =100)" [(%Cx;)(%l,)
i=1
Where
% Ix = impor tan ceof componentx
%Cx, = percentimopr tan ceof componentxto functioni

%I, = percentimpor tan ceof functioni

These feature sets were also benchmarked and assessed for target compliance for the
different alternatives. (Appendix 8)

Correlations and Interactions

The next step was to fill out any correlations between the “what’s” and the “how’s”. The
correlations were scaled from of 9 down to 0 with 9 being strong correlation, 3 being
some correlation, 1 being possible correlation and 0 being negative correlation.
(Appendix 10) The interactions between the CTQ’s resulting from their optimization
were also captured and used to form the roof of the house. The interactions were scaled
from -3 to 3 for negative to positive interactions. An example is a positive interaction in
vehicle size and the wait times; increasing vehicle size leads to more stops and therefore
increased wait time. (Appendix 9)

Results

The results of the exercise are captured in the house of quality. (Appendix 11) The VOC
section of the house shows the needs ranked by importance. This is helpful in
communicating the high impact areas that need to be addressed if the hybrid system is to
be accepted by the users. For the Portland metro area, making mass transit easier to
access was found to be the most important need to be addressed followed by providing a
safe feeling and being eco friendly. The house of quality also shows the CTQ’s ranked by
order of importance in meeting the customer’s needs. The CTQ’s most critical to the
success of the Portland hybrid transport system are shown below.

Top CTQ’s by Importance



CTQs Importance (Top CTQs)
[1h]) Importance
m
CTQs 2 £ o Measure
sl 8 5
S| E| o
:u:',e. 2?-»2, 4?5 Efaa af»& 1-:;% 12}% 14|% 1€i%
2.1 Vehicle size O | 1639% 10 # Seats
2.2 Reservation systems ) T 16.15% 3 score
-
1.5 Intergation T 15.82% 95 Percentage
-
1.4 Radius O | 1491% 5 Miles
1.1 Wait time l 10.42% 8 Minutes
2.3 Payment systems T 6.70% 24 score
1.2 Delivery time l 5.28% 5.4 Minutes
3.1 Personal safety T 5.59% 5 score
1.3 Accuracy ) T 487% 100 Percentage
3.2 Data Safety T 2.86% 5 score

Optimizing the vehicle size is the most important factor in meeting the customer needs.
This will close the biggest gap in customer satisfaction. The modes of making
reservations are the next important factor. In the survey, nearly half of potential
customers surveyed preferred online reservations. (appendix 1,2,3)

The next section of our process will take the outputs from the QFD HOQ process and
perform a few final checks on it. We will take the features list from the HOQ and
analyze that by checking to see if they are feasible. This is a highly important part of the
QFD process. Professor Brent Flyvbjerg from Denmark, stresses the importance of
accurate forecasting and feasibility studies [12]. He mentions that almost all
transportation projects are over estimated for demand. We use his advice to put together
a detailed analysis of the costs and risks of each feature, and analyze the business
constraints before proposing the next set of features. We look at each feature and first
look at the risk per benefit and cost benefit, to see if the feature is worth adding to the
proposed system. If the costs come in way too high or the risk effects the reliability of
the system too greatly, the feature might have to be scrapped or reworked. On the same
note, if a feature will be affected by too many business constraints, it will have to be re-
analyzed. For example, one of our features was to limit the number of stops on the mini-
bus. If we determine that it will take too many resources to cut back on stops, that feature
will have to be altered to make the system more efficient.

The final step is to gather more customer data. This time we will be asking the customers
to evaluate the system after it has gone through the QFD process. This will consist of
more detailed questions about the specific features and how helpful they will be. We are
trying to find out if the new system will meet the requirements of the consumer even after
it has been re-scoped. For instance, we will look at determining if a scrapped feature will
affect the overall performance of the system and if the customer will still be interested in



the final product. This data will be gathered by more surveys and interviews from
potential users, experts, and stakeholders.

By following the value capturing framework process, we were able to get a list of the
features needed for integrating a hybrid system to accompany the traditional bus and max
lines. One benefit to developing a framework is that it can be used in different
metropolitan areas to develop similar systems, but where there would be different system
requirements. For example, you can gather survey data from consumers in Phoenix.
Then you can follow our steps to input the data into the HOQ and you will have an
outcome that is suitable for that city.

Another benefit to following the framework is that you can count on better forecasting
accuracy, by having multiple experts and system consumers adding valued information to
the system. The definition of value is getting a lot for very little and by following the
QFD process you maximize the amount of value you can get from a system.



Appendix

Section 1.
Gap Analysis
Needs Capabilities Gaps
= Minimize stops, waits, and * " Route optimization systems »  Candidate Systerns are not  fully
effort to get to commute and software
»  Reliability/Robustness i tested or proven
= Easily incorporate with ] EX'.S.tl.ng mfrastructure and = Current systems are too rigid
currert systerm facilities .I|ke the hax »  Higher capacity systerns
*  The public access to .

Economic crisis (limited
resources)

= Flexibility (Easy to modify

routes, schedules, coverage communication

areas) technologies like the = Fewer commuters (limited revenues)
*  Approval by relevant internet, cell phones *  Learning Curve with new systems
athorities *  Public awareness of gaps . Personal
= Economical feasibility : )
) = Lack of trust in public transport
= User Friendly
systems

= Personal
=  Feel safe

Section 2.

Survey Questions
Mass Transit Survey

We are proposing a system that would increase the amount of people that would use public transportation We would
have a system made up of mini busses that would pick up passengers closer to their homes and deliver them to the
nearest MAX station and vice versa.

1. How far do you have to travel to get to the MAX from home?
2. Would you prefer to use Cash, Credit, or Pre-paid card?
3. If you had to make a reservation for pickup would you prefer to:
a. Reserve online b. Send SMS(text) c. Make a call
4. What is the longest amount of time you would allow to be on the mini bus? 10min 20min 30min
5. What is more important, spending less time on the bus or paying less?

On a scale of 1 being very un-important and 5 being very important, How important is:
Walking less to get to a bus stop?

Having a user friendly system for pickup?

Having a short ride on the mini bus?

Paying less for a ride?

Not having to drive to a park and ride?

Not having to drive on the highways? (Not having to drive at all)

Being eco-friendly?

Finding an easy way to get to mass transit?

ONoGOMONE

Does the existing system meet your travel needs today?

1-Yes 2-No
How likely are you to recommend using this transit system to a friend or colleague?

1-Not at all likely 2-Neutral 3-Extremely likely.
On average, how often do you ride the max?

5 days a week

2-4 days a week

Once a week

Once or twice a month

Less than once a month

grwbhE



Section 3.
Survey Results

Non typical transit user 23 persons surveyed

Mass Transit Survey

Farway [ <l mile | Zmile |3mile[=4miles|(Total
1) Haw far do you have to travel to get to the MAX fram hame? 2 1z 3 2 3 23
| | | | | | | | Cash Credit |Frepaid| Free
2|Wauld you prefer to use Cash, Credit, or Pre-paid card? 1 10 8 1 213
| | | | | | | online | sws | call | Fres
3| 1fyou had ta make a reservation for pickup would you preferto: 12 2 8 1 23
a.Reserve online b.SendSMS(text) ¢ Make a call
[ [ [ [ | [ [ [ <10 min | 20 min | 30 min | NA
4|What isthe longest amount of time you would zllow to be on the mini bus? 10min 20min 30min ] 8 4 2 23
| | | | | | | Lesstime|Payless| NA
E|What is mare impartant, spending lesstime on the bus or paying less? 14 & 3 213
| | | |
I I I I I I
Onascale of 1l beingveryun-important and & beingveryimportant, How important is:
[ [ [ [ | [ [ [seale 1 2 3 [ 5 Total
1 zlking lessto getto a busstop? 2 2 2 B 11 23
2| Having an user friendly system for pickup? 2 5 2 7 23
3|Having & shart ride on the mini bus? 1 4 3 7 8 23
4| Paying lessfor aride ™ 2 3 B B B 23
S| MNat having to drive to a park and ride ¥ 3 4 3 & & 23
&| Mot having ta drive an the highways? (Mot having to drive at all) 2 1 5 11 232
7|Being eco-friendly? 1 3 7 B B 3
8| Finding an easy way to get to masstransit? 1 1 4 12 H 23
I I I I I I I I des | Mo
Daoes such a system meet your travel nesds taday? 10 12 23
1-Ves 2-No
I I I I I I I I
Howi likely are youtorecommend usingthis transit system to afriend or colleague? Mot Likely | Meutral [ Likely
1-Naot at all likely 2-Meutral 3-Extremely likely. 1 15 7 23
0n average, how often doyou I'icle the mIa.\:': I I I I Paints
I I I I
1,5 daysaweek 3
2,14 daysaweek 2
3. Once aweek 3
4, Onee or twice amanth 3
E. Less than ance a month 12
Total 23




Typical Transit users 26 persons surveyed

Mass Transit Survey

Farway | <1 mile | 2mile [3mile|>4miles|Total
1| How far do you have to travel to get ta the MAX from home? H 16 & H 16
| | | | | | | | Cash Credit |Frepaid| Free
2| Waould you prefer to use Cash, Credit, or Pre-paid card ? 7 2 17 16
| | | | | | | | online | sms | call [ Free
3] Ifyou had to make & reservation for pickup would you prefer ta: g ] 12 16
a. Reserve online b.SendSMSitext) ¢ Make a call
[ [ [ [ [ [ [ | =10 min | 20min | 30 min | A
4| What is the longest amount of time you would allow ta be on the mini bus? 10min 20min 30min 13 8 5 16
| | | | | | Lesstime|FayLess| HNA
S| What is more impoartant, spending less time on the busor paying less? 12 14 16
Onascale of L beingvery un-important and 5 beingvery im|Jo||'tant. Hows important is:
Scale 1 2 3 4 5 Tatal
1| Walking lessto get to a husstap? 4 3 5 5 El 16
2| Having an user friendly system for pickup? 2 4 4 16 16
3| Having ashort ride an the mini bus? B 2 8 F g 16
4| Paying lessfar aride? 4 7 E] 12 6
5| Mot having to drive ta 2 park and ride ? 7 H 4 5 8 6
&| Mot having to drive an the highways? (Mot having to drive at 2ll) 5 1 4 ] 14 16
7| Being eco-friendly? 4 5 17 26
8| Finding an easy way to get to masstransit? 2 7 17 16
| | | | | | I ves | Mo
Dioes the existing system meet your travel needs today? 12 4 16
1-Ves 2-No
Hoe;likel\!al'ewout|o|'eco|nme|ncl usingt|histransitlswstemtolafrientlol'c|olleague':| Mot Likely [ Neutral | Likely
1-Mat at a1l likely 2-Meutral 3-Extremely likely. 7 19 16
Gnaverage, how often do you !'icle the m|a>:': : : : : Foints
1,5 daysaweek 14
2. 1-d days aweek 7
3. Once aweek
4. Once or twige 2 month 3
5. Lessthan once 2 month 2
Total 26




Section 4.
Customer needs

VOC

1 Customer Stated Needs

2 Customer Unstated Needs

1.1 Walking less to get to a bus stop

1.2 Having an user friendly system for pickup

1.3 Having a short ride on the bus

1.4 Paying less for a ride

1.5 Not having to drive to a park and ride

1.6 Not having to drive at all

1.7 Being eco-friendly

1.8 Finding an easy way to get to mass transit
2.1.1 Reliabe

2.1.2 Easily incorporate with current systems

2.1 Ease Of Use 2.1.3 Flexibility (Easy to modify routes, schedules, coverage areag

2.1.4 Walking less to get to a bus stop
2.1.5 User friendly system for payment
2.2 1 Minimimal Waits Stops

2.2 Usefulness 2.2.2 Comfortable ride
2.2 .3 Safe feeling

-

~
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Section 5.

Score by User groups: Regular and Non-regular

Weight 1.0 12
8
User Group 2 = . s
= = 3 ©
3 g £ z 2
S z = = £
Voice of the customer o S é %’ =
1.1 Walking less to get to a bus stop 3.46 396] 014 62% 5.9%
1.2 Having an user friendly system for pickup A 423 383 015 66%| 64%
§ 1.3 Having a short ride on the bus 315 3741 013] 57% 5.5%
2 1.4 Paying less for a ride 373 348 013 59%| 57%
=
ﬁ 1.5 Not having to drive to a park and ride 319 2061 011 5.1% 4.9%
(-g 1.6 Not having to drive at all 373 4041 014 65% 5.2%
= - -
£ |1.7 Being eco-friendly 4500 357 015 66%| B86%
§ 1.8 Finding an easy way to get to mass transit 458 3831 015 B6.9% 8.0%
2.1.1 Reliabe 4.00 4000 015 66%| B80%
Q 2.1.2 Easily incorporate with current systems 400 4001 015 66% 5.1%
2 g 2.1.3 Flexibility (Easy to modify routes, schedules, . 380 380l 014 6.3% 65.0%
i}
z % 214 Walking less to get to a bus stop 371 371 014 B1% 5.9%
L
% = 2 1.5 User friendly system for payment 3.50 3500 0.13| 58%| 45%
§ : 2.2.1 Minimimal Waits Stops 3.00 3001 011 50% 48%
£ |3 222 Comfortable ride 400 400 015 6.6% 48%
G |2 .
3 |a [223Safefeeling 450 450 016 74% 89%
o o




Section 6.

Critical to Quality

Specification Data

Specification Range

<t}
] =
= o
CTQs = = ke
Measure Data Type | = = T
sl s =
N o [
1= =} ©
= g
O
1.1 Wait time Minutes cont l 10 15
1.2 Delivery time Minutes cont l 8 15
1 Performance 1.3 Accuracy 1 Percentage cont T 100 a5
1.4 Radius 1 Miles cont O 10 15
1.5 Intergation ) Percentage disc T 95 a0
21Vehiclesize ¢ Seats disc O 8 15
2 Comfort 2.2 Reservations ] Preferred modes  disc T 3 2
2.3 Payment Syste . |Preferred modes  disc T 3 2
3.1 Personal safety |Percentage cont O 100 99.7
3 Safety
3.2 Data Safety Percentage cont O 100 99

CTQs Optimization

Optimization

+ 1.00 maximize
C 0.00 exact
-1.00 minimize




Section 7.
VOC Benchmark

Current WO Benchmarking Market Opporiunity Importance
—&— Hybrid Syst .. Hybrid System . Importance to customer
—@— Car Pooling.. Car Pooling Sys...
Private Vehi_. Private Vehicle/...
£ % | a +  TrimetBus..| . B Trimet Bus Rout...
‘Woice of the customer ] 5 2 E
ela 2|8 5 8
3| 2|35 = s |2
> £ =3
@8 i a E s
Bla|w|E ]
S8 |E|E | 3 4 E Elo 1 4
T [&] [N = 1 =
1.1 Walking less to get to a bus stop [4 3Kt BNt BRL] + L 4.08 —
1.2 Having an user friendly system forpickup | o | (B | @ | (P u\ 3 445
1.3 Having a shert ride on the bus 9 ® @ 9 A 3TE
% 1.4 Paying less for a ride [ BEY BELRE ] e 398
; 1.5 Mot having to drive to a park and ride 4 B BEY B ] A 3.38 -
2 |18 Not having to drive at all [ ARLEEY BN ] |< ! v | 428 h
E 1.7 Being eco-friendly PO Y» 4.48 _l
|
Q1.8 Finding an easy way to get tomass transit | (B | (p | @ | (™ . l\ I 466
2.1.1 Reliage 9 @ 0 I * 4.20
& 212 Work with cument systems ® 2/ /ﬁ > 400
5 |
% § 2.1.3 Flexibe (easy to modify routes, sch. | #) | & | @ | & ||/ 4< 380
=
- ; D |
g |5 214Userfiendy e I D [N I)u 360
3| [21Fewstops >l e ™ . ;(ﬁ 3.50
5|4
] ) [
E E 2 2.2 Comfortable ride - - - (\'l' 3.80
2 g
3 | & 223 Safe fesling . R B B ) + : 450
o o
Customer Safisfaction Index:| 76.0%| 65.0% 70.1%| 65.5%)




Section 8.

House of quality correlations “What’s” Vs “How’s”

1 Customer Stated Needs

2 Customer Unstated Needs

2.2 Usefulness

1.2 Having an user friendly system for pickup
1.3 Having a short ride on the bus

1.4 Paying less for a ride

1.5 Not having to drive to a park and ride

1.6 Not having to drive at all

1.7 Being eco-friendly

1.8 Finding an easy way to get to mass transit

2.1.1 Reliabe

2.1.2 Work with current systems

2.1 Ease Of Use
2.1.3 Flexibe {easy to modify routes,. |

2.1.4 User friendly
2.2.1 Few stops
2.2.2 Comfortable ride

2.2.3 Safe feeling

® O
O O]
®© |© O
©@O®F P> OO0

>

®

®

©®@O00 O

@)
O

> >

Hybrid Transport System QFD 1 Performance 2 Comfort 3 Safety
® 95.00 strong correlation T 7 7 A
C 3.00 some correlation "
A 1.00 possible correlation =
- D.00 (possible negative correlation) g g
ik} o =
2 B
[il] 7] i E
£ <8 5|7 8| z|8
o |7 ey o | '®m = — — £ "é
El2 8 ol el 85| 2 a1z
<|l2|5/2/ 228 g E 3|sl]s
@ | D 8 s |2 O a g:'? o ® =
Slolg|x |8 > x| a|ol|d
N |w|w| o || = | o5
= — — = = (& o (e} (vp] ) P4
1.1 Walking less to get to a bus stop ®® ® 3

F=y

w

[;%]

[s=]

e

M

Significant relations




Section 9.
CTQ Interactions

Coulumns: Causes ==

CTQ Interaction Matrix 1 Performance 2 Comfort 3 Safety .
E-]
++ 3 positive effect A A b 3 ‘é
+ 1 possible positive effect -
- -1 possible negative effect ,E
&| -~ -3 negative effect 2
o w
E E £
" o u E
§ w | E| o a
2 o 745 g
o g @ c | = & = B
¥ o | B = 5|5 |2 2 - & ] &
c = = | Bl 0w =
S|E|2|8 2|8 2|2 5|2 &|F 24
Ble|lz 3|22 8| a|E| m|E|s |2
S(518 58 2|§|8 5 5 =|e 2 %
El2|o |2 | |E| = |x|d|d |o £ E g
B |- I ) =+ | w - o | ¢ ~ o E E
O | - - - - | — o od | o v v | &
Optimization LIl ]t]O)1+|Of1tr]1 t
1.1 Wait time l 0
© 1.2 Delivery time LT 10| 2
Q
E 1.3 Accuracy |+ 1o 2
E
£ |1.4 Radius O -- 1] 4
@
& 1.5 Intergation * |++ 1 5
2.1 Vehicle size Ol++| - + 201 |8
=
o -
= 2 2 Reservation systems + ++ 10| 7
Q
';5 2.3 Payment systems + + 10| &
3.1 Personal safety + - 111|@
i’ 3.2 Data Safety 4 - 10110
Positive factors 4 2 1 2 [u] a [}
Megative factors 1 1 [u] o 1 [}




Section 10.
Significant Relations

Hybrid Transport System QFD

1 Performance

2 Comfort

3 Safety

.00 strong correlation
.00 some correlation
.00 possible correlation

® 9
o3
A1

0.00 (possible negative correlation)

1.1 Wait time

1.2 Delivery time

1.5 Intergation

2.2 Reservation systems

2.3 Payment systems

3.1 Personal safety

3.2 Data Safety

to |Mumber of significant relationships

1.1 Walking less to get o a hus stop

®|1.3 Accuracy

® |14 Radius

1.2 Having an user friendly system for pickup

®

@
@

ks

1.3 Having a short ride on the bus

O
®

® (®) |21 vehicle size

1.4 Paying less for a ride

1.5 Not having to drive to a park and ride

1.6 Not having to drive at all

>|>

1.7 Being eco-friendly

®

1 Customer Stated Needs

1.8 Finding an easy way to get to mass transit

2.1.1 Reliabe

2.1.2 Work with current systems

@O0 F >0k 0

2.1 Ease Of Use
2.1.3 Flexibe (easy to modify routes, .,

2.1.4 User friendly

®® 000G
®@0o0 O

221 Few stops

> BOO>F>®

2.2 Usefulness 22 2 Comfortable ride

©e

2 Customer Unstated Needs

2.2 3 Safe feeling

Significant relations.

o >




Section 11.
VOC ranked by importance

|3

% aauepoduw)
podu Ag 200

1.8 Finding an easy way to get to mass transit

2 2.3 Safe feeling

1.7 Being eco-friendly

1.2 Having an user friendly system for pickup

1.6 Not having to drive at all

2.1.1 Reliahe

1.1 Walking less to get to a bus stop

2.1.2 Work with current systems

1.4 Paying less for a ride

2 1.3 Flexibe (easy to modify routes, schedules)

2.2.2 Comfortable ride

1.3 Having a short ride on the bus

2.1.4 User friendly

2 21 Few stops

1.5 Not having to drive to a park and ride




Section 12.
House of Quality

ok,
o
—
£
o £
— ™ Fo
Optmization O[t[t|O]L]t][d[t|t]t
WOT Banchmarking, VOO by WO mportance, WOC by
Impartance Imporiance
g —&—  Hybrd Sysi=m l Imporiance %
—l— CarFooling 3yst Cost%®
_ Private veniceiT...
- E - Trimet Bus Roules
ANRRAARRRR (¥
i :
§ & e E i g
o ] ‘i : o @ Wl g =
HHHBEHHHEH
N T— R
R IR I R ! i 1
td | | o= | o= | o= [N [ o= |09 | = | o0 - = - I
1.8 Finding an =asy way io getiomas.. @ @ @ X D A 4.88 TR
2.2.3 Safe feeling M ollelle]E 4.50 T.4%
1.7 Being sco-friendly @ A A 1 4.43 7.4%)
1.2 Having an user frizndy system for.] | (&) Oy O] e 4.45 T4%
1.8 Not having to drive at al @@ OlA a 4.28 T.0%
2.1.1 Reliabe 'Sle . - 3 4.20 8.9%
1.1 Waking less to getto a bus stop | (=) ) (*) 3 418 6.7%
2.1.2 Work with current systems AlOE (@O0 5 4.00 B.8%
1.4 Paying less for a ride - OOl A 2 388 B.8%
2.1.3 Flexks (easy to modify routes, s.] |3 [ A A D 2 3.40 B.2%
222 Comfortable ride ) M 1 280 8.3%
1.2 Having a short ride on the bus ) Py ] o) 3 378 f.2%)
2.1.4 User friendly (=) (*) 2 3.80 6.0%
2.2.1 Few siops =) i Ol A 3 350 5.2%
1.5 Nod having fo drive fo 3 park and ridg a X o 330 5.8%
|Sgnicant ralation: 5 E E 5 4 4 2 2 z
= QFC 1 (sorted by Imponiance) VOC Customer Imporance, VOC by
Importance 5 5 5 & ﬁ. l; 5 g& é @ B sirong comelation Impartance
RN R =R | |0 3 game comelation unl]que Seling Point
2 1 possiole comelation o 1.7 some s2ling pol
- elo|glo|o|t|ze 8o [ (possble negalive comelation) || @ 1.5 sirong seling point
Mezsure § § g i g § g § E E TTQ Interacion Mar, CT0s by 70 Cplmizaon, CTas by
= = = Impaortance, CTOQE by Imporiance Importance
TR B 3. T3s By Imperiance. ++ 3 poskive afiect Ciptimization
CTQs Impotance (CTSs by Imporiance) + 1 peossble positive effect * 1 maximize
partanc - -1 possble negativa effact 00 axact
B imeorance III....- — -3 negailve atiect . -1 minimizs




Section 13.
Framework detail

Quality Function Deployment
Customer Perspective Company Perspective
WOC TAM CTO
< ) Stated Easa of E“_"ﬂﬁltr"ft
ey needs use byl
Analysis
= Gap System Value =
Analysis Functions system
Research Unstated Usefulness Rigk
needs Analysis

KEY: VOC= voice of the customer, CTQ = critical to quality, TAM= technology
acceptance model
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