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Abstract

For many years, the selection of transportatioriefyudesign of roadway features, etc. were based
mostly on engineering considerations. Accordinghte Maryland State Highway Administration,
"Context sensitive design asks questions first atf@ineed and purpose of the transportation projec
and then equally addresses safety, mobility, ardptieservation of scenic, aesthetic, historic, -envi
ronmental, and other community values. Contextieaglesign involves a collaborative, interdisci-
plinary approach in which citizens are part of design team." QFD has developed since the 1960s a
powerful tool set for new product development teaables engineers to listen to the Voice of the
Customer and translate the most important needsdedign requirements and then assure their qual-
ity in the resulting goods and services. This pap#rshow how QFD tools can be adapted for Con-
text Sensitive Solutions and Design in road bugdamd other large projects.
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Introduction

Over the past 40 years, the Federal governmenpittasoted improved decision making on its ac-
tions beginning with the broadest, most importamtimnmental law, the National Environmental
Policy Act of 1969 (commonly termed NEPA). Sinceé639many laws, presidential orders, and state
and Federal policies have been enacted to suppteandrenhance NEPA.

Both state and Federal government transportatg@n@es have sought to better implement
NEPA and to promote transportation projects in lmarynwith communities and the natural environ-
ment. The most important of these from a natioteidpoint are the development of Context Sensi-
tive Design and its overarching successor Contexisiive Solutions (CSS). These initiatives are
relatively new and procedures to apply them aie estierging. Many state transportation agencies
have adopted the principles of CSS in their projistelopment processes. This paper will introduce
these laws/practices, review the transportatiojeptalevelopment process and provide insight on
how Quality Function Deployment (QFD) can be applie yield improved transportation decision
making.
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NEPA

NEPA was passed by Congress to regulate the emvéotal/community impacts of Federal ac-

tions (including federally funded transportatiomjects). It required Federal agencies to look be-
yond the narrow focus of benefits of a proposetaand determine the potential impacts of that
action on society, economics and the environmeril@VNEPA does not preclude environ-

mental/community impacts arising from Federal axdjat was clearly intended to prompt Federal
agencies to take potential impacts into considemadéind employ avoidance, minimization and/or
mitigation where possible (1).

To ensure compliance with this law, Congress mimadthat each Federal agency establish an
environmental review process that included mukkdilinary input, environmental reviews, and a
balanced decision making process. Each Federabpders its own NEPA process. For federally
funded transportation projects, state highway aigsnSHAS) have to address the Federal High-
way Administration NEPA process. All project-reldtsvestigations must have approval of the
Federal Highway Administration. Those approvalstased upon NEPA review documents (Envi-
ronmental Assessments, Environmental Impact Statesn€ONSIs, and Categorical Exclusions)
submitted to the Federal Highway Administrationsitgte transportation agencies.

NEPA had far-ranging effects on federally fundeshsportation projects. State highway agen-
cies created environmental divisions and rigoropsgpared the federally required documentation.
The project stakeholders/ public were made mora@whthe proposed actions. There was better
compliance with environmental regulations of reseusgencies.

Despite becoming more environmentally complialtAS encountered growing opposition to
transportation projects by the public, interestug® and other stakeholders. Those parties began
using litigating to delay or halt projects. Notaleleamples include US 27 & 68 (Paris Pike) be-
tween Lexington and Paris, KY and | 40 at OvertarkRn Memphis, TN. The former project was
blocked for 26 years (despite several traffic fdesd) and the latter remains uncompleted some 36
years after it was originally halted. In part, tleigposition was due to the greater environmental
consciousness of the public, concern for adjagaptcts (“not in my back yard” or NIMBY) and
past heavy handed dealings of transportation aggriciimplementing projects (e.g. | 93 Central
Artery through downtown Boston).

Figure 1. Public Demonstrating Concern about a 83eg Highway at a Pre-Scoping Meeting.
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Some projects such as the well-known | 40 at GeardvCanyon in Colorado and US 27 & 68
Paris Pike in Kentucky gained national and inteomal acclaim for balancing transportation, envi-
ronmental and public interests. Typically, thosejgxts involved state transportation agencies go-
ing the “extra mile” in planning and design to emsthat stakeholder/public concerns were ad-
dressed. The governor of Maryland issued an officrder for state agencies to address stake-
holder/public concerns about their actions leadmthe Maryland DOT’s “Thinking Beyond the
Pavement” initiative. Those efforts had a commaedl, but there was no formal nationally rec-
ognized procedure that instituted or promoted tlaesiens.

Context-Sensitive Design/Context Sensitive Solion

In the 1990s, Federal Highway Administration (FHWAgognized that highway planning and de-

sign practices could be altered to accommodate ipuincerns. Some SHAs had devel-

oped/adopted/employed those practices, at leasbwtnoversial projects with great success. How-
ever, the range of practices and their applicatianed greatly among the SHAs. In an effort to

promote a wider, more consistent use of those ipes;tthe FHWA prepared a guidance document
Flexibility in Highway Desigrin 1997.

In 1998, a key workshop was held in Baltimore, Mponsored by the Maryland DOT, the
FHWA and AASHTO. Its objective was to assembleddlthe beneficial practices employed by
transportation agencies into a coherent practiaé would make transportation projects fit better
into communities and the environment. Transpomaéigencies also sought to address the sources
of contention that had plagued project developraarily in the NEPA Era.

The meeting participants developed a set of griasiwith supporting methods and practices
that formed the basis for a coherent approach toangdransportation projects fit into communities
and the natural environment. That approach waseri@ontext Sensitive Design” to emphasize
the additional efforts needed in stakeholder/puibiolvement and flexibility in design to identify
key issues and provide projects that were sensitieeenvironment in which they were con-
structed. Several related key documents include:

1) FHWA ManualGuidelines for Flexible Design

2) AASHTO ManualPublic Involvement Procedures

3) AASHTOA Policy on Geometric Design of Highways and Sgrétthe Green Book”)
4) AASHTORoadside Design Guide

The Conference attendees defii@esign Excellencas designing projects that balanced transpor-
tation objectives with those of communities and ¢hgironment. It embodied the use of transpor-
tation design to implement the decision-making psacoriginally mandated in NEPA. The atten-
dees termed this new methodoldggntext Sensitive Desigihe then-current focus of that initia-
tive was related to project development actionseuadten in the Planning and Design stages to
provide projects that were acceptable to the pudnid other stakeholders based upon 1) pub-
lic/stakeholder involvement in decision-making gmme elements thereof) and 2) flexible design
that balanced environmental and economic issudstr@hsportation requirements.

The term “Context Sensitive” pertains to the dinstances surrounding a transportation pro-
ject. The “Context” of a project depends upondaisation and potential to impact communities and
the environment. Each location is different withhyyiag community values and environment. As a
consequence, in separate locations the same aeaiohave different impacts. Recognition of the
actions/factors needed to address those impactghendvillingness to address them pertain to
“Sensitive”. To be context sensitive, transpoditofficials must possess situational awareness of
both the proposed project (its purpose & need)driie human and natural environment in which
it is to be placed.
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In the early 2000s, the ter@ontext Sensitive Desidiegan to be supplanted 6pntext Sensi-
tive SolutiongCSS). The reasoning behind this was that the frameContext Sensitive Design
were focused on the early phases of project demaap (i.e. planning and design) and that other
context sensitive activities occurred within thejpct development process that were vital and
needed to be recognizedontext Sensitive Solutiomgas applied to address that perceived short-
coming. The current FHWA definition of CSS Bontext Sensitive Solutiors is a collaborative,
interdisciplinary approach that involves all staddelers to develop a transportation facility théd fi
its physical setting preserves scenic, aesthetoric and environmental resources while main-
taining safety and mobility. CSS considers theltotmtext within which a transportation im-
provement project will exist.

The elements of CSS can be divined from a liggwdling principles that govern its applica-
tion. In 2006, the Kentucky Transportation Centetha University of Kentucky identified 15 guid-
ing principles:

1. Use interdisciplinary teams

Involve all stakeholders
Seek broad-based public involvement
Use full range of communication methods
Achieve consensus on purpose and need
Utilize full range of design choices
Consider all alternatives and modes
Maintain environmental harmony
Consider community and social issues
. Provide aesthetic treatments & enhancements
. Provide a safe facility for users & community
. Document project decisions
. Track and meet all project commitments
. Create a lasting value for the community
. Use all resources effectively (time and budget)
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Transportation Project Development Process

In the 1960s, the typical highway project developtr@rocess used by SHAs on Federally funded
projects appeared as shown in the following figure:

’ Location & Final Right of! s
Planning ™| 5 . _jesi gnHD esign Way HConstructlon

Figure 2. 1960s FHWA/SHA Project Development Preces

This represents the traditional 5-step process Wt initiated for projects placed in the SHA
multi-year capital improvement program. It begathwilanning and then proceeded through loca-
tion (also termed preliminary design), design {oalfdesign), right of way and construction. Typi-
cally, SHAs were functionally organized along thpsecess steps with separate divisions address-
ing each step (with the exception of preliminarg &nal design steps that were typically assigned
to the SHA design division.) The processes weralgoied in a sequential fashion with minimal
interaction between divisions. Project actions wammpleted in each respective division (that op-
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erated as a “functional silo”) and their productsrev“thrown over the wall” to be further devel-
oped by the next division. At that time, there Wtk SHA focus on environmental issues, except
on a reactive basis. Opportunities for public imeshent were typically limited to two meetings,
one during location, and the other during finaliges

Location & Final Right o :
[PI::mnmg]—b[Pre dESIgnHDeSIQn Way HConstructlor}

‘FHWA NEPA\ 00| ——

l—

Figure 3. FHWA/SHA Project Development Process fpooating NEPA.

In the years following the enactment of NEPA, tHeWA worked to better define its re-
quirements and to ensure that the intent of NEPA weplemented. SHA environmental divisions
addressed NEPA as an adjunct process that bedacation and ended in right of way (Figure 5).
The FHWA issued a series of directives and guidatamsuments that more completely defined
necessary NEPA actions and encouraged SHA involnewi¢h the public and other stakeholders.
It stressed equal consideration be given to bothnoonity and environmental issues and allowed
the use of Federal funds as enhancements “to malects fit better into communities and the
natural environment” (2). As SHAs found themselireseasingly unable to proceed with needed
projects, they became more receptive to involveptitdic and develop acceptable projects.

To properly implement CSS for a transportationgoth SHA officials must consider the area
it will traverse, the people who will live about &nd those who will use it. From a transportation
perspective, they must address the project’s pergoseed, linkage, access, safety, and mobility.
Beyond that, they must also address the presenvafigcenic, esthetic, historic, environmental,
and other community value$his requires that highway planners and designetteibevaluate
those criteria as part of determining the purptmegtion, and design of a highway. To do that ef-
fectively, the public and other stakeholders msthgaged to identify community desires, needs
and concerns (i.e., public/stakeholder involvement)

There must also be willingness by highway planagd designers to seek adjustments to the
roadway capacity and other highway design factorprovide a facility that not only addresses
transportation needs, but also conforms to the aamiiynand the environment it traverses. Under
CSS, planners and designers do not need to prtvadeetically “optimum” transportation facili-
ties (e.g. divided four-lane roads with paved stletd). The “fit” of a road in its environs becomes
as important as the road itself. Flexibility is enaged in applying national road-building guide-
lines. The primary guide for highway design is fkmerican Association of State Highway and
Transportation Officials (AASHTOR Policy on Geometric Design of Highways and Ssréthe
Green Book”)and the AASHTORoadside Design Guiddhe“Green Book” presents ranges of
roadway design values and suggests that the higilees be used where social, economic, and
environmental impacts are not critical. This allomiling highway planners and designers to tailor
roads to address all the transportation, commuamtyenvironmental requirements.

To fully address CSS, SHAs must revise their apginao project development and work in
multi-disciplinary teams applying needed exper{sgy. landscape architecture, archeology, his-
toric preservation, etc.) as necessary. While thle bf the public/stakeholder involvement is re-
quired during planning and design, it needs todrgicued through construction and into mainte-
nance & operations. A new project development miemerging. The SHA organization frame-
work remains supplemented by constant public/stlkieh involvement and the use of SHA teams
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from project inception through construction. Thigusture addresses the precepts of CSS and the
guiding principles necessary for its proper appica

B j Public/Stakeholder Involvement ‘II -
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Construction Operations

Figure 4. Idealized Project Development Model.

Quality Function Deployment and Context Sensitieduions

CSS involves SHAs meeting with the public/stakebddo obtain their input about the roadway
environs and roadway alternatives. The venueshtaining public/stakeholder input include pub-
lic meetings, charrettes, surveys and permittingudeents provided by stakeholder resource agen-
cies. Techniques for facilitating input are beaglored. Some Kentucky projects have used ex-
perimental methods of structured public involvemensolicit esthetic design feature preferences.
The use of flexible design and multi-disciplinagams enables SHAs to provide projects that are
in harmony to communities and the environment,(lazals and stakeholders). Some SHAs have
been concerned about project development costg 3% and have restricted its employment to
large projects which pose the potential for corgrey and litigation. Other SHAs are employing it
on most/all projects. It remains an emerging pcactind not all SHAs have adopted it despite en-
couragement from the FHWA.

In 1999, the Kentucky Transportation Center (KT@yticipated in an FHWA initiative by
developing CSS training for SHA personnel involweith project development. KTC developed a
course that has been presented to 19 SHAs and &M@ people nationwide. KTC researchers
have also actively participated in state and nativesearch studies related to CSS. Over recent
years, they began to take a different view of Q& imost of its users/proponents/ practitioners. In
their view, CSS should be considered a businesdipeathat SHAs adopted to facilitate program-
ming and development of highway projects. They heagaestigating other business practices in-
cluding continuous improvement methods, value aeaystructured innovation and lean manufac-
turing to determine their application to CSS angrioved project development.

During those investigations, they identified Qtyakunction Deployment (QFD) as a business
tool with remarkable similarities to the intent 668S. More importantly, they determined that
QFD possessed many structured analytical approdbbe€SS lacked. It appeared that those ap-
proaches could be used to identify public/stakedrottesires and/or concerns that were difficult to
characterize in a quantifiable manner or to balahose desires and/or concerns against conflicting
ones held by other stakeholders. Those situaticnesgpecially problematic for SHA project de-
velopment officials. KTC researchers eventuallytaoted the QFD Institute and began a dialogue
that lead to the salient point of this paper-thpliaption of QFD practices to CSS transportation
projects.
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Fundamentals of QFD

Traditional approaches to assuring quality oftezufoon solving problems within the work proc-
ess, whether it is manufacturing, service, softwaregoad building. However, consistency and an
absence of problems are often insufficient to erdasting value for the customer, especially when
customers are more demanding and have choicese\vihd competitive marketplace, this choice
among alternative products or suppliers can bedabmpetition, in government funded and con-
trolled projects, constituents make choices wheay thect officials. With traditional quality ap-
proaches, the best you can get is nothing wrongt-sithis good enough? In addition to eliminat-
ing negative quality, we must also maximize positijuality end-to-end throughout the organiza-
tion. This creates value which leads to customesfaation.

Quality Function Deployment is the only o

comprehensive quality system aimed specifically & Q';s\°
o &) Y

at satisfying the customer. It concentrates on & Qé‘ &
maximizing customer satisfaction (positive qual- ,b% 99(\ o ° \o‘o
ity) by seeking out both spoken and unspoken & ¥ ¥ '&‘Q
needs, translating these into actions and desi QFD
and communicating these throughout the organff = [©° -~ &1©-©-r- - -~~~ > Y

zation end-to-end (Figure 5). Further, QFD al
lows customers to prioritize their requiremMentSatters most developers' best efforts ¥ high value
benchmark us against our competitors, and thepustomer aligned on purpose
direct us to optimize those aspects of our product.

process, and organization that will bring ttFigure 5. QFD delivers value end-to-end. (3)
greatest competitive advantage. Most proje

cannot afford to apply limited financial, time and

human resources to low priority issues.

With budgets, time, and personnel always limit®@&D helps organization get their biggest
bang for the buck by enabling a data driven apprdacallocating constrained resources. When
priorities are properly derived and proportioneddzhon sound mathematical principles, they can
actually be used to calculate money, man-hours stafti

Voice of the Customer

In its earliest uses in the 1960s, QFD concerrsadfiprimarily with end-to-end alignment of re-
quirements throughout the organization.(4) As imaébusiness processes improved, QFD began to
look upstream at where the requirements came fromadnere improvements could be made. As a
result, QFD invited the marketing and sales effamaditionally the most customer oriented, to
join. In the ensuing years, QFD has devised nunsetoals to bring this fuzzy front end into
clearer focus. The problem is exacerbated becaigterners are not always able to articulate what
outcome they want, especially with regards to sbhingtnew. Instead, they try to explain what
features the product itself should have, in theebéhat if they tell designers how to do their job
their outcomes will be met. Successful product ters know that just doing what the customer
asks is no longer sufficient; they must analyzesta¢ed “voice” to understand the underlying out-
comes and needs. Modern QFD has several new tald this analysis. These tools are engineer-
friendly in that they help parse complex customabfems into discreet elements that can be ana-
lyzed more easily.

Cause-and-effect

QFD, as a Total Quality Management approach, bwitdthe cause-and-effect relationships of cus-
tomer needs (effect) and design issues (causeyre-fg illustrates an example from Bridgestone
Tire who published their first use on QFD in 1966 the design of a tire. Using the fishbone dia-
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gram to illustrate the cause and effect relatiggshihey identified the various design, processing,
and handling requirements necessary to assure@othimide.”

This concept is especially useful in trying to ersland true customer needs that underlie cus-
tomer verbatims. In other words, if a customer ddke his tires to be trued (a technical process),
we could use this fishbone to understand thatdat meed was for a smooth ride, that tire truing
was one way to achieve it, and that there couldthers at the design, process, and material han-
dling stage that could be used in combination tiemie ride smoother. Cause-and-effect also
governs the relationships among the product feat@ech as the relationship between tire charac-
teristics and molding characteristics, the relatiop between molding characteristics and material
properties, and so forth.

By parsing complex problems into groupings likestomer needs, design characteristics,
manufacturing and process characteristics, matpr@erties, etc. and showing their cause-and-
effect relationships, technical people can anallieenature of the design intent and how to achieve
it.

N Molding
Effect Tire characteristics Cause

( N ee d characteristics

(Product
i Trueness Sidewal Pressure Accuracy of
Benefit — dewal ¢ Features
4— strength Time —>, mold halves
Smooth
ride
Age of —» Storage
polymers humidity

Raw materials
handling

Figure 6. Fishbone diagram shows cause-and-eféationships between customer need and de-
sign features (example from Bridgestone Tire) (5).

Prioritization

Prioritization in multi-criteria decision making wadvanced by the research of Dr. Thomas Saaty
in the 1970s at the U.S. Department of Defenselaerd at the Wharton School of Business at the
University of Pennsylvania. Saaty found that decisinakers facing a multitude of elements in a
complex situation innately organized them into gaharing common properties, and then organ-
ized those groups into higher level groups, andrsaintil a top element or goal was identified.
This is called a hierarchy and when making informethments to estimate importance, prefer-
ence, or likelihood, both tangible and intangitdetérs must be included and measured. The Ana-
lytic Hierarchy Process (AHP) was created to marthgeprocess in a manner that captures the
intuitive understanding of the participants anaajeld mathematically stable results expressed in
a numerical, ratio scale. (6,7) A numerical, ratale is preferred for the following reasons.

1) Numerical priorities can be applied to laterlgees to derive downstream priorities.

2) Ratio scale priorities show precisely how muabrenimportant one issue is than another.
Ordinal scales only indicate rank order, but netdiegree of importance.

3) Numerical scales can be tested for judgmentrisistency, sensitivity, and other useful
properties.

A problem lies in how to get these numerical rathale priorities. It seems the human brain can
make more accurate comparisons by judging two i@nastime, much the way an optometrist tests
for prescription lenses — “which is better, A or’Bhis pairwise comparison is used to generate
the priorities for all the items.
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In QFD, we use AHP with customers as a way to stded what outcomes or needs are most
important. This method uses a force choice pairw@aparison of the needs and yields precise,
mathematically sound ratio scale priorities of tieeds. AHP is psychologically friendly and with
its hierarchical structure, can be faster and fiasguing to customers than trying to rate or rank
list of items. AHP can be utilized to prioritizesfjuabout anything, and is helpful in other phages o
the QFD process, as well.

Application of QFD Principles to Context Sensitivelutions

There are parallels between the elements of praghgattransportation design and solutions, as in-
dicated in Table 1. Paramount is delivering sohgito stakeholders that give the biggest benefit
for the effort made. Transportation and other giwvijects can have more complexity if one prod-
uct (a road) must serve all constituents, comptresd manufacturing company that can produce a
varied product line targeting specific segmentsoTQFD models will be discussebllodd | is
when the voice of the stakeholders is gathered poionitial planning and is integrated into the
formulation of alternative design concepts. Thiguiees starting at the earliest phases of the pro-
ject, perhaps even before projects are selectatlisanecommended for advanced applications.
Model Il is when design concepts have been formed by g team and stakeholder input is
required to select the best alternative. This meguihe least change to current practice and is rec
ommended for first QFD application.

Table 1. Parallels between manufacturing and ti@tesion.

| Manufacturing | | Transportation |
Planning, Project Management, Project Manager, Planner, Traffic
Marketing, Sales, Engineering, Engineer, Design Engineer,
Team Manufacturing, Production, Quality, Environmental Coordinator,
Service Landscape Architect, General
Contractor, Trades, Maintenance
Shareholders, Management, Local government, Resource
Customers within Market Segments, Agencies, Users (Residents, Industry,
Labor, Regulators Emergency, Community Associations),
Stakeholders Historical Preservation Agencies,
Environmental Groups (Federal, State,
NGOs), Other Special Interest Groups
Research, Design, Procure, Build, Planning, Location & Pre-design, Final
Processes |Distribute, Sell, Service Design, Right of Way, Construction,
Operations
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QFD Model | for Stakeholder Input Prior to InitiAlanning

The full power of QFD is best realized when it g&d from the start of the initial project planning

phase. Using the reconstruction of Kentucky Ro®#é @emetery Road) into the city of Bowling

Green, the various QFD tools will be demonstralde: following flow chart (Figure 7) shows the
overall process and is followed by specific exammkthe steps.

s A

@ )

Stakeholders Gemba

Visit
@
Identify and metricate o ®
project goals gemba o
goals key project goals G What are stakeholder /
Analytic concems?
Hierarchy
. Process Fahald
What must project key st _ .
do? Which goals are [ matrix
i ?
most important? Who has an
interest in this design
roject?
= I concepts
What are key

commitments?
§ J
Figure 7. Model | QFD flow chart.

Step 0.dentify Planning Team Membership

Since early decision making relieves rework andlams that can occur later, it is important that
the appropriate team members be identified and tbkds and responsibilities clarified. The nature

of the project will determine who the team memlteses but they will usually include those shown
in Table 2.

Table 2. QFD Team roles and responsibilities.

Personnel | Role
project manager lead on road reconstruction
planner focus on community impact
traffic engineer determine impact on wider transportation system
environmental coordinator focus on environmental impact

Step 1.Identify and metricate project goals.

A project is typically started with certain goatdjectives, and outcomes that it must achieves It i
important to identify what these are, how they measured and by whom, by when they must be
achieved, and which ones are most critical. Thésiigs that even when team members interpret the
goals according to their role or function, thedéedences can be discussed in terms of where con-
ditions are today, where they need to be in ordethe project to be judged successful, which are
most critical, etc. Table 3 shows the goals forkiYe234 project and related details.

Table 3. Project goals.

Means to achieve it

Goal Statement (inc. current/target) )-Iow measured? By when? \Who judges success?

(optional)
Improve access to Bowling Green Central |# cars/hour Bowling Green CBD 4-lane facility
Business District Authority
Relieve traffic congestion time from I-65 to Community 4-lane facility
Main Street
Improve safety on Cemetery Road # injury
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According to the project, some goals may be maite&alto meet than others. In many cases,
these can be easily identified using a verbal,naddscale such as “must haves,” “nice to haves,”
etc. However, if the team has difficulty prioritizj the goals, it may be useful to employ more rig-
orous decision making methods, such as AHP. Takko#vs the AHP prioritization of the project
goals by the planning team, with an acceptabld lghjedgment inconsistency.

Table 4. Project goals prioritized with AHP.

Traffic

KEY PROJECT Downtown Conges ratio

GOALS Access tion  Safety scale
Downtown Access 1 113 1/5 0.106
Traffic Congestion 3 1 113 0.260
Safety 5 3 1 0.633
1.000

Inconsistency ratio: 0.0

Step 2.Identify and prioritize stakeholders.

There are many stakeholders in a large civil ptojad it is essential that they are included & th
early decisions. Stakeholders whose voices arallear become champions for the project while
those who were overlooked may later raise objestrequiring a reconsideration of previous deci-
sions, leading to delay and waste. Table 5 listsstakeholders and what context sensitive factors
concern them. Table 6 uses a QFD matrix to tramgledject goal priorities into stakeholder priori-
ties (key project goal weights are multiplied bgaarelation value; the product is then summed for
each stakeholder). While government officials maycbncerned it is politically incorrect to weight
stakeholders and their voices differently, the shakders themselves may find this logical and sen-
sible if the process is transparent.

Who has a stake in the outcome? Context Sensitive Fa  ctors
KYTC Officials - District 3, Central Office, Resident Table 5.
Engrs Office Stake-
Local gov't - City of Bowling Green, Warren County
Judge-Executive's Office holders,
- - - context sen-
Resource agencies/MPOs - KY Herritage Council, ")
sitive fac-

City-County Planning Commission, Greenways
Commission, Operation P.R.I.D.E. tors.
Special Interest Groups - Citizens for Improving
Cemetery Rd

Individuals - Adjacent landowners and businesses |Impact to residents along
(primary stakeholder) reconstructed roadway
Others in community - Neighborhood Associations, |Disruption during

Western KY University, Warren County 4H Extension|construction of Interchange
Board, Bowling Green Tree Board of I-65 and KY 234. Utility

SHPO (State Historical Properties Office) Historic properties

Table 6. Key project goal priorities are translategd stakeholder priorities using a QFD matrix.

Stakeholders | 1st level Government Agencies Communitiy
2nd level KYTC Local Gov't . Quas.i- SIGs Individuals Others
Officials Resource Agencies/MPOs | Agencies
c ‘é’, o ) © =) %] 2
» o o = = wi = £ ) 13 @
2 |6 |3s|5|¢ s | 88 |8 | ¢ 2 |5, |8
£ l2|2e|8 |2 |5 |2, | ¢ = . IEREHE
3rdlevel | & | 2 = 50 s | S c | @ o c =2 £ S o = S8 8
£ | o E 89 o | 25|28 g9 5 g 2 25 < 2 5
Sl | &8|28| (58|83 &§| 28 | 25| = 2 BN < | o5 |2
S (2ql 5|85 | 2 |8E|2e|l 8| o5 |52 8 ¢ W 5 (52| o
5 (8| 2| 8¢ | > (25|25| 8| z8 |25 €| 2 Bl & |s%|3¢8
Key Project Goals O |leo| 6 1 =2d] & lJoo]Jool o va | 6o < o = < [ 2i | aa
KpGwt. | 1T AAERRESERRERRURREN SARENRUAYSACKRENAE RERGARE] CATELORRECAURURRANRNR URRARREAR LERANNEAR CARRANNEAR CARAMIREAR CUROMNRER DURMMINEAR:
Downtown Access 0.106 - - 0.52 0.13 0.07 | 0.27 | 0.07 | 0.07 0.13 0.07 0.07 1.00 0.13 0.13 0.07 0.07
Traffic Congestion 0.260 0.07 | 0.27 | 0.52 0.13 - 1.00 | 0.07 | 0.13 - 1.00 1.00 1.00 1.00 0.13 0.07
Safety 0.633 0.13 | 1.00 | 1.00 0.27 - 0.27 | 0.07 | 0.27 - 1.00 0.52 0.27 1.00 0.27 o
Absolute Weight 0.103[0.703) 0.823 | 0.219 | 0.007 | 0.458 | 0.069 [ 0.212 | 0.014 0.901 | 0.596 | 0.536 | 0.908 | 0.219 | 0.025 [ 0.007
Stakeholder Weights .018 0.121 9.142 |0.038 .001 P.079 0. 012 0.036 | 0.002 0.155 | 0.103 | 0.092 | 0.157 | 0.038 [ 0.004 | 0.001
Rank Order (Lowest is most critical) 11 4 3 8 15 7 12 10 14 2 5 6 8 13 15
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Step 3.Go to gemba.

One of the unique activities in QFD is to go to ¢ieenba a Japanese term equivalent to the scene
of the crime in a detective show. Literally, it meavhere the truth can be learned. In addition to
interviews, community gatherings, and focus groutpecludes visiting customers at the site in
guestion to see how they live and work, what tgeals and ambitions are, how they live the
“jobs” of their life, and how they measure sucdestheir own terms. Input from thgembavisits

can include observations of behavior, spoken venisadocuments including photographs, videos,
etc. When these inputs are complex, it is sometuseful to reduce and clarify them into single
issue statements. We can also ask customers hgwniheesure their success or satisfaction with
these issues. Often their measurements are fatelgdssical than we imagine, but they form the
basis of whether the customer will feel satisfiedble 7 is an example of a Gemba Visit table
where verbatims are clarified and measurementseterClarified items can be translated into
commitments, as shown into in the Customer Voibéta Table 8.

Table 7. Gemba Visit table clarifying customer \aiims and how they measure satisfaction.

Interviewee: John Doe Interviewer(s) Ted Hopwood
Contact info jdoe@abc.org Date and Tim 30-Sep-03
Place: Historic Office - Bowling Green

Interviewee Characteristics (*memorable):

Environmeni Discussion of sub-division owner feedback from community meeting.

Process Clarified Items
Step Observations Verbatims Documents Notes (with measures)

Adequate sound barriers (reduce road noise so it
does not disturb sleep).

Adequate visual separation from road (cannot see
into adjacent homes)

"Country" view from lawn and windows maintained
(degree of "surrounded by woods" unchanged)

Berms are 2'

Old pine trees

will be No unwanted views of activities on Lover's Lane
relocated q "
(degree of "surrounded by woods" unchanged)
Ease of entry into sub-division (can identify where
. to turn in time)
Sub-division . - L L
q Easy to identify sub-division (sub-division name
entrances will S
L visible in time to turn)
be eliminated

Evoliicivitve af ciih divician maintainad (dacion
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Table 8. Customer Voice table translates clariiieohs into commitments.

promises/

clarified items

commitments

Adequate sound barriers (reduce road noise so it does not disturb sleep). |Berms and landscaping.
Adequate visual separation from road (cannot see into adjacent homes) Bridge aesthetics.
Interchange landscaping.
Multipurpose path.

"Country" view from lawn and windows maintained (degree of "surrounded |Berms and landscaping.
by woods" unchanged) Bridge aesthetics.

No unwanted views of activities on Lover's Lane (degree of "surrounded by |Interchange landscaping.
woods" unchanged)

Ease of entry into sub-division (can identify where to turn in time) Access.
Easy to identify sub-division (sub-division name visible in time to turn)
Exclusivity of sub-division maintained (design consistent with home
architectures)

No outages during construction (electricity, phone, water, gas Utility work.
uninterrupted)

No future utility failures due to digging, new plantings, etc. (electricity,

No health hazards resulting from construction dust, debris, flowers, weeds, [Median landscaping.
etc. (no new health care issues) Interchange landscaping.
Develop park.

Step 4 Prioritize Commitments.

While projects try to deliver all commitments td stlhkeholders, it is often impossible to fulfill a
wishes within the time and budget constraints. Qi matrices can be used to translate stake-
holder priorities into commitment priorities as shoin Table S.High priority commitments
should be designed to accommodate the clarifiedsite Table 8 in order to assure customer satis-
faction. The information derived in the above QREps can then be used to fine tune the ongoing
context sensitive design concepts.

QFD Model Il for Stakeholder Input for Design Copt&election

First time users of QFD as well as those who b&fib in the middle of a project may want to

integrate its methods into their existing processeduce resistance to change. In Model Il, the
concepts are already developed by the project teahthey want community input in order to cre-
ate the best plan. First, stakeholders would bastifted and prioritized as in Step 2 above. Then
the design concepts would be prioritized in a matvith prioritized stakeholders as in Step 4

above. Advanced techniques such as budget allocatither require mathematically sound meth-
ods such as AHP for prioritization and proportiodistribution of matrix relationships.
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Conclusions

QFD offers many potential benefits to SHAs in applyCSS to transportation project develop-
ment. It should improve the effectiveness of thesQfactice and enhance SHA efficiency. The
first step in applying QFD to transportation priégecs to inform the transportation sector about
QFD and how it can be used to facilitate projeatettgoment. Thereafter, QFD practitioners must
pursue opportunities to apply it on CSS projecte QFD Institute and KTC will pursue educating
the transportation sector through technical papgeested at the transportation audience and train-
ing to educate SHA officials employing CSS. Oppotties will arise for QFD practitioners as the
transportation sector is large and many multi-millidollar transportation projects are initiated
yearly. Beyond this lie the potential to apply QfDother projects/actions of federal agencies out-
side transportation that fall under the broad NEf#brella.
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