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Abstract 

The purpose of this research is to investigate, acquire knowledge, and better comprehend the 

transportation planning and modeling community.  This task is accomplished through the 

investigation of existing social and professional networks within this community by constructing 

and analyzing an abstract network representation of this community.  Specifically, this research 

explores the actors (i.e., professionals, agencies) and their relationships (i.e., ties, interactions, 

etc.) within the professional interpersonal (social) network where they conduct business on a 

regular basis.  Actors and relationships are represented in terms of a nodes and links within the 

constructed network.  The network is then analyzed in an effort to answer questions such as, who 

are the actors, where do interpersonal relationships exist, where are social structures found, what 

does the evolution of this community look like over time, and what can this evolution tell us.   

This study has collected information from transportation professionals directly associated 

with the decision-making, planning and/or modeling process within the transportation planning 

and modeling community.  The data is collected through an in-house designed online survey 

disseminated to the identified target audience.  The designed survey is structured to capture 

information required for the identification of actors and relationships (or entities and ties) within 

the transportation planning and modeling community. 

With the network constructed, analysis methods derived from mathematics, computer 

science and social network analysis fields are implemented to identify local and global patterns, 

“influential” actors, and collaborative structures as well as examine network dynamics, which 

transpire within the environment that these transportation professionals navigate, form bonds, 

and collect information on frequent basis.   
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Chapter 1 

Introduction 

1.1 Problem Statement 

The current literature and state of practice of the transportation planning community and working 

environment reveal a large portion of agencies (Metropolitan Planning Organizations (MPOs) 

and/or Council/Association of Governments (C/AOF)) have yet to adopt advanced travel models 

to support their modeling effort during metropolitan planning decision-making processes 

(Transportation Research Board of the National Academies 2007).  This simple, yet intriguing, 

observation as well as others have led to curiosity over the framework of the transportation 

planning and modeling community—who are the actors, where do interpersonal relationships 

exist, and where are social structures found? 

As a result of these interests, this research is aimed at investigating the state (i.e., abstract 

network) of the transportation planning and modeling community.  The overall goal of this study 

is to better understand existing social and professional networks within the identified community 

through the construction and analysis of a network representation of this community.  

Particularly, this research will explore the actors (i.e., professionals, agencies) and relationships 

(i.e., ties, interactions, etc.) that exist within the professional interpersonal (social) network in 

which these agencies conduct business on a day-to-day basis.  The research questions for this 

dissertation are the following: How is the transportation planning and modeling community 

composed?  How do relationships within the transportation planning and modeling community 

eventually influence the decision making process?   

There are several limitations in achieving the goals set for this research, specifically the 

objective to construct an abstract network realistically representing the transportation planning 

and modeling community.  The first and most important limitation is the lack of appropriate data 

for such an endeavor.  Contrary to popular belief, social networking sites typically distort the 

amount and genuineness of friendships, interactions, and collaborations.  To acquire such data an 

appropriate method must be devised, and in this case a survey is selected as the best tool.  

Utilizing a survey brings on secondary challenges associated with data collection, e.g., assurance 

of a well designed survey, properly defined sample, survey dissemination, unbiased responses, 

and of course an appropriate survey response rate.  Lastly, the third limitation is the possibility 
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that the collected data will not show any evidence of interactions, social structures and/or 

influence within the transportation planning and modeling community.   

1.2 Topic Importance and Motivation 

Social media (SM) has undoubtedly revolutionized how people interact with each other, with 

those either near or afar, from the inception of early technology like MySpace to the most 

influential platforms like Facebook, Twitter, Google+ and LinkedIn, etc. (Curtis 2014).  These 

platforms not only help represent certain characteristics of interpersonal relationships but also 

strengthen those relationships by providing a seamless and real-time communication platform.  

The notion of social network (SN) has transformed from a vague concept to something visual 

and analytical as evidenced by numerous tools and methods exploiting this information in SM.  

The concept of professional network (PN) focuses on the interactions and relationships of 

a business or professional nature (Boyd and Ellison 2007; Vascellaro 2007; Wikipedia 2014).  It 

is such relationships that facilitate the completion of business activities, advancement of careers, 

and in many ways, dissemination of professional knowledge and information, exchange of 

opinions, and at times even formation of certain decisions.  

The professional community in transportation in the United States and around the world 

is very well connected and even more so in the recent years with the facilitation of various 

communications means and professional network services.  The curiosity triggering this line of 

research inquiries is represented by the simple question: what role does the professional network 

play in a transportation professional’s gathering of information, and formation of opinions or 

even decisions?   

This research is partly influenced by two notable works by Transportation Research 

Board (TRB) and The United States Government Accountability Office (GAO); “Special Report 

288: Metropolitan Travel Forecasting Current Practice and Future Direction”  (Transportation 

Research Board of the National Academies 2007) and “Metropolitan Planning Organizations: 

Options Exist to Enhance Transportation Planning Capacity and Federal Oversight” (U.S. 

Government Accountability Office 2009).   

In preparation for the 2009 reauthorization of the federal surface transportation program, 

the United States Government Accountability Office (GAO) examined metropolitan planning 

organizations (MPOs) transportation planning (U.S. Government Accountability Office 2009). 

The results from that survey were used to inform Congress about MPOs’ current roles and 
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responsibilities, the challenges MPOs face in conducting transportation planning, federal 

oversight of MPOs, and possible ways to improve transportation planning. This information is 

critical as Congress considers legislation to reauthorize the federal surface transportation 

program (U.S. Government Accountability Office 2009).  The GAO survey is important to this 

research as the survey documents a rare glimpse into MPOs’ characteristics, connections, 

collaboration types, and the importance placed on such collaborations.   

Another issue motivating this research is that the SR288 report assesses the state of the 

practice in travel demand forecasting and identifies shortcomings in travel forecasting models, 

obstacles to better practice, and actions needed to ensure the use of appropriate technical 

approaches.  The report “provides assessment and recommendations for improvements and is 

designed for officials and policy makers who rely on the results of travel forecasting.”  Of the 

findings outlined in the report, one of particular importance to this research is one categorized in 

the “obstacles to the development and application of improved models”.  This obstacle is defined 

as “intergovernmental relations have changed over time.  Direct federal involvement and funding 

for the development of models and associated training have gradually decreased. Responsibilities 

for model development have devolved to the states and MPOs, with private-sector support. At 

the same time, federal planning and related environmental requirements for states and MPOs 

have grown.”  However more important is the general theme to recommendations made for the 

improvement of the multiple identified obstacles, “MPOs, state transportation agencies, and 

federal agencies should work cooperatively to establish appropriate goals, responsibilities, and 

means of improving travel forecasting practice.”  This includes “Individual MPOs and 

universities could form partnerships to foster research on travel modeling and the 

implementation of advanced modeling practice” and “support for model user groups” among 

others.  (Transportation Research Board of the National Academies 2007) 

These simple yet intriguing, findings have led to curiosity over the construct of the 

transportation planning and modeling community, in other words, who are the actors, where do 

interpersonal relationships exist, where are social structures found, and how this community 

evolves throughout time.   

From the review of the literature and previous work it is found that this is to be the first 

attempt at charting the social/professional network for the transportation planning and modeling 

community, although there has been works on the Transportation Research Board (TRB) 
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standing committees (Sanchez and Hall 2014).  This research is of particular importance due to 

great amount of system or environmental factors affecting transportation policy.  Such 

dependencies can have short and/or long term consequences on the actual physical transportation 

network as well as the utilized procedures, models, and software used for travel forecasting and 

modeling.  For this reason, it is important to have an understanding of the community making 

these decisions.  Some examples are: advanced transportation models/software promoted within 

the community, trending travel forecast methods, and an implemented project’s traffic impact.   

As a result of these interests, this research is aimed at investigating the state (i.e., abstract 

network) of the transportation planning and modeling community.  The overall goal of this study 

is to better understand existing social/professional networks within the identified community 

through the construction and analysis of a network representation of this community.  

Particularly, this research will explore the actors (i.e., professionals, agencies) and relationships 

(i.e., ties, interactions, etc.) that exist within the professional interpersonal (social) network in 

which these agencies conduct business on a day-to-day basis.  The research questions for this 

dissertation are the following:  who are the actors, where do interpersonal relationships exist, 

where are social structures found, what does the evolution of this community look like over time, 

and what can this evolution tell us. 

1.3 Dissertation Structure 

The remainder of this dissertation is structured as follows.  The next chapter (Chapter 2) is 

dedicated to performing an extensive and analytical literature review of the main topics 

discussed in this work:  transportation planning environment, advanced travel models, social 

networks, and social science.   

Chapter 3 delineates the framework undertaken for this research.  This research 

framework consists of four main sections.  The first describes the data collection process, the 

second covers the analysis of collected data, the third section is the construction of the 

professional network(s), and the last section consists of network analysis and experimentation.  

Chapter 4 analyzes results from another agency’s conducted survey in an effort to learn 

from these findings.  Although much is learned from this analysis, there is limited information in 

the shared data.   
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Chapter 5 describes the design of a dissertation survey to collect data that is 

representative of the transportation planning and modeling community.  The collected data are 

then analyzed and presented.   

Chapter 6 documents the construction, analysis, and validation of social networks using 

the collected data.   

Chapter 7 concludes this dissertation with a summary of the research findings, evaluation 

of these findings, and identified future work.   
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Chapter 2 

Literature Review 

2.1 Transportation planning environment 

United States Federal regulations require each urbanized area over a population of 50,000 to 

have a metropolitan planning organization (MPO) responsible for transportation planning.  

Currently, the U.S. has a total of 385 MPOs (in some areas they may be interchangeably known 

as regional council or association of governments (C/AOG)).  MPO’s five core functions are:  

(Meyer and Miller 2001)  

1. Establish and manage a level playing field for effective multimodal, intergovernmental 

decision making in the metropolitan area. 

2. Develop, adopt, and update a long-range multimodal transportation performance plan for 

the metropolitan area that focuses on three types of performance:  mobility and access for 

people and goods, system operation and preservation, and quality of life.   

3. Develop and continuously pursue an appropriate analytical program to evaluate 

transportation alternatives and support metropolitan decision making, scaled to the size 

and complexity of the region and to the nature of its transportation issues and the 

realistically available options. 

4. Develop and systematically pursue a multifaceted implementation program designed to 

reach all the metropolitan transportation plan goals, using a mix of spending, regulating, 

operating, management, and revenue enhancement tools. 

5. Develop and pursue an inclusive and proactive public involvement program designed to 

give the general public and all the significantly affected subgroups access to and 

important roles in the four essential functions listed above. 

 

Important driving forces behind changes in U.S. transportation planning are government 

legislation and regulation evolving over the past 50 years.  Among these transportation and 

transportation-related legislation and regulation are the Clean Air Act Amendments of 1990, 

Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991, Executive Order on 

Environmental Justice of 1994, Transportation Equity Act for the 21
st
 Century (TEA-21) of 

1998, Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users 
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(SAFETEA-LU) of 2005, and recently passed Moving Ahead for Progress in the 21st Century 

(MAP-21) (Federal Highway Administration).  In addition to federal mandates MPOs also have 

responsibilities under state law.  State laws can range from transportation fund allocation, 

environmental constraints, growth management to land-use planning roles, to name a few.   

During the transportation planning process MPOs collaborate with other government 

agencies (e.g., departments of transportation (DOT); federal, regional, and/or local transit 

providers; county and/or local transportation public works agencies; city planning departments; 

representatives from the state transportation and environmental protection agencies; and elected 

and appointed officials), universities, and consulting companies.   

Transportation’s influence on a region, its people, and environment is complex to 

capture, evaluate, and model.  The transport of goods and people often influence the overall 

growth/decline in the economy, ecosystems, and quality of life.  As transportation influences 

land-use and its patterns, the contrary is also true, land-use patterns affect travel demands.  

Acknowledging this existing mutual influence is imperative when evaluating transportation 

systems for adequate supply for present, current, and future demands as well as their linked 

impact on public policies.  Transportation planning plays this fundamental role. (Meyer and 

Miller 2001) 

2.2 Advanced travel models 

Transportation planning tools and models are employed to comprehend decision impacts on the 

region’s environments (e.g., economy, nature, and human) and transportation network through 

scenario evaluations.  The recommended scenarios are then implemented for maintenance, 

operation, management as well as the securing of financial support for the transportation system 

long-range plans.  A transportation modeler understands that for accurate preparation, 

calibration, and validation of a model, a beforehand careful coordination of resources (e.g., 

budget, staff, and decision makers), data handling (e.g., collection, preparation, and processing), 

along with other logistics are required. 

As models become ever more advanced and practical, agencies (public and private) are 

embracing them and using them to their advantage in the planning and modeling process.  But 

one may ask how individual MPOs define “advantage”?  Hence, determining and defining the 

role models play in the transportation planning and modeling process to produce “advantageous” 

results should be further investigated.  A model’s timeline within an agency is generally 
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described by two particular stages, the before and after application on any project.  In the first 

stage the model undergoes an extensive evaluation to ensure its initial employment as a 

worthwhile investment to the agency.  This evaluation spans a gamut of variables that will 

directly or indirectly determine its survival. 

2.3 Social networking media/sites  

Social networking sites have provided convenient realms for people to connect, communicate, 

and collaborate in both their personal and professional lives.  With readily available internet, 

technology, and device access more and more people become “connected” by joining these 

social networks.  There are so many interactions, Facebook has even developed algorithms to 

predict members’ relationship status (Draxler 2013; Edwards 2013; Backstrom and Kleinberg 

2014) through the “dispersion” measure—the extent to which two people’s mutual friends 

overlap.   

These digital lives however, may or may not be representative of real life.  In some cases, 

connections will not yield to real friendship or collaboration making this connection nonexistent 

in the real world.  In other cases, one of the connections is an imposter member, inflating the real 

person’s popularity in the social media of interest (BizShifts-Trends 2013; Graham 2014; Lee 

2014).  In either of these mentioned cases, these connections are not considered reliable for this 

research’s analysis purposes.    

2.4 Network science 

The network science field is an interdisciplinary scientific area which examines complex 

networks such as physical, informational, biological, cognitive, and social networks.  This field 

seeks to discover those common principles, algorithms, and tools that govern network behavior 

by utilizing theories and methods developed in mathematics, physics, computer science, 

statistics, and sociology.  The United States National Research Council (Committee on Network 

Science for Future Army Applications 2006) defines network science as "the study of network 

representations of physical, biological, and social phenomena leading to predictive models of 

these phenomena."  This research further investigates the various findings this field offers, 

however, particular attention will be paid to social networks and the various methods used for 

their construction and analysis.   
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2.4.1 Social Network (SN) theory 

Social network is a theoretical construct established in the 1930s.  Major developments in social 

networks (SN) and their analysis (SNA) were performed by research groups in the 

interdisciplinary academic fields of social psychology, anthropology, and mathematics working 

independently (Scott 2000; Carrington et al. 2005).  Social networks are utilized to study 

individuals, groups, and/or organizations (points) and their social relationships to one another 

(ties).  Established social networks (or sociograms) allow researchers to acquire perspective and 

means to analyze the structure of entire social entities.  Jacob Moreno is credited with devising 

the first “sociogram” in 1933 as a way of representing the formal properties of social 

configurations (Scott 2000).   

Social network theories were mathematically formalized in the 1950s predominantly by 

researchers at Manchester University (e.g., Barnes, Bott, Mitchell, and Nadel) and crucial 

breakthroughs made by scholars at Harvard (White and colleagues).  By the 1980s the power of 

social network analysis had become apparent in its use as an orientating idea and specific body 

of methods becoming vital to the social and behavioral sciences (Scott 2000).   

 

“…if the formal concepts prove to be useful ways of organizing relational data, then the 

theorems too should be applicable to those data.  The application of theorems drawn 

from formal mathematics, then, ‘reveals real world implications of the model that might 

otherwise have not been noticed or utilized by the designer of the model (Barnes and 

Harary, 1983: 239).” (Barnes and Harary 1983; Scott 2000) 

 

As mentioned social network analysis (SNA) views individuals’ social relationships 

through the eyes of graph/network theory by represented nodes and links.  The constructed 

analytical diagrams (or sociograms) allow researchers to acquire perspective and means to 

analyze the structure of entire social entities.  Researchers are able to identify leaders or isolated 

individuals, visualize channels of information flow, uncover asymmetry or reciprocity among 

individuals, and map chains of connections.  Hence, they can answer the burning question of 

how important a particular individual is in their respective social networks (professional, leisure, 

etc.) (Frank 2014).  
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Complex social networks such as the transportation planning environment are a perfect 

example for the implementation of SN theory due to the wide amount and array of elements and 

respective properties composing it.  These elements are defined as different types of entities 

(e.g., professionals, companies, organizations, universities, membership organizations, software, 

etc.) as well as dyadic ties connecting these entities that are also vast, (un)reciprocated, weighted 

differently, and asymmetrically weighted.  Dealing with such network properties, multi-mode 

and weighted, confirms the additional levels of complexity involved for the management and 

analysis of this network.  Further, a static versus a temporal (or dynamic) network will definitely 

add to the complexity of this network.   

2.4.2 Social network analysis 

Social network analysis is the methodical analysis of social networks.  It views social network 

analysis a social relationships in terms of network theory consisting of nodes and ties.  Nodes 

represent the actors within the network while ties represent the relationships between these 

actors.  These networks are often depicted in a social network diagram (or sociogram) where 

nodes and ties represent points and lines, respectively.  The mathematical representation of the 

social network, or as referred to interchangeably the professional network, can be represented by 

graph theory, where the graph        , where   is the set of all nodes and   is the set of all 

ties/edges in the network.  Relational matrices will be produced for the network in form of 

incidence, adjacency, distance, and admittance (Laplacian) matrices along with other measure 

matrices to reflect information collected from the network.  (Tichy et al. 1979; Scott 2000) 

Complex sets of relationships between members of social networks are identified by 

defined network metrics.  Metrics are generally divided into three categories of network 

description; connections, distributions, and segmentations.  The connections category focuses on 

the description of ties among network actors/objects/entities.  The distributions category explains 

how entities are dispersed over the network area.  Lastly, the segmentation category conveys 

how entities are grouped together to form clusters.  (Scott 2000) 

2.4.2.1 Connections 

Connections are classified into different forms for the reason that not all social relationships are 

treated equally.  Distinction of such connections will distinguish those relationships viewed as 

more important over others.  For example, propinquity is defined as the preference for actors to 
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have more ties with other actors who are geographically close (Kadushin 2012).  On the other 

hand, reciprocity (or mutuality) is the extent to which two actors reciprocate each other’s 

friendship or other interaction (Kadushin 2012).  And homophily is actors forming ties with 

similar versus dissimilar others, where similarity is defined by any significant characteristic.  

This concept is thoroughly discussed in McPherson, Lovin, and Cook’s work “Birds of a 

Feather: Homophily in Social Networks” (McPherson et al. 2001).   

2.4.2.2 Distributions 

The distribution notion, as it suggests, is the description of the distribution of actors over an area 

(or network).  Likewise, distributions are defined by several different techniques.  To begin, a tie 

strength is defined by the combination of time, emotional intensity, intimacy and reciprocity 

(Granovetter 1973).  Two instinctive methods to determine distribution are distance and density.  

For the distance measure one can determine minimum number of ties required to connect two 

particular actors, i.e., shortest path, or narrow down to k-shortest paths required to connect two 

particular actors.  Density is defined as the direct ties in a network relative to the total number 

possible.  Further, structural holes are the absence of ties between two parts of a network while a 

bridge is the only link between two individuals or clusters (a bridge can also be defined as weak 

ties filling a structural hole).  Granovetter (Granovetter 1973) defined a bridge as including the 

shortest path when a longer one is unfeasible due to a high risk of message distortion or delivery 

failure.  Last but not least, another method to quantifying the "importance" or "influence" (in a 

variety of senses) of a particular actor within a network is the centrality group of metrics.  

Common centrality methods are betweenness, closeness, degree, and eigenvector centrality.  

Centrality determines the relative importance of a vertex within the graph (Freeman 1978).  

Other studies have developed methods to quantify node similarity (Leicht et al. 2006) while 

others have used node similarity to discover missing links in networks (Chen et al. 2012). 

Absolute centrality (also known as degree) is defined as the number of adjacent nodes    

in the network to a particular point    (Freeman 1978).   

 

Absolute centrality                 

 

   

         Equation 1 

where, 
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Further, since    can at most be adjacent to     other points in a graph then the 

maximum of        is equal to    , hence the degree proportionality (in other words relative 

centrality) is defined as the following:  (Freeman 1978)   

 

Relative centrality   
      

          
   

   
 Equation 2 

 

Global centrality (or closeness)        
     

 

   

        Equation 3 

 

The following subsections elaborate and provide mathematical equations for some of the 

above discussed distribution methods as well as other methods proposed in the literature.   

2.4.2.2.1 Closeness 

The independence of a point is determined by its closeness to all other points in the graph or its 

global centrality.  It can be measured by summing the shortest path distances from that point    

to all other points in the graph,    .  In other words this is the inverse centrality of the node.  If 

         is defined as the shortest path between nodes    and   , then closeness is calculated as 

follows. 

 

Closeness        
 

         
 
   

   Equation 4 

2.4.2.2.2 Betweenness 

Betweenness is a measure of the influence a node has on the spread of information through the 

network (Freeman 1978; Wasserman and Faust 1994; Newman 2005).  A node in a network may 

serve as a link between two nonadjacent nodes, known as betweenness.  This between node 

serves as a cut-point in the shortest path (geodesics) connecting the two nonadjacent nodes hence 

its removal will cause the resulting space to be disconnected via this shortest path.  This 

relationship can be explained in terms of probabilities.  Let     be the number of paths linking 
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nodes    and   .  The probability that a path passes through    is    hence         is the number 

of shortest paths linking nodes    and   .  This results in the following equation (Freeman 1978).  

Additional distribution measures, such as Bonacich Power (Bonacich 1972; Bonacich 1972; 

Bonacich 1987) and Katz Centrality (Katz 1953).  Katz centrality computes the relative influence 

of a node within a network by measuring the number of the immediate neighbors (first degree 

nodes) and also all other nodes in the network that connect to the node under consideration 

through these immediate neighbors (Katz 1953). 

 

Betweenness        
            

   
 
   

   
                Equation 5 

2.4.2.3 Segmentation 

Segmentation is the process of clustering actors as groups (Scott 2000).  Groups are identified 

differently depending on the ties the group is composed of.  For example a group is known as a 

“clique” if every individual is directly tied to every other individual, a “social circle” is a group 

which is less stringent of direct contacts to every other individual, and a “structurally cohesive 

block” if more stringent of direct contacts (Hanneman and Riddle 2011).  Cohesion is defined as 

the degree to which actors are connected directly to each other by cohesive bonds (Moody and 

White 2003).  Structural cohesion refers to the minimum number of members who, if removed 

from a group, would disconnect the group. 

In 1963, Mr. Ward proposed a method for forming hierarchical groups of mutually 

exclusive subsets, each of which has members that are maximally similar with respect to 

specified characteristics and whose use is most appropriate for large-scale studies when a precise 

optimal solution for a specified number of groups is not practical (Ward 1963).  Ward’s 

minimum-variance method takes the distance between two clusters, ANOVA sum of squares 

between the two clusters, and adds them over all the variables.  This method is one of various 

clustering methods used by the SAS software (SAS Institute 2009). 

2.4.2.4 Innovation, Information Exchange, and Knowledge Networks 

Social networks have been shown to be important channels for the diffusion of information and 

social influence (West et al. 1999).  Formal and informal network channels are undoubtedly 

ways professionals hear about innovations and experience pressures to conform to standardized 
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practices.  Social network measures such as density, centrality and centralization are 

characteristics linked to such information access, social influence, and social control processes.  

These measures will aid in the identification of the dissemination of knowledge flow in (intra-

group) and throughout (inter-group) the surveyed organizations.   

In their research Kaza and Chen (Kaza and Chen 2010) have identified three primary 

requirements for a measure to correctly identify high-status nodes in a knowledge network of 

inventor collaborations.  These requirements account for diversity of knowledge, random 

diffusion, and parallel duplication.  Diversity of knowledge implies a high status inventor is 

likely to receive knowledge from different parts of the network.  Random diffusion implies 

knowledge doesn’t select a preferred path (i.e., shortest path) of travel through a network.  

Parallel duplication implies multiple copies of the same knowledge can exist in a network.  As 

summarized by these authors, Table 2.1 (Kaza and Chen 2010) below reviews important 

centrality measures and classifies them based on their defined requirements.   

 

Table 2.1  Centrality measures and knowledge flow assumptions  

Measure Intuition / Formulation 
Knowledge Flow 

Assumption 

Required (D, 

R, P) 

Closeness centrality 
Sum of geodesic distances from all other 

nodes 

Shortest path, no 

parallel duplication 
 

Betweenness centrality 
Number of times a node is on the shortest path 

between two nodes 

Shortest path, no 

parallel duplication 
D 

Degree centrality Node is central if it has a high degree 
1-link paths, parallel 

duplication  
P 

Bonanich power 
Node is central to the extent that it is 

connected to other central nodes 

Random diffusion, 

parallel duplication 
R, P 

Information centrality 
Harmonic mean of lengths of paths ending at a 

node 

Random diffusion, no 

parallel duplication 
R 

Flow betweenness 

Flow through a node when a maximum 

amount of flow travels between source and 

target 

Defined path, parallel 

duplication 
D, P 

Structural holes 

Non-redundancy of a node’s neighbors and 

the links between them (usually 1-link 

neighborhood) 

1-link paths, parallel 

duplication 
D, P 

Random-walk centrality 
Speed at which a random walk reaches a 

target node 

Random diffusion, no 

parallel duplication 
R 

Random-walk 

betweenness centrality 

Number of times a random-walk between a 

source and target passes through a node 

Random diffusion, no 

parallel duplication 
D,R 

D: Diversity of knowledge, R: Random diffusion, P: Parallel duplication 
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2.4.3 Edge Prediction and Validation  

Edge prediction is a challenging research topic within link mining that has proven to aid in the 

knowledge of networks.  Edge prediction employs methods adapted from graph theory and social 

network analysis.  Two main data sources (or approaches) represent edge prediction, the first 

approach employs a node’s attributes (Popescul and Ungar 2003) to make such validation while 

the second employs network properties (Liben-Nowell and Kleinberg 2003; Huang 2006) 

surrounding the node (e.g., node’s connections).   

Given the data collected by the dissertation survey focuses more on network 

extraction/construction and less on node’s attributes, it is conclude the second approach is the 

most appropriate for edge validations of this dataset.  Further, edge weights are calculated and 

available for edge validation through implementation of what are called weighted graph 

proximity measures (Liben-Nowell and Kleinberg 2003; Murata and Moriyasu 2007).  

Overall, edge prediction consists of calculating a connection weight            for each 

pair of nodes       based on the input graph  .  A decreasing rank list of the calculated 

           under various predictors is then produced to determine the proximity of nodes   and 

 .  Various proposed edge validation methods are listed in Table 2.2 below based on the 

literature (Newman 2001; Liben-Nowell and Kleinberg 2003; Liben-Nowell and Kleinberg 2007; 

Murata and Moriyasu 2007).   

The distance methods take the shortest path lengths from node   to node  .  This method 

sums all intermediate link values from starting node   to end node  .  For the unweighted 

distance method, existing link values equal 1 if a connection exists while nonexistent 

connections equal 0.  On the contrary, link values for the weighted distance method equal a 

calculated weight   while nonexistent connections equal 0.  

The Katz coefficient (Katz 1953) method sums the over the collection of all paths from 

node   to node  .  This method takes the set of all length   paths        
   

 and multiplies them by 

parameter   .  Notice longer paths are counted less heavily than shortest paths, due to the 

exponential dampening by   .  Again, weighted and unweighted distances are considered in this 

method.   

The common neighborhood method is based on finding the number of neighbors nodes   

and   have in common,          .  This method is based on the assumption that the more 

neighbors these nodes have in common, the more likely nodes   and   will form a (direct) 
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connection.  Another common neighbor method is Jaccard’s coefficient (Salton and McGill 

1983) which measures the probability that nodes   and   have a common neighbor, for a 

randomly selected feature/neighbor that either nodes   and   has.  Similarly, Adamic and Adar 

(Adamic and Adar 2003) define the nodes   and  ’s common neighbors and weighting rarer 

neighbors more heavily.  Jaccard’s coefficient is often used in similarity metric in information 

retrieval and Adamic/Adar are used to determine similarities in home pages.   

Barabasi and Albert (Barabási and Albert 1999) proposed an algorithm for generating 

random scale-free networks using a preferential attachment mechanism.  A preferential 

attachment is famously known as the growth model of the Web network and is based on the 

assumption that the probability that a new link is connected to node z is proportional to the 

number of its neighbors. 

 

Table 2.2  Edge validation methods for score(x,y) calculation 

Prediction methods Mathematical equation  

Path based 

Distance  

(uniform weight) 
        

where  

unweighted distance:= degree of separation or sum 

of links from   to   

        1 iff x and y connection exists, 0 

otherwise 

Equation 6 

Distance  

(calculated weight) 
        

where  

weighted distance:= sum of link weights from   to   

        link weight   iff x and y connection 

exists, 0 otherwise 

Equation 7 

Katz coefficient  
            

    
 

   
 

where 

       
      set of all paths of length   from   to   

Equation 8 

Node neighborhood based 

Common neighbors             

where  

set       are neighbors of the node   in   

Equation 9 
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Prediction methods Mathematical equation  

Jaccard’s coefficient            

           
 

Equation 10 

Adamic/Adar 
 

 

         
           

 
Equation 11 

Barabasi-Albert (BA)  

model 
   

  

      
 

where  

       

set       are neighbors of the node   in   

   is the degree of node   

Equation 12 
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Chapter 3 

Methodology 

The research framework is composed of four sections.  The first section describes the data 

collection process, which entails the processing and extraction of responses of a dissertation 

designed and conducted survey, also known as an “in-house” survey.  This data will form the 

basis for any utilized and developed methods and techniques throughout this research.  In the 

second section the collected data will be analyzed through various statistical and network work 

science (i.e., graph theory) techniques.  The third section is the construction of the professional 

network(s) given the elements defined in sections 3.1 and 3.2.  The fourth and last section 

consists of identifying, testing, and predicting characteristics and behaviors of and within the 

created network(s) under particular situations.  The overall research framework is presented in 

Figure 3.1 below. 

 

 

Figure 3.1  Research Framework 
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3.1 Data Collection 

The data collection process consists of acquiring results from a previously conducted surveys as 

well as designing a dissertation survey in order to determine characteristic and relational data of 

entities in the professional network.  In addition, this data is to support and test the research 

hypotheses presented in Chapter 1.   

Surveys have become widely used and acknowledged research tool.  As a research 

technique in professional disciplines, survey research has accumulated considerable credibility 

throughout the years.  The ultimate goal and fundamental advantage of sample survey research is 

the ability to generalize an entire population by drawing inferences based on data derived from a 

small sample (portion) of that population.  To accurately derive generalizations systematic, 

scientific, and orderly procedures must be applied by the researcher.  With this in mind, 

conducting a survey is the best method to collect information for the support of this research.   

With regards to the survey, the acquired and conducted survey information used for 

analysis, model development, and model validation is completed by all respondents is assumed 

as truthful, unbiased, and is not deliberately influencing survey results towards a specific 

outcome.  Further, it is assumed the collected data is a proper representation of the population 

and each collected record has been correctly extracted (or translated) from original surveys’ 

mediums to the analysis medium.   

The survey of interest to this research was conducted by United States Government 

Accountability Office (GAO) in September 2009 and is titled “Metropolitan Planning 

Organizations: Options Exist to Enhance Transportation Planning Capacity and Federal 

Oversight” (U.S. Government Accountability Office 2009).  The survey’s responses will be 

analyzed through various characterization and statistical techniques with the purpose of 

classifying the different types of MPOs (i.e., characteristics) in existence within the 

transportation planning environment along with their connections and importance placed on such 

connections.  In other words, the goal is to identify the players and who they interact with.   

The purpose of conducting the dissertation survey is to build upon knowledge and 

inspiration acquired from the GAO survey.  In particular, this survey will focus on strengthening 

what is defined as a “limitation” in the GAO survey as far as this research is concerned.  This 

limitation is the fact that no “social ties” within and among other MPOs can be deciphered from 

the collected responses due in part to redacted personal/organization or other identifying 
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information from documents due to a public disclosure pledge
1
.  The other contributor to this 

limitation is the sole fact that the survey was not designed with the objective of measuring 

“social ties” in mind, although a few questions may indirectly shine a faint light on them.   

The following sections further elaborate on the above mentioned GAO survey dataset as 

well as the reasons behind electing to utilize a designed dissertation survey.   

3.1.1 Government Accountability Office (GAO) Metropolitan Planning Organizations 

(MPOs) survey 

The results from the United States Government Accountability Office (GAO) survey were used 

to inform Congress about MPOs’ current roles and responsibilities, the challenges MPOs face in 

conducting transportation planning, federal oversight of MPOs, and possible ways to improve 

transportation planning.  (U.S. Government Accountability Office 2009).   

The GAO survey consists of three main sections with a total of 46 multiple-choice 

(closed-ended) and short answer (open-ended) questions designed to paint a picture of MPOs 

throughout the nation.  The majority of these questions are composed of multiple responses 

related to the main question attempting to prove further in-depth knowledge.  The last two survey 

questions are added to provide the responder with space for additional comments and/or 

questions.  The GAO report presents the results of the survey in summary form and does not 

identify individual MPOs. 

To support the research conducted in this document, a copy of the survey data collected 

by GAO was requested.  Responses to the survey will enlighten this research with existing MPO 

types, relationships/coordination that exist in an MPO’s environment, and the level of 

importance placed on coordination.  This will set a benchmark for any hypothesis and testing 

developed further in the research.  Note, before the data was provided names of the MPOs and 

other identifying information from the document were redacted by GAO staff for privacy 

purposes.  A total of 328 records (or responses) for 42 out of 46 asked questions are provided by 

GAO.  Of those 42 questions, four of the questions are open-ended questions and 22 of the 

questions elaborate on the “other option” of the multiple choice question
2
.   

Regarding the GAO survey, of relevance to this research are questions that focus on 

characteristics identifying MPO types, relationships/coordination that exist in an MPO’s 

                                                 
1
 On the basis of 4 C.F.R. § 813.6(l), which exempts from release records GAO has obligated itself not to disclose.   

2
 Note:  Record information for the written explanations of questions were purged during the decoding process; 

complicating the record tracing process. 
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environment, and the importance placed on coordination.  A list of possible target questions, 

along with specific sub-questions of interest is found in Table 3.1 below.   

 

Table 3.1  Questions of interest from the GAO survey 

PK Question # Question Subquestion(s) Category* 

1 Q2 What best describes your MPO staff’s structure?  AC 

2 Q3 Does your MPO represent a multi-state area?  AC, L 

3 Q4# Which of the following types of officials are members 

(including both voting and non-voting) of your MPO’s 

board and/or committee(s)? 

a, b, c, h L, LS 

4 Q7 In addition to the federally-mandated transportation 

planning duties, does your MPO have any of the following 

responsibilities? 

e, f, i, j AC, CW 

5 Q8# How, if at all, does your MPO coordinate its planning 

activities with the following types of organizations? 

a, b, c, d, e, f, k T, TS 

6 Q13 Which agency performs most, if not all, of the travel 

forecasts for your MPO’s long range plan? 

 AC, T 

7 Q14 Why do you not use in-house MPO staff to conduct travel 

forecasts? 

 AC 

8 Q15 Is a travel demand model used to develop a travel forecast 

for your MPO’s long range plan? 

 AC 

9 Q16 What travel demand model types(s) does your MPO use?  AC 

10 Q17 To what extent, if at all, does your MPO use travel 

demand modeling to carry out the following planning 

activities? 

a, b, c, d, e, g, i AC, CW 

17G – T, 

TS 

11 Q18 Does your MPO’s travel demand model specifically 

quantify (i.e., forecast) the following modes of 

transportation? 

 AC 

12 Q19 Typically, how often is the travel model your MPO uses 

validated? 

 AC, CW 

13 Q22# In your opinion, how much of a challenge, if any, is each 

of the following factors in meeting the travel demand 

modeling needs of your area for transportation planning? 

all AC, CW 

14 Q25# How important, if at all, are the following when 

determining which projects to include in your MPO’s long 

range plan (generally called the Metropolitan 

Transportation Plan)? 

c, e, h, j AC, CW 

15 Q26# How important, if at all, are the following when 

determining which projects to include in your MPO’s 

short range plan (generally called the Transportation 

Improvement Program)? 

c, e AC, CW 

16 Q27# In your opinion, how much of a challenge, if any, do the 

following issues present for your MPO in carrying out the 

federal requirements for transportation planning? 

all AC, CW 
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PK Question # Question Subquestion(s) Category* 

17 Q28 Is your MPO part of a transportation management area 

(TMA), that is, an urbanized area larger than 200,000 

population? 

 AC 

18 Q37# To what extent, if at all, does your MPO use the following 

indicators to evaluate its effectiveness? 

all AC, CW 

19 Q38# Regardless of your individual answers to question 37, 

from your perspective, how useful, if at all, could the 

following indicators be for evaluating the effectiveness of 

MPOs? 

all AC, CW 

20 Q40# From your MPO’s perspective, to what extent would the 

following changes improve the effectiveness of your 

MPO? 

d, e AC, CW 

*AC=Agency characteristic, CW=Characteristic weight, T=Tie, TS=Tie strength) 

 

Further, these questions can be classified into several categories and subcategories that 

will help better explain the collected data.  The categories are “agency characteristics” and “tie” 

and the subcategories are “agency characteristics weight” and “tie strength”.  Figure 3.2 is a 

representation of the GAO survey questions as classified into these categories.   
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Figure 3.2  Classified GAO survey questions 

 

3.1.2 Dissertation survey 

In an endeavor to better understand the transportation planning and modeling environment it is 

felt a survey technique is the best method to achieve this goal.  Conducting a survey has well 

known advantages and disadvantages.  In this case the advantages justify proceeding with this 

technique.  For example, when properly implemented, a survey is a reasonably accurate method 

of collecting data.  This offers the opportunity to reveal characteristics of communities by 

studying individuals who represent these entities in a relatively unbiased and scientific manner.  

The technique allows for the ability to generalize about the population by drawing inferences 

based on data drawn from a sample of that population.  Further, a well-structured survey will 

generate standardized responses (or data) that are suitable to quantification and can easily be 

computerized and statistically analyzed.   

AGENCY CHARACTERISTICS (AC)

· MPO staff structure (Q2)

· Multi-state representation (Q3)

· Reason for not using MPO staff for TD (Q14)

· Access to models (Q22B)

· LRP project inclusion (Q25#)

· SRP project inclusion (Q26#)

· Challenges for carrying out federal 

requirements (Q27#)

· Size (Q28)

· Use of indicators to evaluate MPO 

effectiveness (Q37#)

· Usefulness of indicators to evaluate MPO 

effectiveness (Q38#)

· Changes that would improve effectiveness of 

MPO (Q40#)

· Duties

· Travel demand modeling (TDM)

· Travel forecast (TF)

AGENCY CHARACTERISTICS WEIGHT (CW)

· Other responsibilities (Q7#)

· TDM used for planning activities (Q17#)

· TM validation frequency (Q19)

· Challenges of TDM (Q22#)

· LRP project inclusion (Q25#)

· SRP project inclusion (Q26#)

· Challenges for carrying out federal 

requirements (Q27#)

· Use of indicators to evaluate MPO 

effectiveness (Q37#)

· Usefulness of indicators to evaluate MPO 

effectiveness (Q38#)

· Changes that would improve effectiveness of 

MPO (Q40#)

TIE (T)

· Multi-state representation (Q3)

· Official membership (Q4#)

· Agency coordination (Q8#)

· Agency performing TF (Q13)

· Providing TDM services to others 

(Q17G)

DUTIES

· Other responsibilities (Q7#)

· TDM used for planning activities 

(Q17#)

TRAVEL FORECAST (TF)

· Agency performing TF (Q13)

· Reason for not using MPO staff for 

TD (Q14)

· TDM used for TF (Q15)

· TDM used for future TD (Q17A)

TRAVEL DEMAND MODELING (TDM)

· TDM used for TF (Q15)

· TDM used (Q16)

· TDM used for planning activities 

(Q17#)

· TDM quantified modes (Q18)

· TM validation frequency (Q19)

· Challenges of TDM (Q22#)

TIE STRENGTH (TS)

· Official membership (Q4#)

· Agency coordination (Q8#)

· Providing TDM services to others 

(Q17G)



 

Page 40 

Conversely, disadvantages associated with the survey technique need to be mitigated in 

an effort to prevent induced bias, leading questions, unclear/misunderstood/confusing questions, 

and low survey response rate, among other issues that may lead to inferior responses and 

datasets.  Taking these precautionary measures will help diminish such issues and lead to 

credible responses and study.   

The dissertation survey is aimed at recruiting individuals directly involved in 

transportation policy and planning process and transportation modeling community, such as 

Metropolitan Planning Organization (MPOs), Association/Council of Governments (A/COG), 

and Department of Transportation (DOT) from across the nation.  Their involvement and 

experience should consist of decision making roles, direct modeling or decision making with 

regards to these models.  The purpose of surveying these individuals is to get a better 

understanding of the overall transportation planning environment, agencies’ composition, and 

existing relationships within this environment.  Overall, investigating this community is 

important to this research as it will provide information into the transportation policy and 

planning process for cities, regions, and states.  However, to get a complete picture of the 

transportation planning environment individuals belonging to supporting groups (e.g., 

universities, research companies) also need to be accounted for in order to get a true picture of 

the transportation planning environment.   

The survey is to be completed online and supplemented with telephone or personal 

interview where required.  The survey is to be produced using specialized survey software and 

will be hosted by a secure host.  Telephone interviews are to be conducted by the PI through a 

provided telephone number and convenient time arrangement.   

The survey is to be completed wherever the subject has access to the Internet.  This will 

mostly take place at the subject’s workplace or home.  The targeted subjects will be 

transportation planning agency directors, engineers, researchers, modelers, planners, 

stakeholders and/or other persons directly involved in transportation planning from across the 

nation.   

To ensure the appropriate agency personnel is contacted and completes the survey, and 

that their data is considered for results analysis the following actions will be performed.  A 

statement defining the target audience will be placed in all advertisements, notices, call for 

subjects, emails, and in the web-survey itself, a second screening round will be performed based 
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on the basic personal information requested from the subject.  The United States has 385 MPOs.  

The team hopes to have a conservative 20 or higher response rate from the web-based survey.   

· A 95 confidence level and 12 confidence interval for a 385 population yields a 57 sample 

size (approximately 14.8 percent) 

· A 95 confidence level and 11 confidence interval for a 385 population yields a 66 sample 

size (approximately 17 percent) 

· A 95 confidence level and 10 confidence interval for a 385 population yields a 77 sample 

size (approximately 20 percent) 

All survey results will be taken into account for the preliminary analysis.  In particular, the team 

has in mind the multivariate data analysis and cluster analysis techniques for this task.  A random 

sample representing each cluster will then be taken for secondary analysis.  The secondary 

analysis consists of a phone or personal interview with the randomly selected MPO.  This 

interview is to ask follow up questions on some of the questions of most interest to the team.   

Table 3.2 is a depiction of the time schedule for the designed dissertation  survey.  The 

entire process is divided into eight tasks spanning an approximate fifteen week time period (or 

four months).  The tasks include but are not limited to survey preparation, advertisement, 

cleanup, computer processing, and data analysis.   

 

Table 3.2  Tentative dissertation survey process time schedule 

Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Task1 
 

Prepare and 

pre-test survey 

instrument; 

select sample 

            

Task2 
    

Advertise 

survey            

Task3 
     

Initial e-mail 
        

Task4 
       

Second 

e-mail         

Task5 
        

Third e-mail 
      

Task6 
          

Clean and 

postcode 

questionnaire 
    

Task7 
            

Computer 

processing   

Task8 
              

Data analysis 

and report 

preparation 
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3.1.2.1 Survey pre-testing  

Before the survey is disseminated to the entire population of transportation professionals, a few 

professionals were approached to serve as survey pre-testers.  At this point, the survey has been 

developed close to conditions where the asked questions will obtain the information necessary to 

achieve the goals of the study.  Pre-testing is conducted to ensure the following:  questions and 

possible responses are clear and thorough, the survey is comprehensive and unbiased, 

information is feasible to obtain, and the proper use of terminology.  In other words, the overall 

quality of the survey will be assessed and refined during this process.  Based on the pre-testers’ 

experience, it will lead to a fine-tuned version of the survey that will be ready for the actual 

survey process.  Once the pre-testing process is completed, the draft survey is taken again by 

some of these same responders to ensure that the questions were relevant, clearly stated, and easy 

to comprehend, but also to produce a small case study network.  This sample network will 

become the test bed for all procedures to be incorporated and developed for the complete 

network.   

3.2 Data Processing and Analysis 

Before the data analysis process can begin, the collected data must undergo several processes to 

ensure only the highest-quality data is utilized.  The data must be cleaned and validated by 

removing, modifying, or replacing any incomplete and/or incorrect records.  Further, data must 

be coded or transformed into a format that is easier for the analysis process.  This transformed 

data will then be entered into databases for effortless querying.  After these steps the next stage, 

the actual data analysis, can begin. 

Recall that data collected from a survey are organized in terms of variables.  These 

variables represent a specific characteristic of the population the survey is attempting to capture.  

In other words, each variable is associated with a set of categories that describe the nature and 

type of variation associated with the characteristics.  Survey variables have distinct measurement 

properties, known as levels of measurement.  These levels of measurement are generally 

decomposed into categorical (“nominal” and “ordinal”) and quantitative (“interval”) scales.  The 

“nominal” scale represents labeled categories; the “ordinal” scale describes order, but not 

relative size or degree of difference between the items measured; and the “interval” scale not 
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only implies a ranking but is also associated with certain degree of difference that determines by 

exactly how much the categories of the variable differ.   

Any collected social network data documenting relational aspects of the environment is 

held in data lists or matrices representing the raw or processed data.  In its simplest form, a 

matrix is a table of figures with each row or column representing a scenario or variable.  The 

data within the matrix represents the attribute given specific row and column.   

3.2.1 Statistical analysis 

After the data processing is completed, basic descriptive and statistical analysis will be 

conducted on all the collected data.  This includes determining the data response type (nominal, 

ordinal, and/or interval), number of records, missing (e.g., no response or unanswered) records, 

and calculating sum totals, minimums, maximums, averages, and average deviation.  

Determining the level of measurement (i.e., data response type) is an important step that should 

not be overlooked as it will aid in determining the statistical analysis most suited for the data 

variables at hand.  Table 8.1 in Appendix section 8.1 (UCLA: Statistical Consulting Group ; du 

Prel et al. 2010) has been composed to facilitate this process.  This table provides a general 

guideline for choosing an analysis type considering the nature of the variables; i.e., number and 

type (dependent or independent).   

A brief view of the GAO survey’s collected data (Table 4.2) indicates the majority of the 

variables are categorical (nominal and/or ordinal scale).  In addition, it is expected for most of 

the dissertation survey’s intended questions to fall in this same category.  This means statistical 

analysis methods for this type of variables needs to be considered.  By referencing Table 8.1 the 

recommended statistical analysis are the following:  Chi-square, Phi coefficient (2x2), 

Contingency coefficient, Tetrachoric correlation, Yule’s Q (2x2), Lambda, Cross tabulation, 

Non-metric MDS (Multi-dimensional scaling), and/or Chaid.  Throughout this research some of 

these methods will be explored and implemented in efforts to comprehend the population’s 

characteristics. 

To begin the analysis, one must first choose which variable should be treated as the 

independent variable.  If this is unclear, a statistical measure lambda ( ) is available to help in 

this determination.  Calculations for this case resulted in negligible association for instances 

when both variables were treated separately as the independent variable.  Lambda value as well 

as Cramer’s V and phi ( ) measure the strength of the relationship between variables.  However, 
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Cramer’s V and phi ( ) are derived for nominal data directly from the calculated chi-squared 

statistic.  Alternatively the contingency coefficient ( ) can be used, although it suffers from the 

disadvantage that it does not reach a maximum of 1 or the minimum of -1.  Refer to the 

Appendix in Chapter 8 for these equations and interpretation.   

The chi-squared test is the only significance test available for such nominal and ordinal 

type of variables.  The chi-squared test of significance is concerned with differences between the 

obtained frequencies (   ) from the sample survey and the expected frequencies (   ) if there 

were no differences among the categories of the variables.  The null hypothesis (  ) is the 

assumption that no difference exists among the categories of the variables while the alternative 

hypothesis (  ) assumes a difference exists among the categories of the variables.  In other 

words, the null hypothesis states that knowing the level of Variable A does not help you predict 

the level of Variable B while the alternative hypothesis is that knowing the level of Variable A 

can help you predict the level of Variable B. 

  : Variable A and Variable B are independent.  

  : Variable A and Variable B are not independent. 

To determined if the null hypothesis is rejected or accepted using the sample data one must 

calculate the degrees of freedom, expected frequencies (   ), test statistic (  ), and the P-value 

associated with the test statistic (Equation 13 through Equation 15, respectively).   

 

Degrees of freedom                 Equation 13 

where, 

   = rows 

c = columns 

 

Expected frequencies         
     

 
 Equation 14 

where, 

    = sum of row frequencies  

   = sum of column frequencies 

  = sample number 
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Chi-squared test statistic      
         

 

   

 

   

 

   

  Equation 15 

where, 

     = actual frequency in the ith row, jth column 

    = expected frequency in the ith row, jth column 

 

There are several rules of thumb with regards to the analysis approach undertaken:  1) the 

chi-squared statistic is more reliable as the overall sample size increases and 2) each cell of the 

contingency tables should contain an expected frequency of at least 5 (categories should be 

merged to eliminate this occurrence
3
).  With adherence to these rules analysis will be continued 

on the remaining questions of interests.   

3.2.2 Multivariate data analysis 

Multivariate data analysis, as it suggests, is the analysis of multiple variables at the same time.  

This type of analysis is used to find how a set of variables explain one or more other variables.  

Multivariate data analysis techniques can be used to model factors and responses and to find the 

relationship that exists between all factors and responses.  When investigating relationships 

among variables, multivariate analysis procedures have the flexibility to avoid designating some 

variables as independent and others as dependent.  The information extracted from multivariate 

data is usually helpful in understanding the characteristics of systems and processes and useful in 

solving problems encountered in research and development.  An example for the use of this 

analysis is best explained with key brand products competing in the marketplace.  Sets of 

variables may explain brand loyalty or may differentiate between key market segments.  

Similarly, a set of brand attributes may be used to map relationships to the key brands competing 

in the marketplace, thereby showing the strengths and weaknesses of each brand.  The most 

common multivariate analysis methods are principal components analysis, factor analysis, cluster 

analysis, discriminant analysis, and correspondence analysis.  However, there are many other 

different models in the literature, each with its corresponding analysis type. (Manly 1998; SAS 

Institute 2009) 

                                                 
3
 Should be done in accordance with logic and reasonableness. 
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This research will implement various analysis methods in conjunction with other 

explored methods in an effort to unearth relationships that exist among the variables collected in 

the GAO survey and those to be collected via the dissertation survey.  These methods will be 

mainly executed via the cluster analysis and multivariate analysis procedures found within the 

well known software Statistical Analysis System (SAS Institute 2009).   

3.2.3 Correspondence analysis 

Correspondence analysis (CA) is a multivariate statistical technique (or descriptive/exploratory 

data analytic technique) similar to the principal component analysis method.  This method was 

first proposed by Hirschfeld in 1935 and later developed by Jean-Paul Benzécri (Hirschfeld 

1935; Benzécri 1973; UNESCO 2006), although the technique apparently has had many 

independent beginnings and is known under many different names (SAS Institute 2009).   

Correspondence analysis is designed to analyze simple two-way and multi-way tables 

containing some measure of correspondence between the rows and columns.  As opposed to 

traditional hypothesis testing designed to verify a priori hypotheses about relations between 

variables, exploratory data analysis is used to identify systematic relations between variables 

when there are no (or rather incomplete) a priori expectations as to the nature of those relations 

(UNESCO 2006).   

The correspondence analysis finds a low-dimensional representation of the rows and 

columns of a contingency table consisting of the counts for the variables, where rows and 

columns are treated equivalently.  CA decomposes the chi-squared statistic associated with the 

contingency table into orthogonal factors.  These orthogonal factors (or directions) explain 

inertia rather than variance.  Inertia is the total chi-square statistic divided by the total number of 

observations.  Correspondence analysis computes directions that best explain deviations from 

expected values (assuming no association).  The analysis graphically represents each row and 

column by a point in a configuration plot.  Unlike usual procedures for analyzing a contingency 

tables, which determine the probability of global association between rows and columns, CA 

shows how variables are related, not just the existence of a relationship.  (Greenacre 1988; SAS 

Institute 2009) 

Correspondence analysis is most effective if the following conditions are satisfied: 

(UNESCO 2006) 
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· The data matrix is large enough, so that visual inspection or simple statistical analysis 

cannot reveal its structure. 

· The variables are homogeneous, so that it makes sense to calculate the statistical 

distances between the rows or columns. 

· The data matrix is a priori "amorphous", i.e., its structure is either unknown or poorly 

understood. 

 

A distinct advantage of correspondence analysis over other methods yielding joint 

graphical displays is that it produces two dual displays (projection planes) whose row and 

column geometries have similar interpretations, facilitating analysis and detection of 

relationships.  More importantly, these dual displays allow for the optimal representation of the 

contingency table in low-dimensional space.  In other multivariate approaches to graphical data 

representation, this duality is not present (UNESCO 2006).  For a more detailed explanation of 

the fundamental concepts and mathematics of the correspondence analysis refer to the section 8.2 

in the Appendix.   

3.2.4 Cluster analysis 

The purpose of cluster analysis is to place objects into groups, or clusters, suggested by the data, 

not defined a priori, such that objects in a given cluster tend to be similar (or related) to each 

other in some sense, and objects in different clusters tend to be dissimilar (or unrelated).  Cluster 

analysis can also be used to summarize data rather than to find "natural" or "real" clusters; this 

use of clustering is sometimes called dissection (SAS Institute 2009).  Applications for clustering 

include data reduction, hypothesis generation and testing, prediction based on groups, finding k-

nearest neighbor, and the detection of data outliers.   

Cluster analysis is a general task to be solved through an iterative process and is 

achievable by various algorithms/models differing significantly in their notion of what 

constitutes a cluster and how to efficiently find them.  The notion of clustering is not precisely 

defined, therefore models can vary grouping according to distances among group members, 

dense areas of the data space, intervals, or particular statistical distributions.  This flexibility 

allows clustering can be formulated as a multi-objective optimization problem (Ward 1963).   
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Generally the more popular clustering approaches are hierarchical and partitioning 

clustering.  Hierarchical clustering is defined as a set of nested clusters organized as a 

hierarchical tree, e.g., dendogram.  Partitional clustering is defined as dividing data objects into 

non-overlapping subsets (clusters) such that each data object is in exactly one subset.  Though 

popular approaches such as density-based, distribution-based grid-based, model-based, frequent 

pattern-based, user-guided (or constraint-based), and link-based approach do exist.  Note this list 

is by no means exhaustive as there are probably dozens of published clustering algorithms whose 

models are not defined, making it hard to categorize.  It is important to remember there is no 

objectively "correct" clustering algorithm, but as noted, "clustering is in the eye of the beholder" 

(Estivill-Castro 2002).  However, as a forewarning, the chosen algorithm must be capable to 

manage the data it is presented with, in other words, “there should be a mathematical reason to 

prefer one cluster model over another” (Estivill-Castro 2002).   

The hierarchical model (or connectivity model) relies on a distance metric for clustering 

objects.  The definition of the computed distance will directly influence cluster shapes and 

number of identified and formed clusters.  For example, two data points’ computed distance 

whether through Manhattan or other distance methods will yield different results, appreciated in 

the produced dendrogram trees.  Refer to distance measures below for common distance 

formulas, Equation 16 through Equation 18 (SAS Institute 2009).  Apart from the distance 

measure in hierarchical models, a linkage criterion must also be determined.  This principle 

determines the distance between sets of observations as a function of the pairwise distances 

between observations, Equation 19 through Equation 22 (Ward 1963; SAS Institute 2009).   

 

 

Distance Type Formula  

Manhattan                

 

 Equation 16 

Euclidean                 
 

 

 Equation 17 

Squared Euclidean                
 

 

 Equation 18 
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Linkage Type Formula  

Maximum (or complete linkage clustering)                             Equation 19 

Minimum (or single-linkage clustering)                             Equation 20 

Mean (or average linkage clustering)        
 

      
        

      

 Equation 21 

Ward’s minimum variance                           
 

 

 Equation 22 

 

Centroid models (or k-means models) aim to partition the objects   into   clusters where 

each observation belongs to the cluster with the nearest mean.  Clusters are represented by a 

central vector and result in a partitioned data space of   regions.  If   is fixed, this clustering 

method becomes an optimization problem such that the squared distances from the cluster are 

minimized (Equation 23).  The optimization problem is known to be NP-hard.  A particularly 

well known method is Lloyd's algorithm (Lloyd 1982).   

 

K-mean model       
 

         
 

     

 

   

 Equation 23 

 

The distribution-based model takes objects and clusters them together according to those 

most likely belonging to the same distribution.  The most prominent method is known as 

expectation-maximization algorithm (or short: EM-clustering) (Dempster et al. 1977).  Density-

based clusters are defined as areas of higher density than the remainder of the data set.  Objects 

residing in sparse areas, required to separate clusters, are usually considered to be noise and 

border points (Ester et al. 1996; Ankerst et al. 1999). 

3.3 Network Construction 

This phase focuses on the network construction of the two survey sets, GAO and dissertation 

survey.  The first network to be constructed is that using the GAO data.  Once this step is 

successfully completed then a network using the dissertation survey will be constructed.  

Generally, both networks will be constructed following the same guidelines.  However, for each 

network the survey data will be used in slightly different forms depending on data limitations in 

an effort to reach the same goal, a complete network.   
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As previously outlined, one of this research’s goals is to extract (or construct) a node-link 

network accurately representing the transportation planning and modeling environment based 

from survey responses.  To begin such network construction the GAO survey data will be used to 

produce a preliminary form of this network.  Given that identifying GAO survey data is omitted 

or unknown (i.e., MPOs’ names, location, partners, etc.) this preliminary attempt of a network 

construction will have many limitations.  Given the data assumptions, deductions are bound to be 

made on identities of MPOs or their connections/affiliations with collaborating partners.  Further, 

while the “strength” or “importance” of some MPO connections is known many others are 

unknown.  For network construction and testing, this implies the researcher will have to assume 

this value either through a random variable choice or a defined probability distribution.  In brief, 

basic characteristics will be defined from this network’s construction which will aid in the 

preliminary network construction of the designed dissertation survey.   

As indicated, results from the in-house designed survey will also contribute to the 

production (or construction) of a second independent network.  This network is assumed to be of 

superior quality than the constructed GAO network due to the dissertation survey data being 

collected with the purpose of indentifying transportation professionals and their respective 

identifying and collaborating information.  In the case of information left unanswered survey 

questions, again the researcher will have to resort to logic and reasonableness in order to fill in 

the blanks.   

One of the main steps to network creation is node characterization.  Here a node is 

represented by a planning organization, i.e., MPO, and its characterization is defined by traits, 

extracted from the data, creating categories setting MPOs apart or together from one another.  

Traits can range from size, location, and responsibilities among other data that is to be extracted 

from the surveys.   

Affiliations, connections, or ties are the next stage of network construction.  Here at least 

two MPOs will be linked to each other through a tie if they are found to have a collaboration or 

are part of the same committee, for example.  Just as important to representing MPO 

connections, is capturing the strength/intensity of these connections.  As is generally known, not 

all connections are treated equal.  For that reason these connections need to be differentiated 

through association type as well as frequency of interaction.  
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Figure 3.3 below depicts an example representation of the node-link network for a single 

surveyed agency (grayed node), as would be represented from the GAO survey.  In this case, 

limited data is provided on surveyed agency is unknown and exact identities of the surveyed and 

affiliated agencies (i.e., state DOT, FHWA, etc.) are unknown.  Connection characteristics are 

known in addition to the “intensity” of this connection (depicted by link thickness), as portrayed 

response from surveyed agency.  Similarly, Figure 3.4 depicts a node-link network for a single 

surveyed agency, however in this case more network information is available.  To begin, the 

surveyed agency’s exact identity and descriptive information is known.  Second, affiliated 

agencies’ exact identities and some descriptive information are also known.  Lastly, affiliated 

agencies’ response to connection and connection intensity are known, making a two-way 

connection between nodes.  

 

Figure 3.3  Single node network – limited 

data 

 

Figure 3.4  Single node network – complete 

data 

 

 

Figure 3.5 below is an expansion of the example presented in Figure 3.4.  In this case, 

three agencies are surveyed.  Again identifying information and characteristic information is 

available of all agencies as well as connection types and their respective intensity.  From this 

example, one notices the possibility of some of the surveyed agencies being affiliated to each 

other (1
st
 connection), in addition to sharing affiliation with other agencies (2

nd
 connection).   
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Figure 3.5  Multiple node network – complete data 

 

To accomplish this feat, multiple available software (e.g., SONIA and Gephi) specifically 

developed for the visualization, manipulation, exploration, and analysis of network data are 

explored (Bender-deMoll and McFarland 2006; Bastian et al. 2009).  Such software allow for 

effortless import of networks into the graph visualization interface where various layout 

techniques for making reliable visualization of networks are available for straightforward 

comparison.  Moreover, the software facilitates the exploration of dynamic relational data by 

taking into account events (or observation points) over periods of time (i.e., continuous or 

discrete time).  This concept is depicted in Figure 3.6 (Bastian, Heymann et al. 2009) and Figure 

3.7 (Bender-deMoll and McFarland 2006), where the horizontal axis is representative of time.  

Further, Figure 3.7 displays two entities (“company A” and “person A”) where “company A” 

duration information is described as existing from 1990 to 1996 while “person A” is described 

by described by two instantaneous events (1st and 2nd observation).  Figure 3.8 (Bastian, 

Heymann et al. 2009) depicts a screenshot of a network which appears to cluster nodes based on 

their respective degree measure and lay them out based on the “Force Atlas” technique.   

 

 

Figure 3.6  Example of a timeline component for a dynamic structure in a social network  
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Figure 3.7  Discrete and continuous events existing from 1990 to 1996 

 

 

Figure 3.8  Gephi software GUI screenshots – clustering metric  

 

3.4 Network Analysis and Experimentation 

Acquiring knowledge on various social network measures as identified and defined in section 3.2 

allows one to utilize them to further analyze and reveal nontrivial phenomena unique to the 

constructed network.  This observation has been recognized by many fields whose recent studies 

have focused on the statistical properties of network systems.  The practical implications to this 

undertaking are to better understand network’s efficiency or resilience given circumstances 

where network components, such as nodes (i.e., agency) or links (i.e., connections), are tested.  

Subsequently, this can lead to future preemptive mitigations that can lead to improved 

information flow.  Theory, algorithms, and applications as detailed in well respected sources 
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such as a book written by Ahuja et al. (Ahuja et al. 1993) present various methods to perform 

this task.   

In their work Girvan and Newman (Girvan and Newman 2002) propose a method for 

detecting community structures built around the idea of centrality indices, or edge betweenness, 

to detect community boundaries.  The proposed method detects community structures with high 

sensitivity and reliability on computer-generated and real-world graphs whose community 

structures are known a priori.  Their method also performed well with two real-world networks 

(collaboration network and food web) whose community structures are unknown.  The authors 

report “in both cases it extracts clear communities that appear to correspond to plausible and 

informative divisions of the network nodes.”  Several shortcomings to this method are its 

limitation to non-weighted and undirected graphs and its computational cost,       run time, 

which make it impractical when applying it to large networks.   

These same authors went on to propose a set of algorithms, also for the identification of 

community structures, that utilize greedy optimization of the quantity (also known as modularity 

(Newman and Girvan 2004)).  Modularity measures the strength of division of a network into 

modules (also called groups, clusters, or communities).  It is designed to measure when the 

division is a good one, in other words there are many edges within communities and only a few 

between them.  However, these algorithms remain expensive in terms of computational demands 

with       run time on sparse networks but intractable in large networks.   

As a result of the unacceptable run times of most proposed community structure detecting 

algorithms as applied to very large networks, the need for faster algorithms was identified.  

Clauset et al. (Clauset et al. 2004) have developed a hierarchical agglomeration algorithm for 

detecting community structures.  In a network with   vertices and   edges, its run time is 

          where   is the depth of the dendrogram describing the community structure.  The 

authors report that in many real-world networks run times can be reduced to a linear run time, 

         , due to their sparse and hierarchical nature.  The method also uses modularity 

(Newman and Girvan 2004), however, in this case sophisticated optimization shortcuts and data 

structures are implemented allowing for faster performance.   

Porter et al. (Porter et al. 2006) extended the above work to investigate network 

community structures of committees and subcommittees in the United States House of 

Representatives from the 101
st
 to the 108th Congresses.  In addition, the team incorporated 
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singular value decomposition (SVD) analysis of House roll call votes.  Evidence of hierarchies, 

close connections between committees, and correlations between committee assignments and 

Representatives’ political position were identified.  Further, changes in network structure across 

different Congresses emphasized effects as a result of shift in the majority control from one 

political party to the other.   

Large scale numerical analysis of networks is equally important in efforts to understand 

network properties.  Ferreira et al. (Ferreira et al. 2012) have conducted research and analysis of 

the Susceptible-Infected-Susceptible (SIS) model
4
 on various networks using theoretical 

approaches and large-scale numerical simulations.  Their goal is to precisely determine the 

effective epidemic threshold for these systems.  Two of these authors went on to propose an 

analytical approach to the SIS model of epidemic thresholds in heterogeneous networks (Boguna 

et al. 2013).   

Ball and Newman conducted a study on junior and high school students’ friendships (Ball 

and Newman 2013).  The large collection of networks representing friendships were analyzed by 

a developed maximum-likelihood method aimed for deducing the participants’ ranking based on 

reciprocated and unreciprocated friendships.  With further analysis the authors found inferred 

ranks to be a measure for social status as well as a correlation with individual characteristics.   

As summarized in the discussed literature, various developed methods are available for 

the purpose of analyzing social networks and large networks.  Hence adopting these methods, or 

similar methods, to our research will allow for a high-quality start to the in-depth analysis of the 

constructed network.   

  

                                                 
4
 Is the simplest mathematical model which captures epidemic phases of spreadable diseases, i.e., AIDS. 
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Chapter 4 

GAO MPO Survey Results Analysis 

Relevant questions from the GAO survey are those providing a glimpse into the transportation 

planning community along with any structures possibly residing within it.  Specifically, 

questions that respectively focus on characteristics identifying MPO types, 

relationships/coordination that exist in an MPO’s environment, and importance given to such 

relationships are of relevance to this research.  In particular, this research focuses on network 

construction and to accomplish this, questions providing a network’s components information 

must be identified first, such as an entity (i.e., individual or organization) and tie (i.e., 

relationships, collaborations, etc.).  The table below provides a summary of GAO questions 

classified into entity, tie, and tie strength categories.  Further and as previously mentioned, 

responses to these questions will aid in producing a node-link network for each surveyed 

respondent similar to that illustrated below, Figure 4.1.  

 

Table 4.1  Defined categories for GAO survey questions 

Survey Questions Ensuing to Network Component 

Entities Tie  Tie strength 

Q2:  What best describes your MPO staff’s 

structure? 

Q4:  Which of the following types of 

officials are members (including both 

voting and non-voting) of your MPO’s 

board and/or committee(s)? 

Q4:  Which of the following types of 

officials are members (including both 

voting and non-voting) of your 

MPO’s board and/or committee(s)? 

Q3:  Does your MPO represent a multi-

state area? 

Q8:  How, if at all, does your MPO 

coordinate its planning activities with the 

following types of organizations? 

Q8:  How, if at all, does your MPO 

coordinate its planning activities with 

the following types of organizations? 

Q8:  How, if at all, does your MPO 

coordinate its planning activities with 

the following types of organizations? 

Q13:  Which agency performs most, if not 

all, of the travel forecasts for your MPO’s 

long range plan? 

Q13:  Which agency performs most, if 

not all, of the travel forecasts for your 

MPO’s long range plan? 

Q28:  Is your MPO part of a transportation 

management area (TMA), that is, an 

urbanized area larger than 200,000 

population? 

 



 

Page 57 

 

Figure 4.1  Single node network – limited data 

 

4.1 Statistical Analysis 

To begin identifying the different MPO types, a quick data characterization was executed.  For 

each question asked the following information is reported:  data response type (nominal, interval, 

and/or ordinal), answered responses, missing/unanswered responses, sum total, minimum, mean, 

median, maximum, and average deviation.  The data is compiled in a sample table below (Table 

4.2), the entire table is found in the Appendix (section 8.3).  These tables allow for a quick 

inspection of the quality of responses as well as the data type at hand, which aids in determining 

the proper statistical tests to be conducted later in the analysis process.  The second column of 

Table 4.2 represents the data type(s) that best describe the questions’ multiple choices (N = 

Nominal, O = Ordinal, I = Interval).  Although, at times choices are nominal, they can be 

translated to represent an interval scale.   

 

Table 4.2  GAO Survey characterized data (partial) 

Question Variable Type
5
 Records 

Missing 

Records 
Total Min. Mean Median Max. 

Average 

Deviation 

QST2 N 326 2 910 1 2.791 2 6 1.250 

Q3 N 327 1 614 1 1.878 2 2 0.215 

Q4A N 248 80 504 1 2.032 2 3 0.578 

Q4B N 187 141 370 1 1.979 2 3 0.565 

Q4C N 315 13 756 1 2.400 3 3 0.735 

Q4D N 172 156 358 1 2.081 2 3 0.352 

… … … … … … … … … … 

                                                 
5
 N = Nominal, O = Ordinal, I = Interval 

Agency

(node)

Agency

(node)

Agency

(node)
Tie

(link)

Tie

(link)

Node 

Characteristic

- size

- structure

- duties

- ...

Link Characteristic

- coordination

- area representation

- official membership

- ...

Node 

Characteristic

- limited data

Node 

Characteristic

- limited data

Link Characteristic

- coordination

- area representation

- official membership

- ...



 

Page 58 

 

Responses for all multiple choice questions are coded with an internal numerical value 

(e.g., 0 through 6) by the GAO staff for the sole intention of simplifying the data analysis 

process.  As mentioned, a selected choice may indicate an MPO staff structure, “yes”/“no”, 

rating, or other response relevant to the questions asked throughout the survey.  Frequency 

distribution (or histogram) for all questions is constructed from the collected information and is 

represented in Table 4.3 below.   

 

Table 4.3  GAO Survey frequency distribution (partial) 

 Selected Response 

Question 0 1 2 3 4 5 6 7 8 9 

QST2 0 59 124 43 62 2 36 -- -- -- 

Q3 0 40 287 0 0 0 0 -- -- -- 

Q4A 0 66 108 74 0 0 0 -- -- -- 

Q4B 0 54 83 50 0 0 0 -- -- -- 

Q4C 0 67 55 193 0 0 0 -- -- -- 

Q4D 0 19 120 33 0 0 0 -- -- -- 

… … … … … … … … … … … 

 

The first evaluated question in the MPO characterization process is question 2.  

Responses to this question allow one to indentify the different types of MPO staff structures that 

exist throughout the nation.  Table 4.4 below represents the frequency distribution of the 

response of each category variable.  The adjusted frequency (column five) is included in the table 

to exclude “no responses” and “other response”, eliminating any potential distortions as a result 

of such responses.  The more popular staff structure category is “part of a regional 

council/council of governments” option, associated with a 42.8 percentage.  The next popular 

selections are “part of a city government office” and “independent organization” with 21.4 and 

20.3 percent, respectively.   

 

Table 4.4  Question 2: MPO staff’s structure 

MPO Structure 

(Category Label) 
Code 

Absolute 

Frequency 

Relative 

Frequency (%)
a
 

Adjusted 

Frequency (%)
b
 

Cumulative 

Frequency (%) 

Independent 

organization (1) 
1 59 18.0% 20.3% 20.3% 

Part of a regional 

council/council of 

governments (2) 

2 124 37.8% 42.8% 63.1% 
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MPO Structure 

(Category Label) 
Code 

Absolute 

Frequency 

Relative 

Frequency (%)
a
 

Adjusted 

Frequency (%)
b
 

Cumulative 

Frequency (%) 

Part of a county 

government office (3) 
3 43 13.1% 14.8% 77.9% 

Part of a city government 

office (4) 
4 62 18.9% 21.4% 99.3% 

Part of the state 

department of 

transportation (DOT) (5) 

5 2 0.6% 0.7% 100.0% 

Other (6) 6 36 11.0% -- -- 

 missing
c
 2 0.6% -- -- 

Total  328 100% 100%  
a Relative frequency percentages include missing/unanswered cases and are calculated on the basis of the entire survey sample. 
b Adjusted frequency percentages exclude missing/unanswered cases and are calculated on the basis of valid cases only.  
c Computer statistical packages often provide for the likelihood that respondents will not answer all questions in the survey.  

These no responses are tallied and referred to as “missing/unanswered cases.” 

 

Simultaneous analysis of the frequency distribution of questions 2 and questions of 

interest are compiled in contingency tables for an added explanatory dimension.  Contingency 

tables are used to examine any relationship between two or more variables.  The influence one 

variable may have on the other can be examined by testing the statistical significance from the 

computed values.   

Similarly, a frequency summary of question 4 provides a general view of how officials 

are involved in MPOs’ board and committees.  It is interesting to observe a particular official’s 

membership tendencies.  For example, FHWA officials are likely to have similar number of 

representation in boards (20 percent), committees (33 percent), and both (23 percent).  On the 

other hand, a great majority (59 percent) of state DOT officials are members of both boards and 

committees.  Further, local elected officials tend to more likely be part of the board (51 percent) 

or part of both board and committees (44 percent).  However, FTA officials have fewer (43 

percent) memberships in any of the board or committees; this is assuming a “no response” 

signifies no memberships.  Similarly, environmental advocacy organizations are more likely to 

not have memberships (64 percent) in either category.  Similarly, environmental advocacy 

organizations are more likely to not have memberships (64 percent) in either category.   

 

Table 4.5  Question 4 basic analysis summary 

Question (Official) 
No 

response 

Board 

only 

Committee(s) 

only 

Board and 

Committee(s) 

Chi-Square 

p-value 

Q4A (FHWA) 80 (24%) 66 (20%) 108 (33%) 74 (23%) 0.986 

Q4B (FTA) 141 (43%) 54 (16%) 83 (25%) 50 (15%) 0.6009 
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Question (Official) 
No 

response 

Board 

only 

Committee(s) 

only 

Board and 

Committee(s) 

Chi-Square 

p-value 

Q4C (State DOT) 13 (4%) 67 (20%) 55 (17%) 193 (59%) 0.8345 

Q4D (State or local environmental 

agency) 
156 (48%) 19 (6%) 120 (37%) 33 (10%) 0.0075 

Q4E (Transit operator) 24 (7%) 54 (16%) 110 (34%) 140 (43%) 0.0276 

Q4F(Local elected government) 3 (1%) 167 (51%) 14 (4%) 144 (44%) 0.0258 

Q4G(Local non-elected government) 30 (9%) 43 (13%) 139 (42%) 116 (35%) 0.3674 

Q4H (Other regional agency) 90 (27%) 45 (14%) 112 (34%) 81 (25%) 0.0011 

Q4I (Environmental advocacy 

organizations) 
209 (64%) 6 (2%) 104 (32%) 9 (3%) 0.5356 

Q4J (Business advocacy groups) 153 (47%) 26 (8%) 133 (41%) 16 (5%) 0.2705 

Q4K (Citizen participation groups) 126 (38%) 19 (6%) 168 (51%) 15 (5%) 0.6159 

Q4L (Private sector) 150 (46%) 20 (6%) 135 (41%) 23 (7%) 0.3021 

Q4M (Other officials) 222 (68%) 40 (12%) 44 (13%) 22 (7%) 0.3941 

 

A summary of question 8 responses generally depict MPOs plan activities with other 

organizations using various forms of coordination; this is not considering “no response” counts.  

These results also show most MPOs coordinate with state DOTs (52 percent), then air quality 

organizations (32 percent), and tied at third are regional transit operators, city and county entities 

and FHWA organizations (31 percent).  Those organizations they tend to coordinate the least 

with are adjacent MPOs (9 percent), environmental agencies (9 percent), regional civic 

organizations (10 percent), councils of governments (11 percent) and other planning 

organizations (11 percent).   The table below ranks the coordination combination types based on 

count.   

 

Table 4.6  Question 8 basic analysis summary  

  RANK 1 RANK 2 RANK 3 RANK 4 

Coordinating Organization No response 

(freq., %) 

[Coord Code] 

Coord. 

Type(s)  

(freq., %) 

[Coord Code] 

Coord. Type(s)  

(freq., %) 

[Coord Code] 

Coord. Type(s)  

(freq., %) 

[Coord Code] 

Coord. Type(s)  

(freq., %) 

Q8A (Federal DOT – FHWA 

and FTA) 

106, 32% [30] 

1, 2, 3, 5 

(102, 31%) 

[32] 

1, 2, 3, 4, 5 

(31, 9%) 

[20] 

1, 2, 5 

(24, 7%) 

[31] 

1, 2, 3, 4 

(21, 6%) 

Q8B (State DOT) 29, 9% [32] 

1, 2, 3, 4, 5 

(170, 52%) 

[30] 

1, 2, 3, 5 

(58, 18%) 

[20] 

1, 2, 5 

(16, 5%) 

-- 

Q8C (City and county 

entities – e.g., planning 

boards) 

64, 20% [32] 

1, 2, 3, 4, 5 

(102, 31%) 

[30] 

1, 2, 3, 5 

(88, 27%) 

[1] 

1 

(18, 5%) 

[20] 

1, 2, 5 

(15, 5%) 

Q8D (Adjacent MPOs) 127, 39% [23] 

1, 2, 3 

(30, 9%) 

[6] 

6, other(s) 

(29, 9%) 

[31] 

1, 2, 3, 4 

(27, 8%) 

[32] 

1, 2, 3, 4, 5 

(23, 7%) 
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  RANK 1 RANK 2 RANK 3 RANK 4 

Coordinating Organization No response 

(freq., %) 

[Coord Code] 

Coord. 

Type(s)  

(freq., %) 

[Coord Code] 

Coord. Type(s)  

(freq., %) 

[Coord Code] 

Coord. Type(s)  

(freq., %) 

[Coord Code] 

Coord. Type(s)  

(freq., %) 

Q8E (Councils of 

government/regional 

council) 

129, 39% [30] 

1, 2, 3, 5 

(37, 11%) 

[6] 

6, other(s) 

(37, 11%) 

[32] 

1, 2, 3, 4, 5 

(33, 10%) 

[31] 

1, 2, 3, 4 

(22, 7%) 

Q8F (Regional transit 

operators) 

57, 17% [30] 

1, 2, 3, 5 

(103, 31%) 

[32] 

1, 2, 3, 4, 5 

(76, 23%) 

[20] 

1, 2, 5 

(20, 6%) 

[30] 

1, 3, 4, 5 

(17, 5%) 

Q8G (Environmental 

agencies) 

201, 61% [30] 

1, 2, 3, 5 

(28, 9%) 

[6] 

6, other(s) 

(25, 8%) 

[32] 

1, 2, 3, 4, 5 

(21, 6%) 

-- 

Q8H (Air quality 

organizations) 

131, 40% [6] 

6, any of 1-5  

(105, 32%) 

[32] 

1, 2, 3, 4, 5 

(24, 7%) 

[30] 

1, 2, 3, 5 

(18, 5%) 

-- 

Q8I (Regional civic 

organizations) 

216, 66% [6] 

6, any of 1-5 

(34, 10%) 

[31] 

1, 2, 3, 4 

(26, 8%) 

[30] 

1, 2, 3, 5 

(16, 5%) 

-- 

Q8J (Advocacy groups) 204, 62% [30] 

1, 2, 3, 5 

(41, 13%) 

[31] 

1, 2, 3, 4 

(27, 8%) 

[30] 

1, 3, 4, 5 

(11, 3%) 

-- 

Q8K (Other planning 

organizations) 

216, 66% [6] 

6, any of 1-5 

(37, 11%) 

[30] 

1, 2, 3, 5 

(21, 6%) 

[32] 

1, 2, 3, 4, 5 

(12, 4%) 

-- 

Q8 Options: 1)Through regular meetings, 2) Through regular correspondence, 3) Solicitation of input/feedback on an ad-hoc 

basis, 4) Sharing travel demand modeling (TDM) capacity, 5) representation on MPO committees, 6) Does not coordinate 

 

The first contingency table produced is for questions 2 and 3 (MPO structure and multi-

state area).  Note, question 3 details if an MPO represents a multi-state area.  As observed in 

Table 4.7, approximately 88 percent of MPOs answered “No” to this question while 12 percent 

answered “Yes”.  Any relationship between these two variables and the influence one variable 

may have on the other can be examined by testing the statistical significance from the values 

compiled in Table 4.9.  On a side note, question 3 could be indicative of whether MPOs have any 

ties with neighboring states’ MPOs.   

 

Table 4.7  Question 3: MPO represents a multi-state area 

Category Label Code Absolute Frequency Adjusted Frequency (%) 

Yes 1 40 12.2% 

No 2 287 87.8% 

 
Total 327 100% 

Missing 1 
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Table 4.8  Questions 2 and 3: MPO structure and a multi-state area representation 

  

Indep. 
Part of a reg. 

council / COG 

Part of a 

county gov. 

office 

Part of a city 

gov. office 

Part of the 

state DOT 
Total 

 Code f % f % f % f % f % f % 

Yes 1 13 22.0 16 13.0 3 7.0 3 4.8 0 0.0 35 12.1 

No 2 46 78.0 107 87.0 40 93.0 59 95.2 2 100.0 254 87.9 

 Total 59 100.0 123 100.0 43 100.0 62 100.0 2 100.0 289 100.0 

 

Subsequently, the statistical significance of the sample survey data is tested.  In this case 

the measured variables for questions 2 and 3 are on the nominal scale, making chi-squared the 

only significance test available for such data, known as a chi-squared test for independence.  

Recall, the chi-squared test of significance is concerned with differences between the obtained 

frequencies (   ) from the sample survey and the expected frequencies (   ) if there are no 

differences among the categories of the variables.  The null hypothesis (  ) is the assumption 

that no difference exists among the categories of the variables.  In other words, multi-state area 

representation and MPO staff structure are independent.  The sample data is used to calculate the 

degrees of freedom, expected frequencies (   ), test statistic (  ), and the P-value associated 

with the test statistic (Equation 13 through Equation 15 in section 3.2, respectively) in order to 

determine whether to accept or reject the null hypothesis,    

Results for the chi-square test (Equation 24) are compiled in Table 4.9.  As observed, the 

chi-squared test statistic equals 9.97 with 4 degrees of freedom.  The P-value (0.04) is less than 

the significance level (0.05); therefore the null hypothesis is rejected.  This indicates there is a 

relationship between multi-state area representation and an MPO staff’s structure at the 95 

percent confidence level.   

 

Chi-squared test statistic      
         

 

   

 

   

 

   

  Equation 24 

 

Table 4.9  Questions 2 and 3: Chi-squared matrix 

  
Indep. 

Part of a reg. 

council / 

COG 

Part of a 

county gov. 

office 

Part of a city 

gov. office 

Part of the 

state DOT 
Total 

 
Code fo fe fo fe fo fe fo fe fo fe 

 
Yes 1 13 7.15 16 14.90 3 5.21 3 7.51 0 0.24 35 
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No 2 46 51.85 107 108.10 40 37.79 59 54.49 2 1.76 254 

 Total 59  123  43  62  2  289 

df = 4  

chi-squared test statistic = 9.97 

p-value (chi-squared distribution) = 0.04 

Phi coefficient = 0.19 

Contingency coefficient = 0.18 

Cramer’s V = 0.19 

 

As proceed in terms of questions of interest, the next question to be analyzed is question 

4.  This question focuses on determining the type of officials that are members of the MPO’s 

board and/or committee(s).  This question is important to explore as it may give insights to the 

type of boards/committee(s) associated to different types of MPOs.  In total the question asks 

thirteen sub questions (i.e., Q4A-Q4M) each associated with a different official (e.g., Q4A: 

FHWA).  Table 4.10 below highlights those officials whose calculated chi-squared was found to 

have significance at the 0.05 level.  Since most p-values are less than the significance level 

(columns 5 and 6) the null hypothesis is rejected.  This indicates there is a relationship between 

these officials’ board and/or committee(s) membership and the MPO staff’s structure.  In 

addition to providing chi-squared test results (column 5), results on likelihood ration chi-square, 

phi coefficient, contingency coefficient, and Cramer’s V are also provided in Table 4.10.  For a 

complete list of all of question 4 results refer to Table 6.10 in the Appendix section.   

 

Table 4.10  Questions 2 and 4: Chi-squared matrix - partial 

Variables 
Sample 

Size 
Missing 

 

Chi-

Square 

Likelihood 

Ratio Chi-

Square 

Phi 

Coeff. 

Contingenc

y Coeff. 

Cramer'

s V 

Q4:  Which of the following types of officials are members (including both voting and non-voting) of your 

MPO’s board and/or committee(s)? 

Q4D by QST2* 151 141 DF 8 8 
   

State agency 
  

statisti

c 
20.883 17.4837 

0.371

9 
0.3486 0.263 

   
p-value 0.0075 0.0254 

   
Q4E by QST2 271 21 DF 8 8 

   

Transit operator 
  

statisti

c 
17.2461 18.0892 

0.252

3 
0.2446 0.1784 

   
p-value 0.0276 0.0206 

   
Q4F by QST2* 288 4 DF 8 8 

   
Local elected 

  
statisti 17.4412 18.5896 0.246 0.239 0.174 
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gov. c 1 

   
p-value 0.0258 0.0172 

   
Q4H by QST2 206 86 DF 8 8 

   
Other reg. 

agency   

statisti

c 
25.9731 28.9266 

0.355

1 
0.3346 0.2511 

   
p-value 0.0011 0.0003 

   
*Note: A high percentage of the cells in the contingency table have expected counts less than 5. (Asymptotic) Chi-

squared may not be a valid test. 

 

Table 4.11  Question 2 and various questions: chi-squared matrix - partial 

Variables 
Sample 

Size 
Missing 

 

Chi-

Square 

Likelihood 

Ratio Chi-

Square 

Phi 

Coeff. 

Contingency 

Coeff. 

Cramer's 

V 

Q8:  How, if at all, does your MPO coordinate its planning activities with the following types of 

organizations? 

Q8D by 

QST2 
171 121 DF 60 60 

   

Adjacent 

MPO(s) 
  

statistic 75.0458 71.9347 0.6625 0.5523 0.3312 

  
p-value 0.0913 0.1391 

   
Q8E by 

QST2 
179 113 DF 36 36 

   

COG/RC   
statistic 67.0209 70.9515 0.6119 0.5219 0.3533 

  
p-value 0.0013 0.0005 

   
Q13:  Which agency performs most, if not all, of the travel forecasts for your MPO’s long range plan? 

Q13 by 

QST2 
279 2 DF 16 16 

   

   
statistic 20.288 20.8727 0.2697 0.2604 0.1348 

   
p-value 0.2075 0.1835 

   
Q28:  Is your MPO part of a transportation management area (TMA), that is, an urbanized area larger than 

200,000 population? 

Q28 by 

QST2 
289 3 DF 4 4 

   

 
  

statistic 22.5192 24.6149 0.2791 0.2689 0.2791 

 
  

p-value 0.0002 <.0001 
   

 

After reviewing the results from chi-square test, it is apparent this information is rather 

limiting when detecting further relationships within the collected data.  Hence, to uncover these 

relationships, given specific sets of characteristics, further analysis must be undertaken.   

4.2 Correspondence Analysis 

This section further analyzes the associations found to exist as a result of the statistical analysis 
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in the previous section (section 4.1).  The correspondence analysis will show how variables are 

related, not just in an existing relationship, but through graphs representing the configuration of 

points in the projection planes, formed by the first and second principal axes (Greenacre 1983).   

These projection planes not only provide easy interpretation of the dependency between 

rows and columns but more importantly allow for the optimal representation of the contingency 

table in low-dimensional space.  Note, these graphs should be thought of as two different 

overlaid plots, one for each categorical variable.  Distances between points within a variable 

have meaning, but distances between points from different variables do not.  Other key points for 

the interpretation of these maps are (Greenacre 1983; UNESCO 2006): 

· Points near the origin have undifferentiated profile distribution as a consequence of the 

origin being places at the center of gravity of both clouds of points. 

· Point of clouds located away from the origin, but close to each other have similar 

profiles. 

· Points which do not contribute to the inertia of each axis are virtually identical to the 

average profile. 

· Concept of inertia in correspondence analysis is analogous to the concept of variance in 

principal component analysis
6
 and is proportional to the chi-square information. 

· Geometrically, a particular row profile would be attracted to a position in its subspace 

that corresponds to column variable categories prominent in that row profile.   

· Generally the row and column coordinates are summarized in a single plot.  However, it 

is important to remember that in such plots, one can only interpret the distances between 

row points, and the distances between column points, but not the distances between row 

points and column points.  The joint display of coordinates shows the relation between a 

point from one set and all points of the other set and not between individual points 

between each set.  

· A point makes a high contribution to the inertia of a principal axis in two ways –when it 

has a large distance from the barycenter
7
, even if it has a small mass, or when it has a 

large mass, but a small distance.  Considering all these points, it is necessary that the 

                                                 
6
 The first principal component has the largest possible variance (that is, accounts for as much of the variability in 

the data as possible). 
7
 In astronomy, the barycenter is the center of mass of two or more bodies, usually bodies orbiting around each 

other. 
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numerical results of correspondence analysis, namely absolute contribution and relative 

contribution, are all taken into account for interpreting the results of correspondence 

analysis. 

 

The first survey data set to be analyzed are those from questions 2 and 3.  In this case, 

100 percent of the total chi-square and inertia is explained by the first dimension, indicating the 

association between the row and column categories is one-dimensional.  The plot (Figure 4.2) is 

interpreted by first interpreting the row points (in blue) separately from the column points (in 

red).  MPO staff structure choice points (in red) are in ascending order from right to left.  MPO 

multi-state representation point 2 (no) is near the centroid and 1 (yes) is on the right of the 

centroid.  Recall that points which do not contribute to the inertia of each axis are located closer 

to the centroid.  Another observation is the first principal axis separates MPOs into those who 

and who do not represent a multi-state area.  In this case MPOs 1 and 2 represent a multi-state 

area while the remainder (MPOs 3, 4, and 5) do not.   

 

 

MPO Dim1 Dim2 

1 0.3042 0 

2 0.0275 0 

3 -0.1574 0 

4 -0.2229 0 

5 -0.3712 0 

Multi-state Dim1 Dim2 

1 (yes) 0.5004 0 

2 (no) -0.069 0 

 

Figure 4.2  Correspondence analysis of question 3 by question 2 

 

Multiple correspondence analysis (MCA) is an extension of simple correspondence 

analysis (CA) in that it is applicable to a large set of categorical variables.  The first two 

dimensions of this space are plotted to examine the associations among the categories where 

such information could be used in market research to identify target audiences for 

advertisements.  This interpretation is based on points found in approximately the same direction 

from the origin and in approximately the same region of the space.  Distances between points do 
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not have a straightforward interpretation in multiple correspondence analysis.  The geometry of 

multiple correspondence analysis is not a simple generalization of the geometry of simple 

correspondence analysis (Greenacre 1988).   

As observed in the MCA figure below (Figure 4.3), results are divided into two 

significant groups, those closer to the centroid and MPO staff structure point 5.  Focusing on the 

points closest to the centroid, one observes both of the categories represented by points 2 (MPO 

structure 2 and no multi-state area representation) are closest to the centroid.  The bottom-left 

quadrant of the plot shows that the categories MPO staff structure point 4 and 5 are associated 

while the categories represented by points 1 (MPO structure 1 and multi-state area 

representation) in the top-right quadrant are associated.  Another important observation MPO 

staff structure 2, 3, and 4 are associated to MPOs not representing a multi-state area while MPO 

staff structure 1 is associated to MPOs representing a multi-state area.   

 

 

Figure 4.3  Multiple correspondence analysis of question 3 by question 2 

 

A follow-up question to the above obtained results is: are these results the same when 

taking into account the population size of the area the MPO is a part of?  The only relevant 

question to this inquiry is question 28 which asks if an MPO is part of a transportation 

management area (TMA), an urbanized area larger than 200,000 in population.  Again a CA is 

conducted on questions 2 and 28, with results presented in Figure 4.4.  Again, the first principal 
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axis explains 100 percent of the variance.  A slight difference between Figure 4.2 and Figure 4.4 

is, in the latter MPO type 5 is more than often represented by a TMA.  CA for question 28 

depicts MPOs 1 (independent organization) and 2 (part of regional council/council of 

governments) are for the most part associated with a multi-state area while the remainder, MPOs 

3, 4 and 5 (part of county government office, part of city government office, and part of state 

DOT), are not associated with such area.   

 

 

 

MPO Dim1 Dim2 

1 0.171 0 

2 0.1687 0 

3 -0.075 0 

4 -0.4824 0 

5 1.1454 0 

TMA Dim1 Dim2 

1 (yes) 0.3197 0 

2 (no) -0.2437 0 

 

Figure 4.4  Correspondence analysis of question 28 by question 2 

 

Questions 3 and 28 are further examined through a CA (i.e., cross-tabulation of the 

variables of interest) where the levels of the row variables are factorially combined to form 

mutually exclusive categories; hence each individual fits into exactly one row category.  The first 

and second dimensions collectively explain 97.69 percent of the variance, with the first 

explaining 82.67 percent (Figure 4.5).  The figure clearly depicts those MPOs representing multi-

state area and TMA (MPO 1, 2, and 5) from those who are not (MPO 3 and 4).   
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Figure 4.5  Correspondence analysis of 

question 3 and question 28 by question 2 

 

Table 4.12  Correspondence analysis 

dimensionality of question 3 and 28 by 

question 2 

Inertia and Chi-Square Decomposition 

Dim Singular Principal Chi- 
 

Cum. 

 Value Inertia Square Percent Percent 

1 0.31765 0.1009 29.0596 82.67 82.67 

2 0.1354 0.01833 5.2801 15.02 97.69 

3 0.05304 0.00281 0.8103 2.31 100 

Total 0.12205 35.15 100 
 

Degree of freedom = 12 
  

 

 

 

The next survey data set to be analyzed are those from questions 2 and 4A.  The plot is 

interpreted by first interpreting the row points (in blue) separately from the column points (in 

red).  MPO staff structure points 1, 2, and 4 (in red) are near the centroid, making a relatively 

small contribution to the chi-square statistic, they also contribute almost nothing to the inertia of 

dimensions one and two (since coordinates on these dimensions have small absolute value 

relative to the other column points).  MPO staff structure points 3 and 5 are far from the centroid, 

making relatively larger contributions to the chi-square statistic and the inertia of dimension one.  

Results from the correspondence analysis exhibit the singular values, inertia, and inertia 

proportion explained by each estimated dimension (Table 4.13).  The first dimensions show 

more than 94 percent of the total chi-square and inertia is explained by the first dimension, 

indicating the association between the row and column categories is essentially one-dimensional.   

The row points, FHWA official on MPO board/committee points 2 and 3 (in blue) make a 

relatively small contribution to the chi-square statistic while point 1 makes a relatively larger 

contribution.  This is interpreted as more MPO staff structure point 3 (part of county government 

office) than would be expected have an FHWA member on their MPO board (MPO 

board/committee point 1).  Also, more MPO staff structure points 1, 2, and 4 (independent 

organization, part of a regional council/council of governments, and part of a city government 

office) than are expected have an FHWA official as member of their MPO’s committees and on 

their board and committees (MPO board/committee point 2 and 3).   
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Figure 4.6  Correspondence analysis of 

question 4A by question 2 

 

Table 4.13  Correspondence analysis 

dimensionality of question 4A by question 2 

Inertia and Chi-Square Decomposition 

Dim Singular Principal Chi- 
 

Cum. 

 Value Inertia Square Percent Percent 

1 0.08873 0.00787 1.72409 94.6 94.6 

2 0.0212 0.00045 0.09844 5.4 100 

Total 0.00832 1.82253 100 
 

Degree of freedom = 8 
  

 

 

 

Along the same lines, correspondence analysis (CA) is conducted on question 4 by 

question 2 and is presented in Figure 4.7(a) through Figure 4.7(d).  In general, a high percentage 

of the total chi-square and inertia is explained by the first dimensions for these results (64 

percent and 94 percent being the lowest and highest), which are indicative of row and column 

association being one-dimensional.  In addition, both axes encompass 100 percent of the 

variation for all graphs.  General observations for the figures are: 

· MPOs 1, 2, and 4 tend to, more than often, have officials on one or more committees (2) 

or on both the MPO board and on one or more committees (3).   

· MPO 3 tend to, more than often, be on the MPO board 

 

  

(a)  (b)  
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(c)  (d)  

Figure 4.7  Simple correspondence analysis of question 4B, 4C, 4D, and 4H by question 2 

 

A summary of the associations for Figure 4.6 and Figure 4.7 as explained in the previous 

paragraphs are loosely presented in Table 4.14.  This information is important as one begins to 

understand those professionals more likely to be involved in the influence of specific MPOs.  

Such information could be useful in identifying those professional connections which join forces 

to make an MPO more connected, well-known, and successful in the planning environment.  

Note, this table only depicts those officials found to be most applicable to the study and 

opportunely most CA results have higher significance.   

 

Table 4.14  Summary of correspondence analysis for question 4 by question 2 

 Inertia and Chi-

Square 

Decomposition 

(Principal axis 1 %) 

Indep. 

(1) 

Part of a reg. 

council / COG 

(2) 

Part of a 

county gov. 

office (3) 

Part of a city 

gov. office (4) 

Part of the 

state DOT (5) 

Q4A (FHWA) 95 2 2 1 2 3, 2 

Q4B (FTA) 78 2, 3 3, 2 1 3 2 

Q4C (DOT) 87 3 2, 3 2, 1, 3 2, 1 3 

Q4D (Env. 

agency) 
32 2 2 2, 1 2, 1 3 

Q4H (Other 

regional agency) 
82 3 2 2, 1 1, 2 3 

1=Board, 2=1 or more committee(s), 3=both 1 and 2 

* Cells with multiple values have multiple observed associations 

 

Furthermore, curiosity exists in knowing if the combination(s) of officials who are more 

likely to represent certain MPOs and are recorded in Table 4.14 are indeed correct.  This inquiry 
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can also be analyzed in simple correspondence analysis (or a simple cross-tabulation of the 

variables of interest) where the levels of the row variables are factorially combined to form 

mutually exclusive categories; hence each individual fits into exactly one row category.  The two 

cases of interest focus on analyzing question 4 official combinations by question 2.  These results 

are presented in Appendix section 8.3.4 (page 191).  

To detect how “other regional agencies” officials are involved in MPOs who do and do 

not represent a multi-state area, a CA was performed with these variables in mind.  The results 

from the CA exhibited singular values (Eigenvalues) and chi-square proportions as explained by 

the estimated dimensions in Table 4.15.  The first two dimensions collectively explain 93.56 

percent of the variance, where the first dimension explained 72.71 percent of the variance.   

 

Table 4.15  Correspondence analysis dimensionality of question 3 and question 4H by question 2 

Inertia and Chi-Square Decomposition 

Dim Singular Principal Chi- 
 

Cum. 

 Value Inertia Square Percent Percent 

1 0.35956 0.12928 26.5026 72.71 72.71 

2 0.19255 0.03707 7.6001 20.85 93.56 

3 0.10086 0.01017 2.0852 5.72 99.28 

4 0.03579 0.00128 0.2625 0.72 100 

Total 0.17781 36.4505 100 
 

Degree of freedom = 20 
  

 

The first principal axis in Figure 4.8a separates multi-state area representing MPOs, those 

representing (i.e. 1#) are on the right while those who are non-representing (i.e. 2#) are left of the 

centroid (refer to Figure 4.2).  However, there are two exceptions to the rule, the “11” (multi-

state representation and board membership) and “23” (non-representing multi-state and both 

board and committees membership) categories, who are in conflicting locations.  An explanation 

to this occurrence is the official’s membership directly influences MPOs to act more or less like 

a multi-state area representing MPO.  For example, MPOs with a “11” category response are 

more likely to behave as a non-representing multi-state MPO, while the MPOs with a “23” 

category response are more likely to behave as a representing multi-state MPO.  Similarly, first 

principal axis in Figure 4.8a separates officials’ membership, those members of both board and 

committee (i.e. #3) are on the right while those who are board or committee members (i.e. #1 or 
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#2) are left of the centroid (refer to Figure 4.7d).  Again, two exceptions are the “11” and “12” 

categories.  In this case their multi-state representation has shifted them right behaving more like 

a committee and both board and committee MPOs, respectively.   

The MCA graph (Figure 4.8b) depicts all variables decoupled, highlighting four distinct 

market segments based on respondents’ information.  The top-right quadrant depicts MPO type 2 

more likely to be a representative of a multi-state area.  The bottom-right quadrant depicts MPOs 

1 and 5 more likely to have “other regional agencies” officials as members of both their board 

and committee(s).  The bottom-left quadrant depicts MPO type 4 more likely to be a non-

representative of a multi-state area and whose “other regional agencies” officials are members of 

their committee(s).  Lastly, the top-left quadrant depicts MPO type 3 more likely to have “other 

regional agencies” officials as members of their boards.   

 

  

(a) (b) 

Figure 4.8  Simple and multiple correspondence analysis of questions 3 and 4H by question 2 

 

An added level of complexity is to determine how MPOs belonging (or not belonging) to 

a transportation management area (TMA) will affect the analysis performed above.  Specifically 

this inquiry is made by question 28.  Of the conducted analysis some notable results are those of 

“MPO staff structure in a TMA as represented by a FHWA official” (questions 4A and 28 by 

question 2) and “MPO staff structure in a TMA as represented by a other regional agency 

official” (questions 4H and 28 by question 2), presented in Figure 4.9.  Both of these results 

show 70.4 percent and 68.06 percent variance on the first dimension and two dimensional totals 

of 97.66 percent and 87.72 percent, respectively.  Figure 4.9a depicts a clear dominance and 
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demarcation by MPOs in or out of TMAs, no matter the official’s membership type.  MPO staff 

structures 1, 2, and 5 are associated with being part of TMA while MPO staff structures 3 and 4 

are not part of TMA.  Notice those with FHWA official membership of both board and 

committees (selection “3”) are pulled toward the centroid, meaning they have little to no 

contribution to the variance.  Figure 4.9b follows in a similar fashion with the slight exception of 

category “32” (board and committees membership and not part of TMA) which is taken across 

the centroid, emulating those who are part of TMA.  This may mean that for this case the other 

regional official’s membership has a more significant influence.   

 

  

(a) questions 4A and 28 by question 2 (b) of questions 4H and 28 by question 2 

Figure 4.9  Simple correspondence analysis of questions 4# and 28 by question 2 

 

Just as important to learning which officials are members of the MPO’s boards and/or 

committees, is identifying how and which organizations they coordinate with.  Question 8 asks 

“how, if at all, does your MPO coordinate its planning activities with the following types of 

organizations?”  Knowledge of this information allows for understanding the types of 

connections certain MPOs have.  Question 8’s correspondence analysis associations with MPOs 

(question 2) are less evident.  Of the provided organization types the higher significant inertia 

and chi-square decomposition value for axis 1 correspond to “Q8E: councils of 

government/regional council” (70.79 percent), “Q8B: state DOT” (61.11 percent), and “Q8F: 

regional transit operators” (62.9 percent).  Question 8E exhibited the highest variance, 93 

percent, collectively in its first two dimensions.  Recall, correspondence analysis (CA) graphs 

should be thought of as two different overlaid plots, one for each categorical variable.  The CA 
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shows how variables are related, not just in existing relationships, but through graphs 

representing the configuration of points in the projection planes, formed by the first and second 

principal axes.   

Table 4.16 depicts this variance along with singular values and chi-square proportions as 

explained by the estimated dimensions.  Table 4.17 summarizes the coordinating categories
8
 as 

associated to the MPO and illustrated in Figure 4.10.  As observed most MPOs have multiple 

types of coordination with COG/RC.  The exception is MPO 5 which as explained by the 

collected data is due to unanswered questions by these MPOs.   

 

 

Figure 4.10  Correspondence analysis of question 8B, 8E, and 8F by question 2 

 

                                                 
8
 See Appendix section 8.3 for all category definitions.  
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Table 4.16  Correspondence analysis 

dimensionality of question 8E by question 2 

Inertia and Chi-Square Decomposition 

Dim Singular Principal Chi- 
 

Cum. 

 Value Inertia Square Percent Percent 

1 0.51482 0.26504 47.442 70.79 70.79 

2 0.29305 0.08588 15.3723 22.94 93.72 

3 0.1533 0.0235 4.2067 6.28 100 

Total 0.37442 67.0209 100 
 

Degree of freedom = 36 
  

 

Table 4.17  Summary of results for question 

8E by question 2 

MPO Category Code 

1 31 26 
  

2 21 32 7 1 

3 30 26 
  

4 22 6 
  

5 -- 
   

 

 

Question 13 correspondence analysis depicts MPOs 1 (independent organization), 3 (part 

of county government office), and 5 (part of state DOT) are more likely to have a “state DOT” 

perform the travel forecasts for their long range plan.  MPO 2 (part of regional council/council of 

governments) is more likely to perform its own travel forecasts for their long range plan, while 

MPO 4 (part of city government office) is more likely to have “other regional planning body” 

perform the travel forecasts for their long range plan.   

 

 

Figure 4.11  Correspondence analysis of question 13 by question 2 

 

Although there are several other questions defined as relevant to this research they are not 

included in this section due to cases where results are slightly less noteworthy.   
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4.3 Cluster Analysis 

Following the analysis in the previous sections a cluster analysis was then undertaken utilizing 

the SAS analytics software.  This section will determine with exactitude which records fall 

within certain groups given specific characteristics. 

The general procedure followed is composed of several steps.  The first step is to select 

those variables to which the cluster technique should be applied.  Then, a distance measure is 

selected, i.e., Euclidian, Ward’s minimum variance, etc.  This is then followed by the selection of 

a clustering procedure, i.e., hierarchical or non-hierarchical along with their respective methods.  

The number of clusters for the data is then decided upon.  These clusters are then mapped and 

interpreted.  For validation and reliability purposes, if the number of clusters is inadequate, then 

these last two steps can be repeated with a more adequate number of clusters.  For other forms of 

validation and reliability one can chose a different distance measure, clustering techniques, as 

well as omitting variables.    

The first attempted clustering takes into consideration variables from question 2 (MPO 

staff structure) and question 3 (MPO multi-state area representation).  The utilized procedure is 

Ward’s which clusters items based on minimizing the squared Euclidean distance to the center 

mean.  Results are presented in terms of Eigenvalues, R-square (  ) statistic, semipartial R-

square (  ) statistic, pseudo F statistic, pseudo    statistic, and cubic-blustering criterion (CCC).  

Equations for these measures are presented in section 8.5 in the Appendix section.   

The variables in the data set do not have equal variance, hence scaling or transformation 

of some form must are performed.  One method is to standardize the variables to mean zero and 

variance one.  If the data might contain elliptical clusters rather than spherical clusters SAS’s 

ACECLUS procedure (SAS Institute 2009) can be used to transform the data such that the 

resulting within-cluster covariance matrix is spherical.  The procedure obtains approximate 

estimates of the pooled within-cluster covariance matrix and then computes canonical variables 

to be used in subsequent analyses.   

SAS’s PROC CLUSTER (SAS Institute 2009) procedure displays the table of 

Eigenvalues of the covariance matrix for MPO staff structure and multi-state are representation 

(question 2 by question 3), reference Table 4.18.  These values will be used in the computation 

of the cubic clustering criterion.  Table 4.18’s first column lists each Eigenvalue, the second 
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column lists the difference between the Eigenvalue and its successor.  The last two columns list 

individual and cumulative proportion of variation associated with each Eigenvalue. 

 

Table 4.18  Eigenvalues of the covariance matrix for question 2 by question 3, method=Ward's 

Eigenvalues of the Covariance Matrix 

 
Eigenvalue Difference Proportion Cumulative 

1 1.12539 1.02233 0.9161 0.9161 

2 0.10306 
 

0.0839 1 

Root-Mean-Square Total-Sample Standard Deviation 0.78372 

Root-Mean-Square Distance Between Observations 1.56745 

 

Cubic-clustering criterion compares the deviation of the clusters from the distribution 

expected if data points are obtained from a uniform distribution (Sarle 1983; SAS Institute 

2009).  Larger positive values of the CCC indicate a better solution, showing a larger difference 

from a uniform (no clusters) distribution.  The pseudo-F statistic captures the “tightness” of 

clusters, and is in essence a ratio of the mean sum of squares between groups to the mean sum of 

squares within the group.  Relatively large values of the pseudo-F statistic indicate good 

numbers of clusters.  Pseudo t
2
 statistic captures the measure for joining clusters.  A consensus 

among the three statistics (CCC, pseudo F, and Pseudo t
2
) aids in estimating the number of 

clusters in the data.  Local peaks of the CCC and pseudo F statistic combined with a small value 

of the pseudo t
2
 statistic and a larger pseudo t

2
 for the next cluster fusion will point to the number 

of clusters.   

Table 4.19 lists the last 15 iterations of the cluster history.  The first column lists the 

number of clusters while the next two columns provide the names of joined clusters.  Column 

four displays the number of observations in the new cluster.  The remaining columns are the 

statistics used to estimate the number of clusters in the data.  As observed, values for the semi-

partial    decrease in the proportion of variance accounted for by joining clusters.  The    

represents the proportion of variance accounted for by the clusters.  In this case data is grouped 

in two clusters, the proportion of variance accounted for is 72 percent.  The approximate 

expected value of    is given in the seventh column.  This expectation is approximated under the 

null hypothesis that the data have a uniform distribution instead of forming distinct clusters.  The 

last column in lists ties for minimum distance.  Blank values indicate no ties while a tie indicates 

clusters are indeterminate and changing the order of the observations might change the clusters. 
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Table 4.19  Iterative cluster history for question 2 by question 3, method=Ward's 

Cluster History 

Number 

of 

Clusters 

Clusters Joined Freq 
Semipartial 

R-Square 

R-

Square 

Approx. 

Expected 

R-Square 

Cubic 

Clustering 

Criterion 

Pseudo 

F 

Statistic 

Pseudo 

t-

Squared 

Tie 

15 CL23 CL19 23 0 1 0.967 . . . T 

14 CL155 CL35 15 0 1 0.964 . . . T 

13 CL14 PK326 16 0 1 0.961 . . . T 

12 CL69 CL15 107 0 1 0.958 . . . T 

11 CL32 CL18 13 0 1 0.953 . . . T 

10 CL92 CL22 40 0 1 0.948 . . . T 

9 CL53 CL17 59 0 1 0.942 . . .  

8 CL26 CL20 6 0.0042 0.996 0.934 50.5 9428 .  

7 CL9 CL84 61 0.0055 0.99 0.924 38.3 4795 .  

6 CL10 CL8 46 0.0184 0.972 0.911 21.8 1955 191  

5 CL11 CL13 29 0.0203 0.952 0.892 15.5 1396 .  

4 CL16 CL5 75 0.0656 0.886 0.864 3.5 738 236  

3 CL7 CL6 107 0.0707 0.815 0.817 -0.13 631 264  

2 CL12 CL4 182 0.0958 0.72 0.689 1.95 737 201  

1 CL3 CL2 289 0.7196 0 0 0 . 737  

 

Figure 4.12 displays three statistics (CCC, pseudo F, and Pseudo t
2
) for estimating the 

number of clusters in the form of line graphs.  The x-axis represents the number of clusters while 

y-axis represents the measure for each statistic.  Peaks in the plot of the CCC with values greater 

than 2 or 3 indicate good clusters; peaks with values between 0 and 2 indicate possible clusters.  

Large negative values of the CCC can indicate outliers.  As observed in Figure 4.12, local peaks 

of the CCC occur when the number of clusters is two, four, five, and thereafter as values increase 

steadily.  Similarly, the pseudo F has local peaks when the number of clusters is two, four, and 

thereafter as values increase steadily.  The pseudo    statistic is interpreted looking at the plot 

from right to left (or looking down the column) until the first value that is markedly larger than 

the previous value is found, then by moving to the right (or back up the column) in the plot by 

one step in the cluster history.  Figure 4.12 displays possibly good clustering levels at two 

clusters, four clusters, and five clusters.  Overall when the three statistics are considered together, 

they suggest that the data can be clustered into two clusters or four clusters.   
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Figure 4.12  Cluster criteria for question 2 by question 3, method=Ward's 

 

The following table (Table 4.20) displays the results of clustering the data into two and 

four clusters.  The table displays the frequency for the response categories for question 2 and 

question 3.  Notice that the 2-cluster results in this analysis are the same as those produced in the 

correspondence analysis in Figure 4.2 of section 4.2.  To reiterate these results, the centroid 

separates categories with MPO staff structure 1 and 2 into one cluster while MPO staff structure 

3, 4, and 5 are the other cluster.  The 4-cluster results are less intuitive when referencing section 

4.2, but nevertheless can be discerned from those results.  From the previous 2-cluster result, 

category “22” (MPO staff structure 2 and no multi-state representation) is classified into its own 

cluster.  Similarly, categories “42” and “52” (MPO staff structure 4 and 5 and no multi-state 

representation) are also classified into another cluster.  As observed, both sets of clusters allow 

for a better understanding of which response categories are more similar.   

 

Table 4.20  Cluster frequency based on categorical responses for question 2 and question 3 

responses 

Response 2-Cluster 4-Cluster 

QST2 Q3 1 2 1 2 3 4 

1 1 
 

13   13  
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1 2 
 

46   46  

2 1 
 

16   16  

2 2 
 

107  107   

3 1 3 
 

   3 

3 2 40 
 

   40 

4 1 3 
 

   3 

4 2 59 
 

59    

5 2 2 
 

2    

Total 107 182 61 107 75 46 

Grand total 289 289 

 

Further, Figure 4.13 displays a typical dendrogram which provides a graphical view of 

created clusters as provided in Table 4.19  As the number of branches grows from top to bottom 

so does the    value which approaches 1.  The first two clusters (branches of the tree) account 

for over 72 percent of the variation while four clusters account for 88.6 percent of the variation.   

 

 

Figure 4.13  Dendrogram of clusters versus R-square values for question 2 by question 3, 

method=Ward's 

 

The scatter plot in Figure 4.14 graphs the computed canonical values from the estimated 

covariance matrix from the earlier data transformation.  These figures along with previous 

figures and results are crucial for the estimation of the correct number of clusters in the data.   

A few results for question 2 by question 4A and 4B are presented in Appendix section 

8.3.5. 
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Figure 4.14  Scatter plot of canonical variables and cluster for two and four clusters, question 2 by 

question 3, method=Ward's 

 

4.4 Summary 

In summary, the collected responses present interesting findings, but are considered limited and 

limiting to certain extents for various reasons.  The first reason why the provided data is limited 

is due to respondents and those in collaboration with them being unknown to the researchers; 

lack of identifying information.  Second, the information is in aggregate (macro) form, in other 

words provided from an agency’s stance not from an individual’s viewpoint.  Lastly, at this stage 

reciprocated connections are practically nonexistent or impossible to unite between the 

appropriate entities due to the of lack entities’ identifying information.   

Data analyses of the collected responses provide a summary of the community.  For 

example, a histogram of question 2 depicts most responding agencies have a staff structure 

represented as “part of a regional council/council of governments” (38 percent), then followed by 

“part of a city government office (19 percent), and “independent organization” (18 percent).  

Responses to question 3 listed a great majority of MPOs not representing a multi-state area (88 

percent).  Responses to question 13 depict most agencies performing travel forecasts for long 

range plans are mostly MPOs (in-house) (45 percent), state DOT (30 percent), and consultants 

and other contractors (22 percent) in that order.  Responses to question 28 show approximately 

half are part of a transportation management area (TMA) (i.e., urban area larger than 200,000 

population) while the other half is not part of a TMA.         
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Chapter 5 

Designed Survey 

The purpose of the designed dissertation survey is to collect data that will help with the 

construction of an abstract network that will realistically represent the transportation planning 

and modeling community.  This survey’s questions will generally fall into the entities, ties, and 

tie strength categories.  In addition respondents are asked to specify levels of expertise in certain 

areas and software.  This will expose the demographics of respondents. 

To begin, the survey will ask basic questions that will help establish the identity of the 

surveyed individual; i.e., name, employer, job title, etc.  This information will fall into the 

defined “entity/individual characterization” category.  This information will be incomplete if 

measures determining an individual’s characteristics are not captured, hence action will be taken 

to collect such information.   

The next round of questions is tailored to determining an entity’s connections, partnerships, 

and/or affiliations with other individuals, agencies, companies, universities, DOTs, etc.  Key 

information to be collected is the identities of the individual’s partners.  Knowing this 

information will aid in connecting an individual’s networks with other networks through shared 

affiliations.  Eventually this will produce the universe network of transportation professionals, 

agencies, companies, etc.  Knowing a connection’s strength is an important component of this 

data collection, however also important is to know the converse, the importance/strength a 

partner places on the connection.  Altogether, this information will be classified into the “tie” 

and “tie strength” categories.   

 

Table 5.1  Pre-test dissertation survey questions 

Participation consent 

Do you consent to participate in this survey? 

a) Yes, maybe, no 

 

Section 1:  General information 

1) What is your name? 

2) What is your current job title? 

a) Please specify the years of experience in the transportation field. 

3) Please specify the name of your (most) current employer. 

a) Please specify the dates of employment at this organization. 
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b) Would you be willing to provide additional EMPLOYMENT and/or WORK 

HISTORY relevant to the transportation field? 

i) Yes, no 

4) Please specify your technical area(s) of expertise within the transportation field. 

a) 14 fields are provided along with an “other” fill in the blank option 

5) What is your level of experience in the following areas? 9 areas are provided 

a) No experience, beginner, intermediate, advanced, expert 

6) Do you have experience using travel models and analysis software 

a) Yes, no 

 

Section 2:  Utilized software information 

7) Please specify all travel analysis software you have used throughout your career.   

a) Range of years using SOFTWARE 

b) What is your level of technical experience with SOFTWARE. 

i) No experience, beginner, intermediate, advanced, expert 

 

Section 3:  Professional expertise network 

8) Please specify those professionals (e.g., name and affiliation) who you seek for 

transportation advice and/or expertise.  Please list at least 5 professionals. 

9) What is this professional’s employer or affiliation? 

10) What is PERSON #'s technical area(s) of expertise within the transportation field? 

a) 14 fields are provided along with an “other” fill in the blank option 

11) Please specify the range of years you have interacted/collaborated with PERSON # 

throughout your career. 

12) On average, how frequently are you in contact with PERSON #? 

a) Rarely, annually, biannually, monthly, biweekly, weekly, daily, N/A 

13) How would you rate PERSON #'s level of EXPERTISE? 

a) Good, very good, excellent, N/A 

14) How would you rate PERSON #'s level of ADVICE? 

a) Good, very good, excellent, N/A 

15) How would you rate your FRIENDSHIP with PERSON #? 

a) Acquaintance, casual friends, close friends, intimate friends, N/A 

16) How would you rate PERSON 1's overall INFLUENCE in the local, state, multi-state, and 

national transportation community ? 

a) Slightly influential, Somewhat influential, Very influential, Extremely influential, N/A 

 

Section 4:  Organization network 

17) Please specify the transportation partners (e.g., agencies, universities, companies, and/or 

other groups) you interact and/or collaborate with.  Please list at least 5 partners. 

18) Please specify the years you have interacted/collaborated with PARTNER # throughout 

your career. 

19) For which technical areas within the transportation field do you interact/collaborate with 

ORGANIZATION 1? Please select all that apply.? 

a) 14 fields are provided along with an “other” fill in the blank option 
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20) How many projects have you and ORGANIZATION 1 collaborated and/or partnered on? 

21) On average, how frequently do you interact/collaborate with PARTNER #? 

a) Rarely, annually, biannually, monthly, biweekly, weekly, daily, N/A 

22) How do you interact/collaborate with PARTNER #? 

a) 7 interaction options  are provided along with an “other” fill in the blank option 

23) In general, how would you rate PARTNER #'s adoption of LATEST TECHNOLOGY? 

a) Laggard, late adopter, early adopter, innovator, N/A 

 

Section 5:  Professional memberships 

24) Are you a member of any of these transportation professional organizations? 

a) Please state year range of membership 
 

 

An example of the pre-test survey responses is presented in the Table 8.12 in the 

Appendix section.   

5.1 Pre-test Survey Preliminary Results 

As addressed in section 3.1.2 survey responses collected from a select few professionals 

participating in the pre-testing phase of the survey are presented as a case study network.  The 

collected responses will serve as the team’s first attempt at constructing a social/professional 

network of the transportation modeling and planning community while also serving as the 

“testbed” for all procedures to be incorporated and developed for later analysis of the complete 

network (or universe).   

The results of the seven collected responses are represented in a node-link network in 

Figure 5.1.  Nodes (or entities) are represented by three subgroups; professional (green), 

organization (blue), and software (red).  An edge attaches two nodes if either has declared the 

other as a reference, partner, collaboration, employer, or other form of connection.  At this point, 

edge weights are naïvely set to a default value of 1.0, however later iterations of the network will 

include connection “importance” as stated in the survey.  The network is composed of 73 nodes 

and 156 directed edges.  Table 5.2 presents important statistical measures of the pre-test network.   

 

Table 5.2  Statistical measures of pre-test dissertation network 

Statistical Measure Value 

Average degree 2.137 

Average clustering coefficient 0.184 

Average path length 3.197 

Network diameter 8 
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Figure 5.1 shows “professionals” compose 30 percent of nodes while “organizations” and 

“software” compose 52 percent and 18 percent of nodes, respectively.  To be specific, 

professional nodes depict an individual transportation professional; organization nodes depict 

government agencies (e.g., DOT, FHWA, etc.), public/private companies, universities, and/or 

any other partnering or membership groups; and software nodes depict any type of computer 

software used by the professionals.   

 

Figure 5.1  Graphical network of pre-test dissertation survey 

 

Figure 5.2 represents the same network as above, however in this case the degree 

centrality metric, which is the sum of a node’s in- and out-degrees, is represented by node size.  

From the figure one can appreciate the “professional” nodes representing the pre-test survey 

respondents, and those with higher degrees (bigger node sizes).  Higher degree is a result of the 

many partnerships and connections they identified in the survey.  The overall network average 

degree is 2.137.  Furthermore, some of the respondents named each other as a connection, 

augmenting each others’ degree metric.  Note, at this point in time all degrees (in and out) are 
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calculated with all edge having equal weight of 1.0.  This means metrics using weighted 

connections will be included in Chapter 6.  Another important issue to note is the fact that in this 

case a multi-mode (e.g., professional, organization, and software modes) network as opposed to a 

single-mode network (e.g., only professional) exists.  In a multi-mode network the degree 

centrality metric (and other metrics) may become distorted or ambiguous.  Dealing with this 

problem will also be further explained and explored in Chapter 6.  Note, default input values are 

used for the generation of many of the figures below.  This classifies these results as preliminary 

and to be further explored in future work.   

 

Figure 5.2  Pre-test dissertation survey responses – degree centrality metric 

 

Figure 5.3 represents the betweenness centrality metric, or in other words “how often a 

node appears in shortest paths between nodes in the network”.  Similar to the degree metric, the 

betweenness metric is represented by the node size.  From the figure one can observe the seven 

pre-test survey respondents maintain a high betweenness value.  However, some organizations 

and software also experience high betweenness values.  The overall network statistics are:  

diameter is equal to 8, average path length is 3.197, and number of shortest paths is 2278.  
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Similar to the previous metric, edge weights are equal to 1.0, ignoring “strength” (or weight) 

placed by those involved in the friendship, partnership, or other type of connection.  In addition, 

single-mode vs. multi-mode issue appears again in this metric.  Recall, dealing with weighted 

calculations and multi-mode networks will be included in Chapter 6.   

 

Figure 5.3  Pre-test dissertation survey responses – betweenness centrality metric 

 

Besides discerning entity distributions, segmentation of the entities is also important to 

understanding the network.  To begin the network’s modularity
9
 (or community detection) is 

determined.  The utilized algorithm was developed by Blondel, Guillaume et al. (Blondel et al. 

2008) and is a heuristic method based on modularity optimization.  Its complexity is linear on 

typical and sparse data.  The overall network modularity is 0.463 and creates a total of 5 

communities which are color coded in Figure 5.4.  These communities have the following 

amount of entities: Community 1 has 22 entities (red), Community 2 has 15 entities (blue), 

Community 3 has 10 entities (purple), Community 4 has 15 entities (aqua), and Community 5 

has 11 entities (green).  From the figure distinct communities are appreciable within the network.  

                                                 
9
 Modularity measures the strength of division of a network into modules (also called groups, clusters, or 

communities).   
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Also, one can identify those entities bridging one or more communities together (e.g., 

professional bridging Community 1 and 5).   

 

Figure 5.4  Pre-test dissertation survey responses – modularity metric 

 

Similarly, additional clustering algorithms are explored.  Results of these algorithms are 

represented in Figure 5.5 and Figure 5.6, where again colors represent entities belonging to the 

same cluster.  Figure 5.5 depicts the Chinese Whispers clustering algorithm.  This algorithm is 

“time-linear (w.r.t. the number of edges), non-deterministic and extremely efficient” (Biemann 

2006).  In the figure, there are two clusters, depicted in red and blue colors.  The red cluster is 

composed of 62 elements while the blue cluster is composed of 11 elements.  This algorithm, 

although effective, is tailored for weighted and undirected graphs.  Hence it may not be ideal for 

this analysis.  

Figure 5.6 represents results from the Markov clustering algorithm (MCL).  This 

algorithm is “based on simulation of (stochastic) flow in graphs” (van Dongen 2000).  In this 

case the algorithm creates two clusters, where 30 elements reside in cluster 1 (red) and 37 

elements reside in the other cluster (blue), however 6 elements are not clustered (green).  This 

clustering lapse could be due to the utilized algorithm input settings.   
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Figure 5.5  Pre-test dissertation survey responses – Chinese Whispers clustering metric 

 

Figure 5.6  Pre-test dissertation survey responses – MCL clustering metric 
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5.1.1 Edge strength/weight calculations 

As Granovetter wrote, “the strength of a tie is a (probably linear) combination of the amount of 

time, the emotional intensity, and intimacy (mutual confiding), and the reciprocal series which 

characterize the tie” (Granovetter 1973; Granovetter 1983).  Friedkin (Friedkin 1982) further 

explored and enlightened the importance of strong and weak tie strengths with regards to 

information flow in intra-organizational social networks.  Subsequent studies have expanded on 

the different approaches to deal with weighted networks.   

Motivated by the defined measure of tie strength and the importance of such ties this 

research study will explore several of the methods in the literature.  To ensure appropriate data is 

available for this task, the dissertation survey was specifically designed to collect ties (or dyads) 

in terms of amount of time, intensity, and intimacy.  This information can then be used to 

calculate strength or importance of relationships through developed models delineating such 

relationship.  For starters, a simple linear model will be developed based on the survey collected 

variables and will look similar to Equation 25 below.   

 

Tie strength (simple model)              Equation 25 

where, 

      = constants 

      = variables representing time, intensity, intimacy, and/or other tie measures 

 

In addition, through continued exploration of tie strengths, computation and discovery of 

node similarities as well as missing links in the network can be accomplished.   

5.2 Survey Results 

Over 400 recruiting emails were sent to the target audience, 69 persons responded to the survey 

as wanting to participate, while 5 persons responded as declining participation.  This results in an 

approximate 18 percent response rate.  The survey was open for participation for approximately 

3 months from January 29, 2014 through April 30, 2014.   

The collected responses produced a total of 561 unique entities (or nodes) are collected 

along with a total of 1,643 entity connections (or edges).  The 561 nodes are comprised of the 

following referenced entity types:   
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· 228 individual professionals 

· 244 organization partners  

· 71 travel analysis software  

· 18 professional membership organizations 

5.2.1 Respondents results 

Question 2 of the survey asks participants to declare their most current job titles.  Responses 

ranged from analysts, university professors, company owners, to agency directors.  A total of 55 

job titles are declared and are listed in Table 5.3 below along with the tally of respondents 

declaring such title.   

 

Table 5.3  Survey participants job titles 

PK Title Count PK Title Count 

1 Principal 3 29 Manager, Information Management Branch 1 

2 Professor 3 30 Traffic Group Manager 1 

3 Senior Travel Modeler 3 31 Planning Project Manager 1 

4 Transportation Engineer 3 32 Postdoctoral Fellow 1 

5 Associate Professor 2 33 President 1 

6 Modeling Manager 2 34 Principal Engineer 1 

7 Principal Transportation Planner 2 35 Principal, Planning 1 

8 Program Manager 2 36 Program manager of Modeling 1 

9 Research Scientist 2 37 Project Manager 1 

10 Transportation Modeler 2 38 Regional Transportation Planner 1 

11 Adjunct Professor 1 39 Research Associate 1 

12 Assistant Director, Highway Systems 1 40 Senior Analyst 1 

13 Central Region Project Operations Manager 1 41 Senior Consultant 1 

14 CEO 1 42 Senior Manager 1 

15 Chief of Research & Forecasting 1 43 Senior Planner 1 

16 Chief Transportation Planner 1 44 Senior Principal Engineer 1 

17 Community Planner 1 45 Senior Program Manager 1 

18 Deputy Director 1 46 Senior Research Scientist 1 

19 Deputy Director for Technology Services 1 47 Senior Researcher and Modeler 1 

20 Deputy Executive Director 1 48 Senior Transportation Modeler 1 

21 Deputy Executive Officer of Planning 1 49 Senior Transportation Planner 1 

22 Director of Research & Development 1 50 Transportation Engineer 3 1 

23 Director of Transportation 1 51 Transportation Modeling Program Manager 1 

24 Director, Transportation Planning 1 52 Transportation Operations Specialist 1 

25 Division Head 1 53 Transportation Planner 1 
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PK Title Count PK Title Count 

26 Manager 1 54 Transportation Planning Manager V 1 

27 Manager of Research & Analysis 1 55 Vice President 1 

28 Manager of Strategic Planning 1 TOTAL 69 

 

Survey question 3 asks participants to provide information on their most current 

employer and optionally their former employers.  This information along with those of individual 

and organization partners is summarized in section 5.2.5 institution types.  Respondent’s 

employer results are categorized into three institution types (government agencies, private 

consultants, or university) best depicting the employer, resulting in 82, 73, and 35 employer 

counts, respectively.  Further, for those employers whose year range of employment is provided 

Figure 5.7 is compiled to depict employer types by year.  The numbers of university employers 

have a constant trend ranging from approximately 5 to 10 counts.  From approximately 1985 to 

1997 private consultants are the more popular employer type, but are soon overtaken by 

government agencies.  Interestingly, November 1995 marked the United States’ federal 

government shutdown and the National Highway Designation Act (ending the federal 55 mph 

speed limit).   

 

 

Figure 5.7  Participant employment history by employer type 
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Several survey questions ask participants to state range of years of experience, 

collaboration, partnership, and employment within the transportation field.  This information is 

important in efforts to follow the time progression or evolution of the network and its comprising 

nodes and link.  In particular, overall experience years declared by respondents ranged from 

1961 to 2014, a span of 48 years.  These years are then categorized into 5-year bins ranging from 

0 to 50 years of experience to comprehend the distribution of experience.  As observed from 

Figure 5.8, 30, 20 and 25 years of experience comprise 60 percent of responses and average 

experience is 22 years with a standard deviation of 10 years.   

 

 

Statistical Measure Value 

Mean 21.81 

Standard Error 1.15 

Median 23.00 

Mode 18.00 

Standard Deviation 9.53 

Minimum 5.00 

Maximum 48.00 
 

Figure 5.8  Respondents’ year range of experience 

 

 

Figure 5.9 Survey participant gender 
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disproportion number of males in the transportation planning and modeling field and overall 

further support such low number of females participating in the STEM fields.   

Respondents are asked to select their technical areas of expertise within the transportation 

field.  They are provided with 14 technical areas of expertise (top of Figure 5.10) and could 

“select all that apply” as well as enter others not listed (bottom of Figure 5.10) in the provided 

“other” field.  The compiled results are depicted in Figure 5.10 below.   

As expected the respondents’ prevalent technical areas are “network modeling and 

analysis”, “travel demand modeling”, and “travel demand forecasting”.  This is due to the 

survey’s tailoring and goal to recruit transportation professionals in the transportation planning 

and modeling community.  A 15 count difference divides these three technical areas from the 

next most popular group, “research” and “transportation (general)”.  The next group, “public 

transportation” and “land-use planning”, is separated by 11 counts from the second group.  The 

last group composed of seven technical areas: “pedestrians and bicyclist” through 

“environment”.  The pie graph depicts the 14 technical areas of expertise provided in the survey 

in terms of percentages.   

 

 

Figure 5.10  Respondents’ declared technical areas of expertise 
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Survey respondents are provided 9 technical areas within the transportation filed and are 

asked to rate their level of expertise in each particular area.  The rating scale ranges from “no 

experience”, “beginner”, “intermediate”, “advanced”, and “expert”, in that order.   

Results show this sample population has high levels of expertise in “TDM-four step 

model”, “mode-choice analysis”, and “transportation network modeling” with more than 75 

percent of respondents declaring their level of expertise as “advanced” or “expert”.  Lower levels 

of expertise, approximately 55 to 60 percent with “no experience” or “beginner” levels, are 

stated for “air quality/emissions analysis” and “special event planning” areas.  Expertise levels 

for what are considered emerging technical areas, “dynamic traffic assignment (DTA)” and 

“TDM-activity based modeling”, are relatively evenly distributed among the “beginner”, 

“intermediate”, and “advanced” with percent ranging from 21-30 percent for each level rating, 

while “no experience” and “expert” level ratings are less than 15 percent.  Participants’ level of 

expertise in areas of “land-use projection/planning” is mostly rated “intermediate” with 45 

percent.  Similarly, “transit planning” is rated “intermediate” with 36 percent and “beginner” 

with 28 percent.   
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Figure 5.11  Respondents’ stated level of expertise in the provided technical areas  
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In section 2 of the survey, participants are asked to list travel analysis software they have 

used throughout their modeling and planning career, along with respective years of use.  A total 

of 275 software tools are listed of which 78 are unique software entries.  Figure 5.12 below 

depicts a histogram of those software listed more than once.  This information allows for the 

identification of the various software used in the transportation planning and modeling universe.  

Note, a particular vendor may distribute one or more of the software packages listed in the 

Figure 5.12 below.   

The legend on the bottom right of Figure 5.12 identifies the software in terms of the 

software type.  This classification is based on the author’s knowledge and company’s website 

product descriptions.  In total 19 software types are identified and although some software may 

fall under more than one category, only the best fitting category is selected.  The “other” 

software type represents software not typically used in the transportation planning and modeling 

community. 

 

Table 5.4  Software type categories 

Software Types 

1 Activity-based model (ABM) 11 Signals model 

2 Air quality model 12 Statewide transportation models 

3 Databases 13 Statistical package 

4 Discrete choice models 14 Traffic simulation (Mesoscopic) 

5 Geographic information system (GIS) 15 Traffic simulation (Microscopic) 

6 Highway capacity manual (HCM) 16 Transit service models 

7 Highway capacity software (HCS) 17 Transportation planning (Macroscopic) 

8 Land use model 18 Urban transportation planning system (UTPS) 

9 Mathematical programming 19 Other 

10 Programming language   
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Figure 5.12  Respondents’ stated software and software type 
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3.99 (with standard deviation of 2.72).  These results support the idea that professionals in this 

community should be familiar with several software packages in order to at some point perform 

their job responsibilities.   
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Statistical Measure Value 

Mean 3.99 

Standard Error 0.33 

Median 3.00 

Mode 5.00 

Standard Deviation 2.72 

Minimum 0.00 

Maximum 11.00 
 

Figure 5.13  Respondents’ number of listed software 

 

Figure 5.14 depicts the frequency of all recognized software types given the survey 

declared software.  As observed, transportation planning (macroscopic) models is by far the most 

popular with a total of 106 identified software (39 percent).  The next most popular is traffic 

simulation models (mesoscopic) with 46 counts (17 percent), traffic simulation models 

(microscopic) with 22 counts (8 percent), statewide transportation models and signals models 

with 13 counts (5 percent) respectively, and activity-based models (ABM) and urban 

transportation planning system (UTPS) with 12 counts (5 percent) respectively.   

Moreover, software type frequencies in Figure 5.14 are categorized by employer types 

when considering respondent’s most current employer only.  This snapshot provides an overall 

understanding of the software types used as associated to employer types at the time the survey 

was conducted.  Employers are categorized into three institution types:  university, government, 

and private.  The information provided by categorizing software and employers allows the 

awareness of the software types institutions utilize for the planning and modeling process.  As 

observed government institutions are highly dependent on transportation planning (macroscopic) 

models with 64 software counts (42 percent of all software utilized by government institutions).  

Private institutions have a slightly lower dependence on transportation planning (macroscopic) 

models with 32 software counts (37 percent of all software utilized by private institutions), while 

respondents with university affiliation have identified 10 transportation planning (macroscopic) 

models (31 percent of all software utilized by universities).   

0%

20%

40%

60%

80%

100%

120%

0

2

4

6

8

10

12

14

16

0 1 2 3 4 5 6 7 8 9 10 11 12

Fr
e

q
u

e
n

cy

Listed software

Histogram



 

Page 101 

In terms of mesoscopic traffic simulation models, both government and private 

institutions have similar frequencies, 19 (13 percent of all software utilized by government 

institutions) and 21 (24 percent of all software utilized by private institutions) respectively, while 

respondents with university affiliation have identified 6 mesoscopic traffic simulation models 

(19 percent of all software utilized by universities).   

Governments, private, and university institutions declare microscopic traffic simulation 

models 7, 10, and 5 times, respectively.  These values are equivalent to 5, 11, and 16 percent, of 

all software utilized by governments, private, and university institutions, respectively.   

 

 

Figure 5.14  Respondents’ stated software categorized by type and by current employer affiliation 
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when they are actually utilized.  This association is achieved by comparing employment years 

(i.e., 1999-2014) and years of software use (i.e., 1999-2005), if these year ranges overlap then 

the software is associated to an employer.  Once this association is established, software and 

employers are then categorized into respective categories such as those in Figure 5.14, resulting 

in Figure 5.15.   

The general observation from Figure 5.15, in contrast to Figure 5.14, is the greater 

number of software associated to university employers.  This conveys and reaffirms the 

importance universities have in introducing, educating, and influencing transportation planning 

and modeling professionals with respect to software use.   

 

 

Figure 5.15  Respondents’ stated software categorized by type and by all employer affiliations 
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percent).  The Figure 5.16 below summarizes the tally of these responses.  Omitted from these 

percentages are 12 instances where software was listed but no corresponding level of expertise 

was provided.   

 

 

Figure 5.16  Summary of respondents’ stated software level of expertise 

 

Interestingly, when reviewing the “additional comments” for this section, several 

respondents stated their direct involvement in the development of some of the listed software.  In 

hindsight, a “developer” category could have been added to the survey.  However, this does not 

affect results as a developer is an expert.   

By coupling the results from the listed software and levels of expertise the classified level 

of expertise per software can be illustrated.  Figure 5.17 below depicts such classification for the 

most prevalent listed software and whose level of expertise was stated.   
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Figure 5.17  Respondents’ stated software level of expertise by software 
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usages for a length of 10 years, and so on.  Entries with 0 years of usage (16 responses, 6 

percent) correspond to software with no identified usage year range.   

 

 

Statistical Measure Value 

Mean 10.01 

Standard Error 0.45 

Median 8.00 

Mode 4.00 

Standard Deviation 7.50 

Minimum 0 

Maximum 37 
 

Figure 5.18  Respondents’ stated software years of use 

 

5.2.2 Individual partner results 
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for transportation advice and/or expertise.  Participant responses reference 285 records, of which 

a total of 191 are unique records (i.e., individual).  Of these mentioned professional partners, 

again females are the minority with 18 percent (34 persons) of the participants and males are the 

majority with 82 percent (157 persons), see Figure 5.19 below.   

 

 

Figure 5.19 Professional partners’ gender 
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Technical areas of expertise for these declared individual professional partners are also 

provided by the survey respondents.  Similarly, 14 technical areas of expertise (top of Figure 

5.20) are provided as an option along with an “other” field (bottom of Figure 5.20) where fields 

not listed can be entered.  To eliminate double counting of fields listed per individual, the records 

for professional partners mentioned by more than one person are consolidated to include unique 

fields.  The collected results are summarized in Figure 5.20 below.  In this case, the area most 

stated is “travel demand forecasting” with 102 counts, followed by “network modeling and 

analysis” (94 counts), “travel demand modeling” (89 counts), and “research” (83 counts).  The 

pie graph depicts the 14 technical areas of expertise provided in the survey in terms of 

percentages.   

 

 

Figure 5.20  Individual partners’ technical areas of expertise 
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summarized in the histogram below (Figure 5.21), where x-axis represents 2 year incremental 

bins starting at 0 year and ending at 40 years of collaboration.  Referenced individuals whose 

collaboration years are not provided are recorded with 0 year collaboration value (46 responses, 

16 percent).  Results depict the average year of collaboration is approximately 11 years.  

Omitting the 0 year responses (see Appendix section 8.7 for these results), with a remainder of 

239 responses the top ranking collaboration years are 6, 8, 10, and 16 year, totaling 41 percent of 

responses.   

Of the 285 referenced individuals, 246 records are provided with contact frequency 

information.  Results for the 39 records with “no response” for contact frequency are available in 

Appendix section 8.7.  This information is provided in the Figure 5.22 below.  As observed 

approximately 72 percent of contact is done on a monthly or more frequent basis, where 30 

percent, 11 percent, 20 percent, and 11 percent of contact is monthly, biweekly, weekly, and 

daily, respectively.  This indicates active ties between and among those individuals.   

 

 

Statistical Measure Value 

Mean 10.89 

Standard Error 0.54 

Median 9.00 

Mode 0.00 

Standard Deviation 9.13 

Minimum 0.00 

Maximum 42.00 
 

Figure 5.21  Individual partners’ collaboration years (no responses, 0 year, omitted) 
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Figure 5.22  Contact frequency with individual partners (no responses omitted) 

 

 

Figure 5.23  Contact frequency by individual partners’ employer type  
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Figure 5.24  Expertise and advice rating for referenced individual partners 

 

 

Figure 5.25  Friendship type with referenced individual partners 
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Survey participants are also asked to rate the referenced individual partner’s geographical 

influence (local, state, multi-state, and national) on a scale ranging from “slightly influential” to 

“extremely influential”, along with “no basis to judge” and “not applicable” options.  A local 

influence suggest city wide, as the name suggest state influence suggest state wide, multi-state 

influence suggest crossing of borders into other states, and national influence suggest across the 

entire U.S.A.  Notice this geographical influence rating is intended to be independent of the 

respondent’s and partner’s physical proximity or accessibility, however it may or may not be a 

byproduct of such proximity/accessibility.  Overall, as observed from the results compiled in the 

Figure 5.26’s histogram and Table 5.5 below, most participants received “extremely influential” 

and “very influential” ratings with 34 and 30 total percentages, respectively.   

 

 

 

Figure 5.26  Individual partner’s influence rating per geographical location 

 

Table 5.5  Individual partner’s geographical influence 
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Figure 5.27 portrays the additional classification of the geographical influence ratings 

with respect to the individual partner’s employer organization.  Overall, private agencies have 

high “very influential” and “extremely influential” ratings across the board.  Government 

agencies have high “very influential” and “extremely influential” ratings at the local level then 

followed by the state level.  Universities have high “very influential” and “extremely influential” 

ratings at the state level, closely followed by the national level.   

 

 

Figure 5.27  Individual partner’s influence rating per geographical location and organization type 
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below.  The pie graph depicts the 14 technical areas of expertise provided in the survey in terms 

of percentages.   

 

Figure 5.28  Organization partners’ technical areas of expertise 
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Statistical Measure Value 

Mean 12.36 

Standard Error 0.62 

Median 10 

Mode 5 

Standard Deviation 9.01 

Minimum 0 

Maximum 52 
 

Figure 5.29  Organization partners’ contact frequency 

 

The frequency of contact for the identified collaboration with organization partners are 

summarized in Figure 5.30, where only one contact frequency selection is permitted.  The 

observed results depict monthly and biannually contact as the most frequent contact types with 

73 and 61 counts, respectively.   

 

 

Figure 5.30  Organization partners’ contact frequency and collaboration 
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existing collaborations types within this community.  The “in-person meetings” and 

“phone/online meetings” collaboration types are the most selected with 163 (21 percent) and 164 

(22 percent), respectively.   

 

 

Figure 5.31  Organization partners’ collaborations type 

 

Results from the two figures above are consolidated in Table 5.6 to properly attribute 

collaboration types with respective collaboration frequencies.   
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Contact frequency 

Collaboration type 
Daily 

(%) 

Weekly 

(%) 

Biweekly 

(%) 

Monthly 

(%) 

Annually 

(%) 

Biannually 

(%) 

Rarely 

(%) 

N/A 

(%) 

Online shared 

documents 
5 (12%) 10 (8%) 4 (5%) 24 (9%) 1 (3%) 9 (5%) 

  

Conferences 
 

1 (1%) 
 

1 (0%) 
 

3 (2%) 
  

Listserv 
 

1 (1%) 
      

Trade magazine 

publication    
2 (1%) 

    

Grand Total 
43 

(100%) 
130 

(100%) 
74 

(100%)e 

267 
(100%) 

39 (100%) 187 (100%) 3 (100%) 
4 

(100%) 

*No response or blanks have been removed from both categories 

 

Technology adoption results for identified organization partners are summarized in 

Figure 5.32.  These organizations are identified as innovators, early adopters, or average adopters 

with 78 (40 percent), 62 (32 percent), and 40 (20 percent) counts, respectively.  To further 

appreciate these results they are coupled with their associated organization type, producing 

Figure 5.33.  Innovators are distributed fairly evenly among governments (203 counts, 38 

percent), university (182 counts, 29 percent), and private (154 counts, 34 percent) organization 

partners.   

 

 

Figure 5.32  Organization partners’ technology adoption rating 
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Figure 5.33  Organization partners type and technology adoption rating 

 

5.2.4 Membership organization results 

Survey participants are asked about the professional memberships they hold within the 

transportation field in question 9.  The respondents can select all that apply from the provided 13 

membership categories (refer to Table 5.7 below) and can provide non-listed membership 

organizations in the “other” category.   
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11 Transportation Research Board (TRB) committee and/or subcommittee member 

12 Travel Model Improvement Program (TMIP) 

13 Young Professionals in Transportation (YTP) 

14 Other:  [Fill in blank]   
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The collected results for question 9 are summarized in Figure 5.34 below.  

Unsurprisingly, the most represented organization is the Transportation Research Board (TRB) 

member with 45 votes while closely followed by the Institute of Transportation Engineers (ITE) 

with 43 votes.  In close at third is the Travel Model Improvement Program (TMIP) with 38 

votes.  This is a very pleasant result since this organization’s mission is to “Support effective use 

of analytic methods and tools in transportation decision-making” and it reflects its important 

impact on the community.  The pie graph depicts the 13 membership organizations (top of Figure 

5.34) provided in the survey in terms of percentages.   

 

 

Figure 5.34  Membership organization results 
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university.  The purpose of this categorization is to identify the impact these three institutions 

have on this community, Figure 5.35 and Figure 5.36 below summarize the findings.   

Figure 5.35 summarize institution types from participants’ employers (question 3) and 

their professional partners (question 7).  Results are represented in terms of individual and 

employer pairs (ex. Jane Smith employed at XDOT).  Note, to account for any replicated 

individual and employer pairs (ex. Jane Smith employed at XDOT) duplicate records are 

removed and only unique pairs remained.   

As observed in blue in Figure 5.35, participant employers are evenly identified into 

government agencies (81, 43 percent) and private consultants (73, 38 percent), while universities 

are less often (36, 18 percent) identified.  Similarly and depicted in red in the figure, individual 

professional partner employers (question 7) are evenly identified into government agencies (79, 

41 percent) and private consultants (70, 36 percent), while universities are less often (46, 24 

percent) identified.  Results from both the participant and professional partner employer results 

are aggregated and are depicted in green in the figure.  Overall, individuals’ employers are 

composed of 42 percent government (149 count), 36 percent private (130 count), and 22 percent 

university (79 count) institutions.   

 

 

Figure 5.35 Institution types, unique individual and employer pair 

 

Repeating a similar process to the mentioned above, a summary of unique institutions 

identified in participant employers (question 3), individual professional partners (question 7), 

and partner organizations (question 8) is compiled in Figure 5.36.  In this figures, results are 
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represented in terms of unique organization as opposed to the individual and employer pairs (ex. 

Jane Smith employed at XDOT) in the figure above.    

As observed in Figure 5.36, participant employers are primarily represented by 

government (53, 42 percent) and private (47, 37 percent) while universities are represented by 21 

percent (26 count).  Individual professional partners are fairly evenly represented by government 

agencies (42, 42 percent), universities (30, 30 percent), and private consultants (29, 29 percent).  

Conversely, organization partners are highly represented by 57 percent government agencies (70 

counts), while universities private consultants are represented by lower values, 25 percent (31 

counts) and 18 percent (22 counts), respectively.  Government agencies’ prominent 

representative value is due to such institutions setting standards and guidelines to projects, 

proposals, etc.   

 

 

Figure 5.36 Institution types, unique organizations 
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Chapter 6 

Social Network Construction, Analysis, and Validation 

This chapter extends the scope of the previous chapter by focusing on incorporating the collected 

survey records to construct a social network (or graph), where the basic components of this 

network (e.g., nodes and edges) are represented individuals, organization, memberships, and 

mutual connections.  Connection durations as well as their rated significance are considered in an 

effort to create a network that evolves with time and where connections are weighted as a result 

of ratings.   

The construction of a network representing the transportation planning and modeling 

community facilitates the visualization, exploration, and understanding of this community.  What 

first appears to be a “disjointed” community begins to take order as network connections 

highlight channels where communication and ideas flow.  This is important for the continued 

efficiency and influence of the planning and modeling community on the overall transportation 

community.   

The following section describes the network construction processes and is followed by 

the implementation of several social network (SN) analysis methods that provide overall 

descriptors of the network.  This is followed by the exploration of the network in the time 

continuum; also know as dynamic/temporal network.  Lastly, edge validation methods are 

implemented for the prediction of edges given a snapshot of the network at a specified time.   

6.1 Network Construction 

The construction of the social network in terms of nodes and links required extraction and 

manipulation of the collected survey data records.  Careful attention is placed on the record 

cleanup process and to ensure multiple records provided for an individual and organization do 

not overwrite each other in the data table manipulation process and are merged to represent 

correct information (e.g., attributes, connections, dates, and ratings).   

The overall network construction step is summarized in the pseudo code in Table 6.1 

below and is divided into the record read-in (step 1) and network construction (step 2).  As its 

name suggests, in step 1 survey responses are read into a database to facilitate network 

construction.  In this first step all partner references and provided ratings are written into the 

database, called “SurveyResponseDatabase”, to be queried in step 2 of this process.   
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The network construction process accesses the database to translate referenced partners to 

network graph nodes and edges.  Two features written into the network construction are the 

ability to filter nodes based on the type (e.g., professional, organization, membership, and 

software) and affiliated technical area of expertise (e.g., travel demand forecasting, etc.).  These 

filter features will allow for the separate analysis of networks given node type and technical area 

affiliation.  Declared ratings to advice, expertise, friendship, influence, collaboration, etc. are 

used in the calculation of edge weights.   

 

Table 6.1  Pseudo code for survey record read-in and network construction 

Network construction pseudo code 

STEP 1:  SURVEY RESPONSE RECORD READ-IN 

for all responses in SurveyResponse list 

create participantName record in SurveyResponseDatabase 

 

for all employers and year ranges of employment 

for all associated technical areas of expertise 

append employer, year ranges, and technical areas of expertise to participantName 

record 

 

for all individual professional partners and year ranges of collaboration 

for associated technical areas of expertise 

for employer 

for ratings on advice, expertise, friendship, etc. 

for frequency of collaboration 

append individual professional partners, employer, year ranges, technical areas of 

expertise, employer, ratings, and collaborations to participantName record 

 

for organization professional partners and year ranges of collaboration 

for employer  

for associated technical areas of expertise 

for ratings on advice, expertise, friendship, etc. 

for frequency of collaboration 

append organization professional partners, employer, year ranges, technical areas of 

expertise, employer, ratings, and collaborations to participantName record 

 

for membership organization and date ranges of membership 

append membership organization and year ranges to participantName record 

 

for software and year ranges of use 
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Network construction pseudo code 

for rating on skill level 

append software, year ranges, and skill rating to participantName record 

 

Update participantName record to SurveyResponseDatabase 

 

STEP 2:  NETWORK CONSTRUCTION 

# Filter types:  node and technical area of expertise  

define node type(s) of interest 

define TechnicalArea(s) of interest 

 

for all records in SurveyResponseDatabase 

 

# Professional-Employer link subroutine 

if employer is associated with TechnicalArea of interest 

if employer in nodes of interest 

for employer create 1-way link 

define survey participant as tail node and partner as head node 

calculate link weight based on defined value 

set link duration based on years of employment 

 

define survey participant as head node and partner as tail node 

set link weight equals to same as calculated above 

set link duration equal to same as above 

 

if link does not exist in LinkDatabase, add link and corresponding link weight 

and link duration 

else update link weight and link duration 

 

# Professional-Professional partner link subroutine 

if professional partner is associated with TechnicalArea of interest 

if professional partner in nodes of interest 

for individual professional partners create 1-way link 

define survey participant as tail node and partner as head node 

calculate link weight based on provided ratings 

set link duration based on years of employment 

 

if link does not exist in LinkDatabase, add link and corresponding link weight 

and link duration 

else update link weight and link duration 

 

for individual professional partner’s employers 
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Network construction pseudo code 

call Professional-Employer link subroutine 

 

# Professional-Organization partner link subroutine 

if organization partner is associated with TechnicalArea of interest 

if organization partner in nodes of interest 

for organization professional partners create 1-way link 

define survey participant as tail node and partner as head node 

calculate link weight based on provided ratings 

set link duration based on years of employment 

 

if link does not exist in LinkDatabase, add link and corresponding link weight 

and link duration 

else update link weight and link duration 

 

# Professional-Membership link subroutine 

if membership is associated with TechnicalArea of interest 

if membership in nodes of interest 

for membership create 1-way link 

define survey participant as tail node and partner as head node 

calculate link weight based on defined value 

set link duration based on years of employment 

 

if link does not exist in LinkDatabase, add link and corresponding link weight 

and link duration 

else update link weight and link duration 

 

# Professional-Software link subroutine 

if software is associated with TechnicalArea of interest 

if software in nodes of interest 

for software create 1-way link 

define survey participant as tail node and partner as head node 

calculate link weight based on skill level 

set link duration based on years of employment 

 

if link does not exist in LinkDatabase, add link and corresponding link weight 

and link duration 

else update link weight and link duration 

 

Recall, nodes (or entities) are defined as individuals or organizations.  Nodes are further 

broken down into attributes consisting of professionals, organizations, membership 

organizations, and software categories.   



 

Page 124 

An edge (or tie) exists if two nodes have been defined to have any form of connection 

(e.g., reference, partnership, collaboration, employment, or other).  These connections are 

directional (e.g., 1-way) and will have a corresponding link weight reflecting the strength of this 

connection.  However, some connections are assumed to be “symbiotic” and are presented with 

two directional links with equivalent weights.  The Table 6.2 below summarizes all considered 

connection types.   

 

Table 6.2  Entity edge types 

Edge type Edge direction 

Participant – Corresponding employer(s) Two 1-way links, equivalent weights 

Referenced individual partner – Corresponding employer(s) Two 1-way links, equivalent weights 

Participant – Referenced individual partner(s) 1-way link 

Participant – Referenced organization partner(s) 1-way link 

Participant – Software(s) 1-way link 

Participant – Professional membership organization(s) 1-way link 

 

As observed from the various nodes and connection types, sub-communities can exist 

within the planning and modeling universe.  With this is mind, filters to include or exclude 

certain nodes (and their corresponding connections) from network construction are incorporated, 

shown in Table 6.3 below.  The purpose for this is to allow for examination of these 

communities independent of the universe and each other.     

 

Table 6.3  Entity filter types 

Entity filter types 

Referenced organization partner(s) 

Software(s) 

Professional membership organization(s) 

Technical areas of expertise (14 fields and “other” fill in the blank option) 

 

Further, connection strengths (or weights) are also incorporated into a filter mechanism 

during the network construction process.  In this case the mechanism determines whether to 

utilize default or calculated values weights for these entity connections.  Default weight values 

are set to 1.0 for all connection types.  Calculated weight values are computed via a linear 

equation that utilizes collected survey responses, explained in section 6.1.2.  The collected 

information applies to referenced partners (individual and organization) and software where a 
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question is asked requiring evaluations from the participant.  This results in three of the six link 

types.  Table 6.4 below summarizes edge default and calculated weights.  Calculated weights for 

edges denoted with “response based” are further explained in the next section.   

 

Table 6.4  Summary of edge weights 

Connection type Default weight Calculated weight 

Participant – Corresponding employer(s) 1.0 20.0 

Referenced individual partner – Corresponding employer(s) 1.0 20.0 

Participant – Referenced individual partner(s) 1.0 Rating based* 

Participant – Referenced organization partner(s) 1.0 Rating based* 

Participant – Software(s) 1.0 Rating based* 

Participant – Professional membership organization(s) 1.0 5.0 

*Linear equation using survey collected information 

 

The results of the network construction process are illustrated in Figure 6.1 and Figure 

6.2.  Figure 6.1 depicts professional nodes in red, organization nodes in green, membership 

organizations in purple, and software nodes in cyan.  In this figures all nodes and links are 

represented with uniform node size and link weight.  Nodes with more connections are located in 

the center of the network, while those with fewer connections are in the peripheries of the 

network.  At this point, nodes acting as bridges (e.g., only connection between two individuals or 

clusters) are becoming more apparent.   

Similarly, Figure 6.2 depicts the same node-link network but in this case node size depict 

respective in-degree (e.g., referenced by other individuals).  This figure aids in identifying those 

nodes that have an important role in this community due to other nodes reliance on them.  The 

largest sized nodes are located in the center of the figure and are mostly represented by software 

and membership organizations.  Although, a few nodes represented by professionals have larger 

sizes, when compared to other nodes.   
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Figure 6.1 Survey records as node-link network 
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Figure 6.2 Survey records as node-link network, node size represents in-degree 
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6.1.1 Temporal network 

In addition to capturing connection strength, the conducted survey also captures time within the 

transportation planning and modeling community.  Capturing time is accomplished by posing 

questions inquiring the number of years of partnership(s), usage, employment, and 

membership(s).  The importance of capturing the time dimension is being able to witness the 

evolution of this community, over a span of more than 50 years, through the entry and exit of 

entities and respective ties (as nodes and links) in the community.   

Figure 6.3, Figure 6.4, and Figure 6.5 below depict all survey declared entities/nodes and 

connections for the year range of 1965 through 2015.  These figures depict the number of nodes, 

edges, and average node degree over time in networks composed solely of professional actors.  

These temporal and dynamic figures capture and reflect nodes entering/leaving the community 

and created/broken connections.  Each series provides these measures associated with the 

specific technical areas of expertise for nodes identified as professionals.  The “all fields” (i.e., 

all technical area) series represents all technical areas of expertise in addition with those whose 

specified technical area of expertise is not specified.  Note that these temporal figures are 

constructed based on historical chronological information provided by the survey participants in 

2014 (year when survey is conducted).  

As observed from the figures, generally the “all fields” (i.e., all technical area) series are 

increasing, signifying an overall growth in this sample population over time.  In terms of node 

numbers (Figure 6.3), the more popular technical areas of expertise are travel demand modeling 

(TDM), travel demand forecasting (TDF), network modeling, research, transportation (general), 

and policy, in that order.  This group is followed by slightly less popular areas:  public 

transportation, land use, highway operations, intelligent transportation systems (ITS), and 

pedestrian and bicycles, in that relative order.  The least popular areas are air quality and 

environment.  Similar trends are followed by the link number figure, Figure 6.4.   

The period from 1965 to 1975 experiences a low number of entities (approx. 24 nodes) 

and ties (approx. 16 ties) which is reflective of the community’s early and nascent years.  From 

the 1975 to 2015 a steady increase in the number of entities, connections, and degree appears in 

this community.  Maximum values for all three measures occur after the 2010 year, with 462 

nodes in 2013, 1,230 ties in 2013, and 5.5 average node degree in 2012.   
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Figure 6.3  Temporal number of professional nodes in networks 

 

 

Figure 6.4  Temporal number of professional node connections in networks 
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Figure 6.5, the average degree figure, has technical area series that are more volatile 

when compared to the node and link number figures.  This is due to the readily gain and loss of 

entity connections with the passage of time.  As a reminder, graph  ’s average degree is the 

summation of all node degrees divided by the number of nodes in set  , see Equation 26 below, 

an indicator of centrality.   

 

Average degree        
          

   

 
 Equation 26 

where, 

          
                                       
           

  
 

 

Professional nodes in travel demand modeling (TDM) and travel demand forecasting (TDF) 

areas have similar average degrees lines, although after 1999 the TDF line overtakes the TDM 

line.   

 

 

Figure 6.5  Professional node’s temporal average connections 
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Other nodes associated with technical areas of expertise are organization nodes.  As a 

reminder, organization nodes are composed of referenced organization partners as well as 

participant employers (current and former) and referenced individual partner’s employers.  

Similarly, Figure 6.6, Figure 6.7, and Figure 6.8 depict all survey declared entities, connections, 

and average degree for the year range from 1965 to 2015 for organization nodes.   

Figure 6.6 depicts organization nodes associated with particular technical areas of 

expertise.  Similar to the professional node results, the more popular technical areas of expertise 

for this group are travel demand modeling (TDM), travel demand forecasting (TDF), network 

modeling, research, and transportation (general).  They are followed by policy, public 

transportation, land use, highway operations, intelligent transportation systems (ITS), pedestrian 

and bicycles, air quality, and environment, in that relative order. 

 

 

Figure 6.6  Temporal number of organization nodes in networks 
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Figure 6.7  Temporal number of organization node connections in networks 

 

 

Figure 6.8  Organization node’s temporal average connections 
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Along the same lines, the temporal use of software tools is documented in Figure 6.9.  

Clearly, macroscopic simulation models (macro) have been the most popular software type in 

this particular sample population since the late 1970s.   

 

 

Figure 6.9  Temporal software type 
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Figure 6.10  Temporal software type 

 

6.1.2 Edge strength calculations 
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Table 6.5  Software connection weight calculation 

Participant – Software(s) Connection Calculation 

Link weight = Software rating Equation 27 

Software Rating Values 

1 = Beginner 2 = Intermediate 

0

5

10

15

20

25

30

35

40

45

50

55

60

1975 1980 1985 1990 1995 2000 2005 2010 2015

C
o

u
n

t

Year

Meso

Micro

ABM

AQ

UTPS

Signals

Statewide

Discrete CM

GIS

HCS

Land use

HCM

Stat. pack

Prog. lang.

Database

Math prog.

Transit

Other



 

Page 135 

3 = Advanced 4 = Expert 

0.5 = Not applicable  

 

The connection weight for survey participants and a referenced individual partner 

(Participant – Referenced individual partner) takes into account number of collaborated projects, 

contact frequency, advice rating, expertise rating, friendship type, and regional influences (local, 

state, multi-state, and national).  Table 6.6 depicts designated values for each question’s 

responses as associated with this connection category. 

 

Table 6.6  Individual partner connection weight calculation 

Participant – Referenced individual partner Connection Calculation 

Link weight = Project collaborations + Contact frequency + Advice value +  

                        Expertise value + Friendship value + Local influence + State influence +  

                        Multi-state influence + National influence 

Equation 28 

Project Collaboration Values 

0 = no reported collaborations 1 = > 0 and <= 10 project collaborations 

2 = > 10 and <= 20 project collaborations 3 = >20 and <= 30 project collaborations 

4 = > 30 and <= 40 project collaborations 5 = > 40 and <= 50 project collaborations 

6 = > 50 project collaborations  

Contact Frequency Values 

1 = Rarely 2 = Annually 

3 = Biannually 4 = Monthly 

5 = Biweekly 6 = Weekly 

7 = Daily 0.5 = Not applicable 

Advice/Expertise Values 

1 = Good 2 = Very Good 

3 = Excellent 0.5 = Not applicable 

Friendship Values 

1 = Professional 2 = Acquaintances 

3 = Casual 4 = Close 

0.5 = Not applicable  

Influence (Local, state, multi-state, and national) 

1 = Slightly 2 = Somewhat 

3 = Very  4 = Extremely 

0.5 = Not applicable  

 

Similarly, connection weight for survey participants and referenced organization partner 

(Participant – Referenced organization partner) takes into account number of collaborated 
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projects, contact frequency, sum of all collaboration types, and technology adoption value (refer 

to Table 6.7 below). 

 

Table 6.7  Organization partner connection weight calculation 

Participant – Referenced organization partner Connection Calculation 

LinkWeight = Project collaborations + Contact frequency  + sum(Collaboration types) + 

                       Technology adoption 

Equation 29 

Project Collaboration Values 

0 = no reported collaborations 1 = > 0 and <= 10 project collaborations 

2 = > 10 and <= 20 project collaborations 3 = >20 and <= 30 project collaborations 

4 = > 30 and <= 40 project collaborations 5 = > 40 and <= 50 project collaborations 

6 = > 50 project collaborations  

Contact Frequency Values 

1 = Rarely 2 = Annually 

3 = Biannually 4 = Monthly 

5 = Biweekly 6 = Weekly 

7 = Daily 0.5 = Not applicable 

Collaboration Type Values 

1 = Online shared documents 1 = Data sharing 

2 = Phone/Online meetings 2 = Feedback on an ad-hoc basis 

2 = Third party setup meetings 2 = Conferences 

3 = Email 4 = Regular correspondence 

4 = Publications 5 = In-person meetings 

Technology Adoption Values  

1= Laggard 2 = Late adopter 

3 = Average adopter 4 = Early adopter 

5 = Innovator 0.5 = Not applicable 

 

6.1.3 Weighted networks 

Traditionally, social networks measures only account for the existence or non-existence of 

connections, disregarding possible bias (e.g., weight, intensity) of particular connections.  Like 

many other social network features analogous to transportation networks, edge weights are just 

as important since they regulate flow (e.g., bias, information) between and among nodes.  As a 

result, in this paper proposed techniques that directly account for connection’s weight are 

incorporated. 

To calculate a node’s betweenness while incorporating calculated edge strengths ( ), a 

variant of Newman’s (Newman 2001) implementation of Dijkstra’s algorithm (Dijkstra 1959) 



 

Page 137 

are applied.  Recall that Dijkstra’s algorithm determines the shortest path by minimizing cost, 

where cost is considered a penalty.  However, in this social network case cost is seen as a 

benefit, not a penalty, hence the use of Newman’s implementation of Dijkstra’s algorithm.  Their 

respective equations are defined below in Equation 30 and Equation 31. 

 

Dijkstra’s algorithm distance 

calculation 

                     

       

    Equation 30 

where, 

A:  set of all links 

     = 1 

     = cost of utilizing link 

    = link with from node i and to node j 

 

 

Newman’s implementation              
 

    
       

    Equation 31 

where, 

A:  set of all links 

     = calculated edge weight 

    = link with from node i and to node j 

 

6.2 Network Analysis Results 

This section presents results obtained from the social network analysis performed on the 

constructed networks, given the collected information and calculations described in the previous 

sections.  Table 6.8 summarizes the components of some of the extracted and analyzed networks.  

Columns 1 and 2 in this table are the network’s defined components.  Columns 3, 4, and 5 are the 

resulting number of nodes, edges, and the year range (spanned by nodes in the network) 

corresponding to the defined field and node information.   

For a better understanding of these networks, fundamental network-level social network 

analysis is conducted on each network and utilizes link weight method (uniform and calculated 

weights).  Network size is better understood by calculating each network’s diameter (longest 

path length), average path length, and number of shortest paths; refer to Table 6.8’s columns 6 
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through 8.  Average degree (columns 9) and average weighted degree (columns 10 and 12) 

explain the network’s general connectivity.  Column 10 accounts for uniform link weights (equal 

to 1.0), while column 12 accounts for calculated link weights (linear calculation).  Community 

structures, which explain dynamics within the network, are captured with the network modularity 

and the number of communities found in the network (columns 11 and 13).  Knowing such 

information will inform on the rate of information dissemination throughout the network and 

who is more likely to be involved in such dissemination.  Table 6.8’s values are calculated using 

the open-source network analysis and visualization software package Gephi (Bastian, Heymann 

et al. 2009).   

Similarly, Table 6.9 highlights betweenness values (as calculated with methods described 

in Equation 30  and Equation 31) of several individuals followed over multiple networks.  

Recall, betweenness measures number of times a node  appears on the shortest path (from all 

nodes to all nodes), in other words “quantifying the control of a human on the communication 

between other humans in a social network” (Freeman 1978).  The top portion of Table 6.9 

summarizes betweenness for networks with uniform weights equaling 1.0 while the bottom 

portion summarizes betweenness for networks with calculated link weights (utilizing Equation 

25 and Equation 27 through Equation 29).   

Overall, entities in larger networks (in terms of total number of shortest paths, column 3) 

have higher betweenness values while smaller networks have lower betweenness values.  This is 

observed as read, from top to bottom, the uniform and calculated sections in Table 6.9.  

However, this is not always the case, as seen with Entity 1.  Entity 1’s betweenness decreases to 

0 after Organization entities are filtered.  Additional analysis of the results find Entity 1 is not a 

survey participant but is mentioned by multiple survey participants, placing it at the start of 856 

shortest paths and tail end of 568 shortest paths in the all fields and all nodes network.   

Further, betweenness values for a network with uniform link weight are generally lower 

than when compared to calculated link weight betweenness values.  This is now due to the links 

having different weights, as opposed to all having the same weight of 1.0, reducing the number 

of different shortest paths between starting and ending nodes.  This leads to the concentration of 

shortest paths along fewer paths, hence increasing the betweenness of the nodes on these paths. 
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Table 6.8  Summary of social networks and network-level social networks analysis (SNA) results 

Network Definition Network Size 
SNA Measures 

General Link weight
5
: Uniform Link weight

5
: Calculated 

Technical 

Area
1
 

Node Types
2
 

All 

Nodes 

All 

Edges 

Year 

Range 

Network 

Diameter
3
 

Avg. 

Degree 

Avg. 

Weighted 

Degree
6
 

Avg. 

Path 

Length
4
 

Total 

Shortest 

Paths 
Modularity

7
 

Avg. 

Weighted 

Degree
6
 

Avg. 

Path 

Length
4
 

Total 

Shortest 

Paths 
Modularity

7
 

All fields All nodes 561 1643 
1961-

2014 
14 2.929 2.93 6.47 267,004 0.51 (16) 43.29 5.77 164,718 0.666 (14) 

All fields 

Professionals 

+ 

Organizations 

477 1183 
1963-
2014 

14 2.485 2.49 6.56 221,492 0.679 (15) 48.05 6.3 137,106 0.706 (14) 

All fields 
Professionals 
+ Software 

300 553 
1966-
2014 

5 1.843 1.84 1.64 892 0.526 (15) 22.25 3.19 868 0.734 (20) 

All fields 

Professionals 

+ Membership 
Organizations 

247 473 
1961-

2014 
5 1.915 1.92 1.63 655 0.498 (13) 26.97 2 638 0.717 (22) 

All fields Professionals 229 278 
1966-

2014 
5 1.214 1.21 1.73 461 0.735 (26) 25.96 1.74 450 0.788 (27) 

Travel demand 

forecasting 
Professionals 154 168 

1966-

2014 
3 1.091 1.09 1.51 220 0.711 (29) 21.68 1.54 220 0.785 (30) 

Network 
modeling 

Professionals 146 150 
1966-
2014 

3 1.027 1.03 1.37 163 0.700 (31) 19.82 1.39 163 0.764 (30) 

Public 
transportation 

Professionals 87 56 
1973-
2014 

2 0.644 0.64 1.23 70 0.898 (33) 15.03 1.30 70 0.898 (33) 

Intelligent 
transportation 

systems (ITS) 

Professionals 66 41 
1973-

2014 
2 0.621 0.62 1.05 41 0.802 (27) 15.28 1.09 41 0.796 (27) 

Travel demand 

modeling 
Professionals 146 153 

1966-

2014 
4 1.048 1.05 1.60 269 0.763 (27) 25.92 1.59 261 0.752 (31) 

Research Professionals 134 126 
1966-

2014 
2 0.94 0.94 1.18 108 0.746 (28) 17.69 1.20 108 0.844 (29) 

Traffic 
Management 

Professionals 76 47 
1973-
2014 

2 0.618 0.62 1.10 51 0.878 (30) 15.92 1.10 51 0.862 (30) 

Land use Professionals 75 37 
1966-
2014 

1 0.493 0.49 1.00 36 0.935 (38) 11.43 1.04 36 0.936 (38) 

Policy Professionals 104 73 
1966-

2014 
2 0.702 0.70 1.13 83 0.939 (31) 17.40 1.17 83 0.937 (31) 

Transportation 
(general) 

Professionals 126 104 
1966-
2014 

4 0.825 0.83 1.19 84 0.730 (37) 14.22 1.27 84 0.871 (36) 

Highway 

operations 
Professionals 76 52 

1966-

2014 
2 0.684 0.684 1.12 59 0.856 (27) 17.72 1.12 59 0.843 (27) 

Pedestrian and 

bicycles 
Professionals 63 33 

1974-

2014 
2 0.524 0.52 1.03 33 0.927 (30) 13.77 1.08 33 0.919 (30) 
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Network Definition Network Size 
SNA Measures 

General Link weight
5
: Uniform Link weight

5
: Calculated 

Technical 

Area
1
 

Node Types
2
 

All 

Nodes 

All 

Edges 

Year 

Range 

Network 

Diameter
3
 

Avg. 

Degree 

Avg. 

Weighted 

Degree
6
 

Avg. 

Path 

Length
4
 

Total 

Shortest 

Paths 
Modularity

7
 

Avg. 

Weighted 

Degree
6
 

Avg. 

Path 

Length
4
 

Total 

Shortest 

Paths 
Modularity

7
 

Environment Professionals 38 11 
1974-

2014 
1 0.289 0.29 1.00 10 0.876 (27) 6.16 1.11 10 0.860 (27) 

Air quality Professionals 42 15 
1974-

2014 
2 0.357 0.36 1.07 15 0.889 (27) 7.82 1.19 15 0.881 (27) 

1 Technical Area:  14 provided technical fields and an “other” fill in the blank option 
2 Node types:  Professional, organization, software, and membership organization 
3 Longest path distance between any two nodes in the network

 

4 Average graph distance between all pairs of nodes
 

5 Link weights:  uniform (1.0) or calculated (linear calculation)
 

6 Calculated link weights are used
 

7 Number of communities, detects communities within the network (uses edge weights).  Range is [-1, 1] measuring edge density inside communities as compared to links between communities
 

 

 

Table 6.9  Entity’s betweenness for uniform and calculated link weights 

Uniform Link Weights = 1.0 

Network Definition Network Statistics Betweenness Centrality 

Technical Area
1 Node Types

2 Total SP 
Avg. Link 

Weight 
Max. Entity 1 Entity 2 Entity 3 Entity 4 Entity 5 Entity 6 

All fields All nodes 267,004 1 30,261 5,755.00 19,300.26 5,156.14 12,729.57 15,994.37 12,710.79 

All fields 
Professionals + 

Organizations 
221,492 1 26,042 4,940.86 16,572.85 4,007.74 10,087.08 13,168.45 11,008.74 

All fields 
Professionals + 

Software 
892 1 72 0 23.75 36.75 28.25 67 7 

All fields 

Professionals + 

Membership 

Organizations 

655 1 57 0 25.5 31.5 21.5 56 3 

All fields Professionals 461 1 52 0 16.5 22.5 17.5 40 3 

Travel demand forecasting  Professionals 220 1 21 0 5 9 12 9 1 

Network modeling  Professionals 163 1 12 0 5 9 2 1 2 

Public transportation  Professionals 70 1 6 0 2 N/A 0 0 0 

Intelligent transportation 

systems (ITS) 
Professionals 41 1 1 0 N/A 0 0 1 1 

Travel demand modeling Professionals 269 1 30 0 2 0 17 15 2 

Research Professionals 108 1 11 0 7 0 0 0 0 

Traffic Management Professionals 51 1 4 0 N/A N/A 0 N/A 0 
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Land use Professionals 36 1 0 0 0 0 0 0 0 

Policy Professionals 83 1 4 0 2 0 1 0 N/A 

Transportation (general) Professionals 84 1 41 0 6 0 41 0 N/A 

Pedestrian and bicycles Professionals 33 1 1 0 1 N/A 0 0 0 

Environment Professionals 10 1 0 N/A N/A N/A N/A N/A 0 

Air quality Professionals 15 1 0 N/A N/A N/A N/A N/A N/A 

Calculated Link Weights 

Network Definition Network Statistics Betweenness Centrality 

Technical Area
1 Node Types

2 Total SP 
Avg. Link 

Weight 
Max. Entity 1 Entity 2 Entity 3 Entity 4 Entity 5 Entity 6 

All fields All nodes 164,718 16.44 28,604 6,523.50 20,591.80 6,201.00 13,505.25 20,053.13 12,284.50 

All fields 
Professionals + 

Organizations 
137,106 20.86 24,375 5,484.00 17,813.00 5,091.67 10,495.58 16,492.55 10,673.00 

All fields 
Professionals + 

Software 
868 13.35 91 0 26 40 28 70 7 

All fields 

Professionals + 

Membership 

Organizations 

638 17.91 58 0 27 32 20 56 3 

All fields Professionals 450 24.97 52 0 17 23 17 40 3 

Travel demand forecasting  Professionals 220 25.60 21 0 5 9 12 9 1 

Network modeling  Professionals 163 25.74 12 0 5 9 2 1 2 

Public transportation  Professionals 70 24.18 6 N/A 2 N/A 0 0 0 

Intelligent transportation 

systems (ITS) 
Professionals 41 24.97 1 0 N/A 0 0 1 1 

Travel demand modeling Professionals 261 25.55 30 0 2 0 17 15 2 

Research Professionals 108 26.21 8 0 4 0 0 N/A 0 

Traffic Management Professionals 51 26.28 4 0 N/A N/A 0 N/A 0 

Land use Professionals 36 23.78 0 N/A N/A 0 N/A N/A N/A 

Policy Professionals 83 25.13 4 0 2 0 1 0 N/A 

Transportation (general) Professionals 84 25.82 4 0 4 0 4 0 N/A 

Pedestrian and bicycles Professionals 33 27.12 1 0 1 N/A 0 0 0 

Environment Professionals 10 24.20 0 N/A N/A N/A N/A N/A 0 

Air quality Professionals 15 24.04 1 N/A N/A N/A N/A N/A N/A 
1 Technical Area:  14 provided technical fields and an “other” fill in the blank option 
2 Node types:  Professional, organization, software, and membership organization 
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Relative importance of the network represented by all fields and all node types is 

compiled in Figure 6.11(a) through Figure 6.11(d).  This figure compiles betweenness centrality, 

closeness centrality, eccentricity, and eigenvector centrality versus the node degree.  The general 

observation of this figure is that higher degree nodes have higher betweenness and eigenvector 

centrality due to the ability to in less degree-of-separation reach other nodes due to their many 

neighbors.  Low degree nodes have varying closeness and eccentricity.  Recall, betweenness 

centrality inform of a node’s influence on the spread of information since it measures how often 

it appears on shortest paths between nodes in the network.  Eigenvector centrality inform of a 

node’s influence based on connection where nodes with high degree (or other score) contribute 

more to influence when compared to equal connections to low-scoring nodes.  Closeness 

centrality is the inverse measure of farness, in terms of shortest path distances, between all pairs 

of nodes.  Eccentricity measures the greatest shortest-path distance between a node and any other 

node in the network.   

 

  

(a)  (b)  

  

(c)  (d)  

Figure 6.11  All fields and all node types centrality measures vs. degree 
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(a)  (b)  

  

(c)  (d)  

 
(e)  

Figure 6.12  All fields and professional nodes centrality measures vs. degree 

 

6.3 Dynamic Network 

Figure 6.14 below highlights in-degree values of several randomly selected individuals (or 

entities) followed over multiple networks and over multiple years.  Here, in-degree represents the 

links (or connections) mentioning this individual.  Following such individuals allows for 

discerning their possible impact over time within a specific network.  The higher the in-degree 



 

Page 144 

the more times other entities have mentioned that person as a partner.  As observed, some entities 

have different impacts on each of the defined technical area of expertise network.   

Figure 6.13 illustrates the temporal in-degree figure for 29 professional nodes (entities) in 

a network depicting all technical fields of expertise.   

 

 

Figure 6.13  In degree for 29 professional entities 
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Figure 6.14  In degree for six professional entities over different networks 
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Similarly, an entity’s Katz centrality value is recorded throughout time in each defined 

technical area of expertise network in Figure 6.16 below.  Recall, Katz centrality measures an 

entity’s influence in the social network by taking into account its immediate neighbors in 

addition to other entities connected to the entity in consideration through these immediate 

neighbors, and is closely related to Eigenvector centrality.    

Figure 6.15 illustrates the temporal Katz centrality measure for 29 professional nodes 

(entities) in a network depicting all technical fields of expertise.  Appreciable in this figure is the 

variable influence a node (or entity) has in the network.   

 

 

Figure 6.15  Katz centrality for 29 professional entities 
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Figure 6.16  Katz centrality for six individuals over different networks 
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6.4 Edge Prediction and Validation 

As mentioned in the literature review, edge validation consists of two main approaches.  The first 

approach employs a node’s attributes to make such validation while the second employs network 

properties surrounding the node (e.g., node’s connections) (Murata and Moriyasu 2007).  Since 

the dissertation survey’s collected data mainly focuses on network extraction/construction and 

less on node’s attributes the second approach is concluded as the most appropriate for edge 

validations of this dataset.  Further, edge weights have been calculated and are available for edge 

validation through implementation of what are called weighted graph proximity measures 

(Liben-Nowell and Kleinberg 2003).  

6.4.1 Approach 

The standard algorithmic procedure for edge/link validation begins by separating the social 

network (SN) into two categories, training and testing social networks.  As the name suggests, 

the training SN dataset is utilized for link validation of links in the testing SN dataset.  To 

segment these datasets a defined time is identified, where the testing dataset will span time 

interval       
  , the training dataset will span time interval       

  , and where      
       

 .  

The validation algorithm will then have access to the training network graph        
   and will 

predict links in testing network        
  .  Note, edge validations will only be possible if nodes 

exist in the training network graph, otherwise the algorithm is not sensible to seek “unknown” 

nodes and their corresponding connections.  For a visual depiction of these descriptions refer to 

Figure 6.17 below.   

 

Figure 6.17  Edge validation approach 
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Connection weight            (or graph proximity) for each pair of nodes       is 

calculated based on the input graph  . In this case the input graph is defined as the training 

network.  Predicted edges are selected based on the decreasing order of the calculated graph 

proximity or score (refer to Table 2.2 and Table 6.10).  Edge validation accuracies are 

determined by comparing the number of correctly predicted links with those actually appearing 

in the testing interval.   

Table 6.10 depicts the various edge validation methods implemented for edge validation 

in this study.  Some of the original equations (refer to Table 2.2) have been modified to make 

best use of the graph weight data, calculated network measures, and for identifying the best 

validation method for this particular dataset.  As is the case with the Katz coefficient, it is 

modified to only consider the calculated shortest paths and its corresponding length instead of 

the collection of all identified paths.  Note, the original equations are italicized and highlighted in 

gray (Equation 32, Equation 35, and Equation 38).   

 

Table 6.10  Implemented edge validation methods for score(x,y) calculation 

Validation method Mathematical equation  

Path based 

Distance  

(uniform weight) 
        

where unweighted distance:= degree of separation or sum of 

links from   to   

        1 iff x and y connection exists, 0 otherwise 

Equation 32 

Distance  

(calculated weight) 
        

where weighted distance:= sum of link weights from  to   

        link weight   iff x and y connection exists, 0 

otherwise 

Equation 33 

Katz coefficient  

(modified) 
           

      

where        
      shortest path of length   from   to   

Equation 34 

Node neighborhood based 

Common neighbors 

(count based) 

            

where set       are neighbors of the node   in   

Equation 35 

Common neighbors  

(degree based) 
   

           

 

where             

Equation 36 
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Validation method Mathematical equation  

set       are neighbors of the node   in   

   = node z’s degree 

Common neighbors  

(Katz centrality based) 
   

           

 

where             

set       are neighbors of the node   in   

   = node z’s Katz centrality 

Equation 37 

Barabasi-Albert (BA)  

model  

(degree based) 

   
  

      
 

where             

set       are neighbors of the node   in   

   = node z’s degree 

Equation 38 

Barabasi-Albert (BA)  

model  

(Katz centrality) 

   
  

      
 

where             

set       are neighbors of the node   in   

   = node z’s Katz centrality 

Equation 39 

Jaccard’s coefficient 

(count based) 

           

           
 

Equation 40 

Jaccard’s coefficient  

(degree based) 

   

   
 

where             

            

set       are neighbors of the node   in   

   = node z’s degree 

Equation 41 

Jaccard’s coefficient  

(Katz centrality based) 

   

   
 

where             

            

set       are neighbors of the node   in   

   = node z’s Katz centrality 

Equation 42 

 

6.4.2 Validation results 

To implement edge validation, a social network created utilizing professional nodes only along 

with all professional technical areas of expertise is considered.  Referencing a summary of the 

temporal nodes and edges for the defined SN, the segmentation years are defined as 2005, 2008, 

and 2011.  Table 6.11 and Table 6.13 below summarize the created training and testing networks 
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from such year definition.  The changes in the number of edges in training and testing periods 

used in the validation algorithm are appreciable from these tables.  

 

Table 6.11  Training and testing network summaries, cutoff year 2005, professional nodes 

Professional nodes  Training period Testing period Total 

Field Nodes Connections Connections Connections 

All fields 227 123 155 278 

Travel demand forecasting  145 77 91 168 

Network modeling  137 56 94 150 

Public transportation  78 30 26 56 

Intelligent transportation systems (ITS) 53 12 29 41 

Travel demand modeling 139 89 64 153 

Research 123 42 84 126 

Traffic Management 66 16 31 47 

Land use 58 16 21 37 

Policy 96 33 40 73 

Transportation (general) 108 24 80 104 

Pedestrian and bicycles 52 10 23 33 

Environment 20 6 5 11 

Air quality 26 6 9 15 

 

Table 6.12  Training and testing network summaries, cutoff year 2008, professional nodes 

Professional nodes  Training period Testing period Total 

Field Nodes Connections Connections Connections 

All fields 227 168 110 278 

Travel demand forecasting  145 99 69 168 

Network modeling  137 76 74 150 

Public transportation  78 39 17 56 

Intelligent transportation systems (ITS) 53 27 14 41 

Travel demand modeling 139 114 39 153 

Research 123 56 70 126 

Traffic Management 66 32 15 47 

Land use 58 25 12 37 

Policy 96 46 27 73 

Transportation (general) 108 41 63 104 

Pedestrian and bicycles 52 18 15 33 

Environment 20 8 3 11 

Air quality 26 10 5 15 

 

Table 6.13  Training and testing network summaries, cutoff year 2011, professional nodes 
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Professional nodes  Training period Testing period Total 

Field Nodes Connections Connections Connections 

All fields 227 220 58 278 

Travel demand forecasting  145 121 47 168 

Network modeling  137 101 49 150 

Public transportation  78 50 6 56 

Intelligent transportation systems (ITS) 53 37 4 41 

Travel demand modeling 139 140 13 153 

Research 123 78 48 126 

Traffic Management 66 40 7 47 

Land use 58 33 4 37 

Policy 96 64 9 73 

Transportation (general) 108 60 44 104 

Pedestrian and bicycles 52 29 4 33 

Environment 20 9 2 11 

Air quality 26 12 3 15 

 

To determine the prediction algorithm’s accuracy (or validation) the number of correctly 

predicted edges (those in the testing period edge set) are divided by the number of links in the 

testing edge set.  The following tables (Table 6.14 through Table 6.16) depict the testing edge set 

and the algorithm’s total predicted edges, validation hits (correct), and the calculated success rate 

for all predicted links for cutoff year 2005, 2008, and 2011 utilizing common neighbors, Jaccard, 

and Barabasi-Albert models.  In these tables hit validation is solely based on whether the edge 

appeared in the predicted dataset, i.e., validation probabilities are not considered.  Notice success 

rate entries are grayed and italicized if the success rate is greater than 20 percent.  In general, the 

algorithm’s success rate is higher when the training edge set is greater, which lead to more 

validations and more chances of a correct validation. 

 

Table 6.14  Validation algorithm statistics, cutoff year 2005, professional nodes 

  Model 

Field Measure 

Common Neighbors 

(count based) 

Jaccard 

(count based) 

Barabasi-Albert 

(degree based) 

All fields 

testing edges 155 155 155 

total predicted 71 71 368 

validation hit 34 34 82 

success rate (%) 21.94 21.94 52.90 

Travel demand 

forecasting 

testing edges 91 91 91 

total predicted 34 34 190 
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  Model 

Field Measure 

Common Neighbors 

(count based) 

Jaccard 

(count based) 

Barabasi-Albert 

(degree based) 

validation hit 23 23 54 

success rate (%) 25.27 25.27 59.34 

Network 

modeling 

testing edges 94 94 94 

total predicted 32 32 162 

validation hit 20 20 58 

success rate (%) 21.28 21.28 61.70 

Public 

transportation 

testing edges 26 26 26 

total predicted 6 6 16 

validation hit 6 6 0 

success rate (%) 23.08 23.08 0.00 

Intelligent 

transportation 

systems (ITS) 

testing edges 29 29 29 

total predicted 1 1 4 

validation hit 1 1 2 

success rate (%) 3.45 3.45 6.90 

Travel demand 

modeling 

testing edges 64 64 64 

total predicted 27 27 134 

validation hit 17 17 20 

success rate (%) 26.56 26.56 31.25 

Research 

testing edges 84 84 84 

total predicted 10 10 44 

validation hit 10 10 11 

success rate (%) 11.90 11.90 13.10 

Traffic 

Management 

testing edges 31 31 31 

total predicted 1 1 9 

validation hit 1 1 4 

success rate (%) 3.23 3.23 12.90 

Land Use 

testing edges 21 21 21 

total predicted 0 0 0 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Policy 

testing edges 40 40 40 

total predicted 5 5 14 

validation hit 5 5 3 

success rate (%) 12.50 12.50 7.50 

Transportation 

(general) 

testing edges 80 80 80 

total predicted 14 14 109 

validation hit 10 10 47 

success rate (%) 12.50 12.50 58.75 
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  Model 

Field Measure 

Common Neighbors 

(count based) 

Jaccard 

(count based) 

Barabasi-Albert 

(degree based) 

Pedestrian and 

bike 

testing edges 23 23 23 

total predicted 1 1 1 

validation hit 1 1 0 

success rate (%) 4.35 4.35 0.00 

Environment 

testing edges 5 5 5 

total predicted 0 0 0 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Air quality 

testing edges 9 9 9 

total predicted 1 1 2 

validation hit 1 1 1 

success rate (%) 11.11 11.11 11.11 

 

 

Table 6.15  Validation algorithm statistics, cutoff year 2008, professional nodes 

  Model 

Field Measure 
Common Neighbors 

(count based) 

Jaccard 

(count based) 

Barabasi-Albert 

(degree based) 

All fields 

testing edges 110 110 110 

total predicted 64 64 349 

validation hit 27 27 63 

success rate (%) 24.55 24.55 57.27 

Travel demand 

forecasting  

testing edges 69 69 69 

total predicted 30 30 182 

validation hit 19 19 46 

success rate (%) 27.54 27.54 66.67 

Network 

modeling  

testing edges 74 74 74 

total predicted 29 29 156 

validation hit 17 17 52 

success rate (%) 22.97 22.97 70.27 

Public 

transportation  

testing edges 17 17 17 

total predicted 3 3 16 

validation hit 3 3 0 

success rate (%) 17.65 17.65 0.00 

Intelligent 

transportation 

systems (ITS) 

testing edges 14 14 14 

total predicted 1 1 3 

validation hit 1 1 1 

success rate (%) 7.14 7.14 7.14 
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  Model 

Field Measure 
Common Neighbors 

(count based) 

Jaccard 

(count based) 

Barabasi-Albert 

(degree based) 

Travel demand 

modeling 

testing edges 39 39 39 

total predicted 22 22 126 

validation hit 12 12 12 

success rate (%) 30.77 30.77 30.77 

Research 

testing edges 70 70 70 

total predicted 9 9 44 

validation hit 9 9 11 

success rate (%) 12.86 12.86 15.71 

Traffic 

Management 

testing edges 15 15 15 

total predicted 0 0 7 

validation hit 0 0 2 

success rate (%) 0.00 0.00 13.33 

Land Use 

testing edges 12 12 12 

total predicted 0 0 0 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Policy 

testing edges 27 27 27 

total predicted 4 4 13 

validation hit 4 4 2 

success rate (%) 14.81 14.81 7.41 

Transportation 

(general) 

testing edges 63 63 63 

total predicted 11 11 106 

validation hit 7 7 44 

success rate (%) 11.11 11.11 69.84 

Pedestrian and 

bike 

testing edges 15 15 15 

total predicted 1 1 1 

validation hit 1 1 0 

success rate (%) 6.67 6.67 0.00 

Environment 

testing edges 3 3 3 

total predicted 0 0 0 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Air quality 

testing edges 5 5 5 

total predicted 0 0 1 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 
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Table 6.16  Validation algorithm statistics, cutoff year 2011, professional nodes 

  

Model 

Field Measure 

Common Neighbors 

(count based) 

Jaccard 

(count based) 

Barabasi-Albert 

(degree based) 

All fields 

testing edges 58 58 58 

total predicted 53 53 328 

validation hit 16 16 42 

success rate (%) 27.59 27.59 72.41 

Travel demand 

forecasting  

testing edges 47 47 47 

total predicted 24 24 172 

validation hit 13 13 36 

success rate (%) 27.66 27.66 76.60 

Network 

modeling  

testing edges 49 49 49 

total predicted 25 25 144 

validation hit 13 13 40 

success rate (%) 26.53 26.53 81.63 

Public 

transportation  

testing edges 6 6 6 

total predicted 1 1 16 

validation hit 1 1 0 

success rate (%) 16.67 16.67 0.00 

Intelligent 

transportation 

systems (ITS) 

testing edges 4 4 4 

total predicted 0 0 2 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Travel demand 

modeling 

testing edges 13 13 13 

total predicted 14 14 115 

validation hit 4 4 1 

success rate (%) 30.77 30.77 7.69 

Research 

testing edges 48 48 48 

total predicted 7 7 39 

validation hit 7 7 6 

success rate (%) 14.58 14.58 12.50 

Traffic 

Management 

testing edges 7 7 7 

total predicted 0 0 7 

validation hit 0 0 2 

success rate (%) 0.00 0.00 28.57 

Land Use testing edges 4 4 4 
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Model 

Field Measure 

Common Neighbors 

(count based) 

Jaccard 

(count based) 

Barabasi-Albert 

(degree based) 

total predicted 0 0 0 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Policy 

testing edges 9 9 9 

total predicted 3 3 11 

validation hit 3 3 0 

success rate (%) 33.33 33.33 0.00 

Transportation 

(general) 

testing edges 44 44 44 

total predicted 9 9 100 

validation hit 5 5 38 

success rate (%) 11.36 11.36 86.36 

Pedestrian and 

bike 

testing edges 4 4 4 

total predicted 0 0 1 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Environment 

testing edges 2 2 2 

total predicted 0 0 0 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

Air quality 

testing edges 3 3 3 

total predicted 0 0 1 

validation hit 0 0 0 

success rate (%) 0.00 0.00 0.00 

 

Similarly, the following tables summarize the prediction algorithm’s accuracy, however 

in this case an edge’s score (or probability of prediction) is considered and is calculated by the 

equations in Table 6.10.  All predicted edges whose score is greater than or equal 40% are 

identified in the third row for every field (labeled “pred. > prob. %age”).  Further, predicted 

edges found to be in the testing period and whose score is ≥ 40% are identified in the fifth row 

(labeled “hit pred., > prob. %age”).   

 



 

Page 158 

Table 6.17  Validation algorithm statistics, cutoff year 2005, probability of validation ≥ 40%, professional nodes 

  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

All fields 

testing edges 155 155 155 155 155 155 155 155 

total predicted 71 71 71 71 71 71 368 368 

pred. > prob. %age 71 71 51 28 71 71 58 46 

success rate (%) 45.81 45.81 32.90 18.06 45.81 45.81 37.42 29.68 

hit pred., > prob. %age 34 34 24 17 34 34 26 32 

success rate (%) 21.94 21.94 15.48 10.97 21.94 21.94 16.77 20.65 

Travel demand 

forecasting  

testing edges 91 91 91 91 91 91 91 91 

total predicted 34 34 34 34 34 34 190 190 

pred. > prob. %age 34 34 22 11 34 34 50 30 

success rate (%) 37.36 37.36 24.18 12.09 37.36 37.36 54.95 32.97 

hit pred., > prob. %age 23 23 15 10 23 23 23 25 

success rate (%) 25.27 25.27 16.48 10.99 25.27 25.27 25.27 27.47 

Network 

modeling  

testing edges 94 94 94 94 94 94 94 94 

total predicted 32 32 32 32 32 32 162 162 

pred. > prob. %age 32 32 20 10 32 32 61 36 

success rate (%) 34.04 34.04 21.28 10.64 34.04 34.04 64.89 38.30 

hit pred., > prob. %age 20 20 12 9 20 20 27 30 

success rate (%) 21.28 21.28 12.77 9.57 21.28 21.28 28.72 31.91 

Public 

transportation  

testing edges 26 26 26 26 26 26 26 26 

total predicted 6 6 6 6 6 6 16 16 

pred. > prob. %age 6 6 6 5 6 6 7 1 

success rate (%) 23.08 23.08 23.08 19.23 23.08 23.08 26.92 3.85 

hit pred., > prob. %age 6 6 6 5 6 6 0 0 

success rate (%) 23.08 23.08 23.08 19.23 23.08 23.08 0.00 0.00 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

Intelligent 

transportation 

systems (ITS) 

testing edges 29 29 29 29 29 29 29 29 

total predicted 1 1 1 1 1 1 4 4 

pred. > prob. %age 0 1 1 1 1 1 0 1 

success rate (%) 0.00 3.45 3.45 3.45 3.45 3.45 0.00 3.45 

hit pred., > prob. %age 0 1 1 1 1 1 0 0 

success rate (%) 0.00 3.45 3.45 3.45 3.45 3.45 0.00 0.00 

Travel demand 

modeling 

testing edges 64 64 64 64 64 64 64 64 

total predicted 27 27 27 27 27 27 134 134 

pred. > prob. %age 27 27 17 16 27 27 11 14 

success rate (%) 42.19 42.19 26.56 25.00 42.19 42.19 17.19 21.88 

hit pred., > prob. %age 17 17 12 14 17 17 4 5 

success rate (%) 26.56 26.56 18.75 21.88 26.56 26.56 6.25 7.81 

Research 

testing edges 84 84 84 84 84 84 84 84 

total predicted 10 10 10 10 10 10 44 44 

pred. > prob. %age 10 10 7 2 10 10 9 4 

success rate (%) 11.90 11.90 8.33 2.38 11.90 11.90 10.71 4.76 

hit pred., > prob. %age 10 10 7 2 10 10 3 1 

success rate (%) 11.90 11.90 8.33 2.38 11.90 11.90 3.57 1.19 

Traffic 

Management 

testing edges 31 31 31 31 31 31 31 91 

total predicted 1 1 1 1 1 1 9 9 

pred. > prob. %age 1 1 1 1 1 1 8 5 

success rate (%) 3.23 3.23 3.23 3.23 3.23 3.23 25.81 5.49 

hit pred., > prob. %age 1 1 1 1 1 1 4 4 

success rate (%) 3.23 3.23 3.23 3.23 3.23 3.23 12.90 4.40 

Land Use testing edges 21 21 21 21 21 21 21 21 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

total predicted 0 0 0 0 0 0 0 0 

pred. > prob. %age 0 0 0 0 0 0 0 0 

success rate (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Policy 

testing edges 40 40 40 40 40 40 40 40 

total predicted 5 5 5 5 5 5 14 14 

pred. > prob. %age 5 5 2 2 5 5 10 5 

success rate (%) 12.50 12.50 5.00 5.00 12.50 12.50 25.00 12.50 

hit pred., > prob. %age 5 5 2 2 5 5 3 1 

success rate (%) 12.50 12.50 5.00 5.00 12.50 12.50 7.50 2.50 

Transportation 

(general) 

testing edges 80 80 80 80 80 80 80 80 

total predicted 14 14 14 14 14 14 109 109 

pred. > prob. %age 14 14 6 6 14 14 65 40 

success rate (%) 17.50 17.50 7.50 7.50 17.50 17.50 81.25 50.00 

hit pred., > prob. %age 10 10 5 6 10 10 32 33 

success rate (%) 12.50 12.50 6.25 7.50 12.50 12.50 40.00 41.25 

Pedestrian and 

bike 

testing edges 23 23 23 23 23 23 23 23 

total predicted 1 1 1 1 1 1 1 1 

pred. > prob. %age 1 1 1 1 1 1 1 0 

success rate (%) 4.35 4.35 4.35 4.35 4.35 4.35 4.35 0.00 

hit pred., > prob. %age 1 1 1 1 1 1 0 0 

success rate (%) 4.35 4.35 4.35 4.35 4.35 4.35 0.00 0.00 

Environment 
testing edges 5 5 5 5 5 5 5 5 

total predicted 0 0 0 0 0 0 0 0 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

pred. > prob. %age 0 0 0 0 0 0 0 0 

success rate (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Air quality 

testing edges 9 9 9 9 9 9 9 9 

total predicted 1 1 1 1 1 1 2 2 

pred. > prob. %age 1 1 0 1 1 1 2 1 

success rate (%) 11.11 11.11 0.00 11.11 11.11 11.11 22.22 11.11 

hit pred., > prob. %age 1 1 0 1 1 1 1 1 

success rate (%) 11.11 11.11 0.00 11.11 11.11 11.11 11.11 11.11 

 

 

Table 6.18  Validation algorithm statistics, cutoff year 2008, probability of validation ≥ 40%, professional nodes 

  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

All fields 

testing edges 110 110 110 110 110 110 110 110 

total predicted 64 64 64 64 64 64 349 349 

pred. > prob. %age 64 64 49 22 64 64 52 38 

success rate (%)  58.18 58.18 44.55 20.00 58.18 58.18 47.27 34.55 

hit pred., > prob. %age 27 27 20 11 27 27 20 23 

success rate (%)  24.55 24.55 18.18 10.00 24.55 24.55 18.18 20.91 

Travel demand testing edges 69 69 69 69 69 69 69 69 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

forecasting  total predicted 30 30 30 30 30 30 182 182 

pred. > prob. %age 30 30 20 7 30 30 46 31 

success rate (%)  43.48 43.48 28.99 10.14 43.48 43.48 66.67 44.93 

hit pred., > prob. %age 19 19 13 6 19 19 19 24 

success rate (%)  27.54 27.54 18.84 8.70 27.54 27.54 27.54 34.78 

Network 

modeling  

testing edges 74 74 74 74 74 74 74 74 

total predicted 29 29 29 29 29 29 156 156 

pred. > prob. %age 29 29 19 7 29 29 58 32 

success rate (%)  39.19 39.19 25.68 9.46 39.19 39.19 78.38 43.24 

hit pred., > prob. %age 17 17 11 6 17 17 24 26 

success rate (%)  22.97 22.97 14.86 8.11 22.97 22.97 32.43 35.14 

Public 

transportation  

testing edges 17 17 17 17 17 17 17 17 

total predicted 3 3 3 3 3 3 16 16 

pred. > prob. %age 3 3 3 2 3 3 7 1 

success rate (%)  17.65 17.65 17.65 11.76 17.65 17.65 41.18 5.88 

hit pred., > prob. %age 3 3 3 2 3 3 0 0 

success rate (%)  17.65 17.65 17.65 11.76 17.65 17.65 0.00 0.00 

Intelligent 

transportation 

systems (ITS) 

testing edges 14 14 14 14 14 14 14 14 

total predicted 1 1 1 1 1 1 3 3 

pred. > prob. %age 0 1 1 1 1 1 0 0 

success rate (%)  0.00 7.14 7.14 7.14 7.14 7.14 0.00 0.00 

hit pred., > prob. %age 0 1 1 1 1 1 0 0 

success rate (%)  0.00 7.14 7.14 7.14 7.14 7.14 0.00 0.00 

Travel demand 

modeling 

testing edges 39 39 39 39 39 39 39 39 

total predicted 22 22 22 22 22 22 126 126 

pred. > prob. %age 22 22 14 11 22 22 8 8 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

success rate (%)  56.41 56.41 35.90 28.21 56.41 56.41 20.51 20.51 

hit pred., > prob. %age 12 12 9 9 12 12 1 1 

success rate (%)  30.77 30.77 23.08 23.08 30.77 30.77 2.56 2.56 

Research 

testing edges 70 70 70 70 70 70 70 70 

total predicted 9 9 9 9 9 9 44 44 

pred. > prob. %age 9 9 7 1 9 9 9 4 

success rate (%)  12.86 12.86 10.00 1.43 12.86 12.86 12.86 5.71 

hit pred., > prob. %age 9 9 7 1 9 9 3 1 

success rate (%)  12.86 12.86 10.00 1.43 12.86 12.86 4.29 1.43 

Traffic 

Management 

testing edges 15 15 15 15 15 15 15 15 

total predicted 0 0 0 0 0 0 7 7 

pred. > prob. %age 0 0 0 0 0 0 6 3 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 40.00 20.00 

hit pred., > prob. %age 0 0 0 0 0 0 2 2 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 13.33 13.33 

Land Use 

testing edges 12 12 12 12 12 12 12 12 

total predicted 0 0 0 0 0 0 0 0 

pred. > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Policy 

testing edges 27 27 27 27 27 27 27 27 

total predicted 4 4 4 4 4 4 13 13 

pred. > prob. %age 4 4 2 1 4 4 9 5 

success rate (%)  14.81 14.81 7.41 3.70 14.81 14.81 33.33 18.52 

hit pred., > prob. %age 4 4 2 1 4 4 2 1 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

success rate (%)  14.81 14.81 7.41 3.70 14.81 14.81 7.41 3.70 

Transportation 

(general) 

testing edges 63 63 63 63 63 63 63 63 

total predicted 11 11 11 11 11 11 106 106 

pred. > prob. %age 11 11 5 3 11 11 64 41 

success rate (%)  17.46 17.46 7.94 4.76 17.46 17.46 101.59 65.08 

hit pred., > prob. %age 7 7 4 3 7 7 31 36 

success rate (%)  11.11 11.11 6.35 4.76 11.11 11.11 49.21 57.14 

Pedestrian and 

bike 

testing edges 15 15 15 15 15 15 15 15 

total predicted 1 1 1 1 1 1 1 1 

pred. > prob. %age 1 1 1 1 1 1 1 0 

success rate (%)  6.67 6.67 6.67 6.67 6.67 6.67 6.67 0.00 

hit pred., > prob. %age 1 1 1 1 1 1 0 0 

success rate (%)  6.67 6.67 6.67 6.67 6.67 6.67 0.00 0.00 

Environment 

testing edges 3 3 3 3 3 3 3 3 

total predicted 0 0 0 0 0 0 0 0 

pred. > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Air quality 

testing edges 5 5 5 5 5 5 5 5 

total predicted 0 0 0 0 0 0 1 1 

pred. > prob. %age 0 0 0 0 0 0 1 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 6.19  Validation algorithm statistics, cutoff year 2011, probability of validation ≥ 40%, professional nodes 

  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

All fields 

testing edges 58 58 58 58 58 58 58 58 

total predicted 53 53 53 53 53 53 328 328 

pred. > prob. %age 53 53 51 14 53 53 52 44 

success rate (%)  91.38 91.38 87.93 24.14 91.38 91.38 89.66 75.86 

hit pred., > prob. %age 16 16 14 3 16 16 20 22 

success rate (%)  27.59 27.59 24.14 5.17 27.59 27.59 34.48 37.93 

Travel demand 

forecasting  

testing edges 47 47 47 47 47 47 47 47 

total predicted 24 24 24 24 24 24 172 172 

pred. > prob. %age 24 24 22 3 24 24 45 28 

success rate (%)  51.06 51.06 46.81 6.38 51.06 51.06 95.74 59.57 

hit pred., > prob. %age 13 13 11 2 13 13 18 22 

success rate (%)  27.66 27.66 23.40 4.26 27.66 27.66 38.30 46.81 

Network 

modeling  

testing edges 49 49 49 49 49 49 49 49 

total predicted 25 25 25 25 25 25 144 144 

pred. > prob. %age 25 25 23 4 25 25 57 51 

success rate (%)  51.02 51.02 46.94 8.16 51.02 51.02 116.33 104.08 

hit pred., > prob. %age 13 13 11 3 13 13 23 25 

success rate (%)  26.53 26.53 22.45 6.12 26.53 26.53 46.94 51.02 

Public 

transportation  

testing edges 6 6 6 6 6 6 6 6 

total predicted 1 1 1 1 1 1 16 16 

pred. > prob. %age 1 1 1 1 1 1 7 4 

success rate (%)  16.67 16.67 16.67 16.67 16.67 16.67 116.67 66.67 

hit pred., > prob. %age 1 1 1 1 1 1 0 0 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

success rate (%)  16.67 16.67 16.67 16.67 16.67 16.67 0.00 0.00 

Intelligent 

transportation 

systems (ITS) 

testing edges 4 4 4 4 4 4 4 4 

total predicted 0 0 0 0 0 0 2 2 

pred. > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Travel demand 

modeling 

testing edges 13 13 13 13 13 13 13 13 

total predicted 14 14 14 14 14 14 115 115 

pred. > prob. %age 14 14 14 5 14 14 7 8 

success rate (%)  107.69 107.69 107.69 38.46 107.69 107.69 53.85 61.54 

hit pred., > prob. %age 4 4 4 3 4 4 0 0 

success rate (%)  30.77 30.77 30.77 23.08 30.77 30.77 0.00 0.00 

Research 

testing edges 48 48 48 48 48 48 48 48 

total predicted 7 7 7 7 7 7 39 39 

pred. > prob. %age 7 7 7 0 7 7 9 6 

success rate (%)  14.58 14.58 14.58 0.00 14.58 14.58 18.75 12.50 

hit pred., > prob. %age 7 7 7 0 7 7 3 2 

success rate (%)  14.58 14.58 14.58 0.00 14.58 14.58 6.25 4.17 

Traffic 

Management 

testing edges 7 7 7 7 7 7 7 7 

total predicted 0 0 0 0 0 0 7 7 

pred. > prob. %age 0 0 0 0 0 0 6 3 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 85.71 42.86 

hit pred., > prob. %age 0 0 0 0 0 0 2 2 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 28.57 28.57 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

Land Use 

testing edges 4 4 4 4 4 4 4 4 

total predicted 0 0 0 0 0 0 0 0 

pred. > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Policy 

testing edges 9 9 9 9 9 9 9 9 

total predicted 3 3 3 3 3 3 11 11 

pred. > prob. %age 3 3 3 1 3 3 7 6 

success rate (%)  33.33 33.33 33.33 11.11 33.33 33.33 77.78 66.67 

hit pred., > prob. %age 3 3 3 1 3 3 0 0 

success rate (%)  33.33 33.33 33.33 11.11 33.33 33.33 0.00 0.00 

Transportation 

(general) 

testing edges 44 44 44 44 44 44 44 44 

total predicted 9 9 9 9 9 9 100 100 

pred. > prob. %age 9 9 7 2 9 9 63 38 

success rate (%)  20.45 20.45 15.91 4.55 20.45 20.45 143.18 86.36 

hit pred., > prob. %age 5 5 3 2 5 5 30 32 

success rate (%)  11.36 11.36 6.82 4.55 11.36 11.36 68.18 72.73 

Pedestrian and 

bike 

testing edges 4 4 4 4 4 4 4 4 

total predicted 0 0 0 0 0 0 1 1 

pred. > prob. %age 0 0 0 0 0 0 1 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 25.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Environment testing edges 2 2 2 2 2 2 2 2 
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  Model 

  

Common 

Neighbors 

(count 

based) 

Common 

Neighbors 

(Katz 

based) 

Common 

Neighbors 

(degree 

based) 

Jaccard 

(count 

based) 

Jaccard 

(Katz 

based) 

Jaccard 

(degree 

based) 

Barabasi-

Albert 

(Katz 

based) 

Barabasi-

Albert 

(degree 

based) Field Probability ≥ 40% 

total predicted 0 0 0 0 0 0 0 0 

pred. > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Air quality 

testing edges 3 3 3 3 3 3 3 3 

total predicted 0 0 0 0 0 0 1 1 

pred. > prob. %age 0 0 0 0 0 0 1 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 33.33 0.00 

hit pred., > prob. %age 0 0 0 0 0 0 0 0 

success rate (%)  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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6.4.3 Training and validated networks results 

The professional node training and validated networks for the years 2005, 2008, and 2011 are 

visualized in Figure 6.18(a) through Figure 6.18(f) below.  Network differences, due to the added 

edges utilizing the common neighbors (degree based) method with predicted probability (greater 

than or equal to 40 percent) are readily appreciated in these network figures.  Note, all 

professional nodes are depicted in red color and the node size represents a node’s in-degree.   

When comparing, Figure 6.18(a) has more isolated nodes and fewer connections than 

Figure 6.18(b).  Nodes 213 and 174 in Figure 6.18(a) have the highest in-degree of 8 and 4, 

respectively.  After adding the predicted edges, the in-degree for nodes 213 and 174, but node 

26’s in-degree has increased to 7, while nodes 24, 145, 202, and 204’s in-degree have increased 

to 7 due to the added edges. 

Similarities exist with the comparison of the remaining figures.  Nodes 213, 212, 26, and 

174 in Figure 6.18(c) have the highest in-degree of 8, 7, 4, and 4, respectively.  In Figure 6.18(d) 

these same nodes now have in-degrees of 8, 14, 7, and 4, respectively and with nodes 145, 202, 

and 204 joining in-degree rank 4.   

The in-degree for nodes 212 and 213 remain the same in Figure 6.18(e) and Figure 

6.18(f) with 14 and 8, respectively.  The next highest in-degree nodes in Figure 6.18(e) are node 

26 and 174 with in-degrees of 6 and 4, respectively.  In Figure 6.18(f) node 26’s in-degree 

increases to 7 and nodes 24, 145, 202, and 204 join in-degree rank 4.    

  

(a) 2005 training network (b) 2005 validated network 
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(c) 2008 training network (d) 2008 validated network 

  

(e) 2011 training network (f) 2011 validated network 

Figure 6.18  Training and validated networks for professional nodes, node size depict in-degree 

 

Similar to the network and entity results presented provided in section 6.2, results for 

professional node training and validated networks are extracted and compiled in the following 

tables, Table 6.20 and Table 6.21.  These tables focus on the comparison of network-level 

measures for these networks.   

Overall, Table 6.20 reveals validated network experience shorter average path lengths, 

higher number of total shortest paths, higher average node degrees, lower modularity values, and 

less number of communities when compared to their counterpart training network.  These results 
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are further supported by the betweenness centrality results for the six entities previously 

monitored, refer to Table 6.21.  Entities 2, 3, 4, and 5 betweenness increase when compared to 

the measure in both the original and training datasets.  This indicates the predicted, subsequently 

added edges, result in paths via these entities that are shorter than the original.  Entity 1’s 

betweenness remains the same, 0 value, due to this entity’s position, located at the end of 

information paths.  Entity 6 is the only entity that experiences a slight decrease in betweenness, 

which means added edges created a shorter path no longer going by way of this entity.   

To determined the impacts of edge prediction and validation on individual technical areas 

of expertise inventories of edges associated with the datasets of interests are compiled, refer to 

Table 6.22 and Figure 6.19.  The first inventory is summarized in Table 6.22, where edge totals 

for the original dataset for each technical area of expertise are presented in column 3.  Edge 

totals for the training networks are presented in columns 4 through 6.  The proportion of training 

edges to respective original edges is presented as a percentage in parenthesis in these same 

columns.  Validated edge totals for the validated networks are presented in columns 7 through 9.  

Note, these numbers omit edges shared by same year and same technical area of expertise 

networks (shared edges equal edge totals in the training networks).  Similarly, The proportion of 

training edges to respective original edges is presented as a percentage in parenthesis in these 

same columns.  The five technical areas of expertise with highest percentage edge validations for 

year 2005 are:  transportation (general), pedestrian and bicycles, research, intelligent 

transportation systems (ITS), and air quality.  For year 2008 these technical areas are:  

transportation (general), research, pedestrian and bicycles, network modeling, and travel demand 

forecasting.  Lastly, for year 2011 these technical areas are:  transportation (general), research, 

network modeling, travel demand forecasting, and air quality.   

The second comparison is depicted in Figure 6.19.  Each pie chart represents the total 

number of validated edges for a respective year.  Pie slices display the contribution of each 

technical area of expertise with respect to the total number of validated edges for the specified 

year.  In this case, the five technical areas of expertise with highest percentage edge validations 

for year 2005 are:  network modeling, travel demand forecasting, research, transportation 

(general), and travel demand modeling.  For year 2008 these technical areas are:  research, 

network modeling, travel demand forecasting, transportation (general), and travel demand 
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modeling.  Lastly, for year 2011 these technical areas are:  research, travel demand forecasting, 

network modeling, transportation (general), and travel demand modeling.   

 

 

Figure 6.19  Edge validations by technical area of expertise 
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Table 6.20  Training and validated social networks summary of network-level social networks analysis (SNA) results 

Network Definition Network Size 
SNA Measures 

General Link weight
5
: Uniform 

Technical 

Area
1
 

Node Types
2
 

All 

Nodes 

All 

Edges 

Year 

Range 

Network 

Diameter
3
 

Avg. Path 

Length
4
 

Total 

Shortest 

Paths 

Avg. 

Degree 

Avg. 

Weighted 

Degree
6
 

Modularity
7
 

All fields 
Professionals 

(Original) 
229 278 1966-2014 5 1.72 564 1.214 1.214 0.735 (26) 

All fields 
Professionals 

(2005 training) 
229 135 1966-2005 4 1.32 188 0.590 0.590 0.855 (111) 

All fields 
Professionals 

(2005 validate) 
229 292 1966-2014 5 1.70 564 1.275 1.275 0.742 (25) 

All fields 
Professionals 

(2008 training) 
229 174 1966-2008 4 1.38 253 0.760 0.760 0.834 (83) 

All fields 
Professionals 

(2008 validate) 
229 293 1966-2014 5 1.70 564 1.279 1.279 0.743 (27) 

All fields 
Professionals 

(2011 training) 
229 226 1966-2011 5 1.70 422 0.987 0.987 0.788 (53) 

All fields 
Professionals 

(2011 validate) 
229 300 1966-2014 5 1.67 564 1.310 1.310 0.745 (26) 

1
 Technical Area:  14 provided technical fields and an “other” fill in the blank option 

2
 Node types:  Professional, organization, software, and membership organization 

3
 Longest path distance between any two nodes in the network

 

4
 Average graph distance between all pairs of nodes

 

5
 Link weights:  uniform (1.0) or calculated (linear calculation)

 

6
 Calculated link weights are used 

 

7
 Number of communities, detects communities within the network (uses edge weights).  Range is [-1, 1] measuring edge density inside communities as 

compared to links between communities
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Table 6.21  Entity’s betweenness for training and validated networks 

Uniform Link Weights = 1.0 

Network Definition Network Statistics Betweenness Centrality 

Technical 

Area
1
 

Node Types
2
 Total SP 

Avg. Link 

Weight 
Max. Entity 1 Entity 2 Entity 3 Entity 4 Entity 5 Entity 6 

All fields 
Professionals 

(Original) 
564 1 52 0 16.5 22.5 17.5 40 3 

All fields 
Professionals 

(2005 training) 
188 1 13 0 0 9 0 2 0 

All fields 
Professionals 

(2005 validate) 
564 1 67.17 0 18.83 23.17 67.17 54.33 2 

All fields 
Professionals 

(2008 training) 
253 1 13 0 7 12 0 10 0 

All fields 
Professionals 

(2008 validate) 
564 1 67.17 0 18.83 23.17 67.17 54.33 2 

All fields 
Professionals 

(2011 training) 
422 1 52 0 28 30 0 40 3 

All fields 
Professionals 

(2011 validate) 
564 1 67.17 0 18.83 23.17 67.17 54.33 2 

1
 Technical Area:  14 provided technical fields and an “other” fill in the blank option 

2
 Node types:  Professional, organization, software, and membership organization 
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Table 6.22  Training and validated social networks by technical area of expertise 

Network Definition Edges (Percent) Validated Predicted Edges (Percent) 

Technical Area
1 Node Types

2 
Original 

(2014) 
2005 

training 
2008 

training 
2011 

training 
2005 

validated 
2008 

validated 
2011 

validated 

Travel demand 

forecasting 
Professionals 168 85 (51%) 103 (61%) 125 (74%) 83 (49%) 65 (39%) 43 (26%) 

Network modeling Professionals 150 64 (43%) 80 (53%) 105 (70%) 84 (56%) 66 (44%) 43 (29%) 

Public transportation Professionals 56 31 (55%) 40 (71%) 51 (91%) 25 (45%) 16 (29%) 5 (9%) 

Intelligent transportation 

systems (ITS) 
Professionals 41 12 (29%) 25 (61%) 35 (85%) 25 (61%) 12 (29%) 2 (5%) 

Travel demand modeling Professionals 153 97 (63%) 118 (77%) 144 (94%) 56 (37%) 35 (23%) 9 (6%) 

Research Professionals 126 46 (37%) 58 (46%) 80 (63%) 80 (63%) 68 (54%) 46 (37%) 

Traffic Management Professionals 47 16 (34%) 30 (64%) 35 (74%) 21 (45%) 7 (15%) 2 (4%) 

Land use Professionals 37 17 (46%) 25 (68%) 33 (89%) 20 (54%) 12 (32%) 4 (11%) 

Policy Professionals 73 35 (48%) 46 (63%) 64 (88%) 38 (52%) 27 (37%) 9 (12%) 

Transportation (general) Professionals 104 25 (24%) 42 (40%) 61 (59%) 79 (76%) 62 (60%) 43 (41%) 

Highway operations Professionals 52 13 (25%) 27 (52%) 34 (65%) 24 (46%) 10 (19%) 3 (6%) 

Pedestrian and bicycles Professionals 33 11 (33%) 18 (55%) 29 (88%) 22 (67%) 15 (45%) 4 (12%) 

Environment Professionals 11 6 (55%) 8 (73%) 9 (82%) 5 (45%) 3 (27%) 2 (18%) 

Air quality Professionals 15 6 (40%) 10 (67%) 12 (80%) 9 (60%) 5 (33%) 3 (20%) 

All fields Professionals 278 135 (49%) 135 (49%) 226 (81%) 
   

 

All fields Professionals Total predicted 292 293 300 

1
 Technical Area:  14 provided technical fields and an “other” fill in the blank option 

2
 Node types:  Professional, organization, software, and membership organization 
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To further explore the relative importance of all professional nodes in the 2005 training 

and validated networks, betweenness versus degree centrality measures are compiled in Figure 

6.20 below.  Figure 6.20(a) and Figure 6.20(b) depict the betweenness centrality for the 2005 

training network, while Figure 6.20(c) and Figure 6.20(d) the betweenness centrality for the 2005 

validated network.  The general observation of this centrality comparison is that higher degree 

nodes have higher betweenness centrality due to the ability to in less degree-of-separation reach 

other nodes due to their many neighbors.   

 

Figure 6.20  Professional node’s betweenness vs. degree for 2005 training and validated networks 

 

Similarly, Figure 6.21(a) through Figure 6.21(d) depict the 2005 training network and 

validated networks for the closeness versus degree centrality.  The general observation in Figure 

6.21 in the centrality comparison is that low degree nodes have varying effective closeness as 

observed. 

 

  

(a) 2005 training network, in-degree (b) 2005 training network, degree 

  
(c) 2005 validated network, in-degree (d) 2005 validated network, degree 
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Figure 6.21  Professional node’s closeness vs. degree for 2005 training and validated networks 

 

To aid in the comparison of node measures, differences between the training and 

validated networks are taken to produce a single figure, summarized in Figure 6.22(a) through 

Figure 6.22(d).  To elaborate, Figure 6.22(a) is produced by taking the difference between the 

corresponding values from Figure 6.21(a) and Figure 6.21(c).  The same procedure with 

respective training and validated networks results is repeated to obtain Figure 6.22(b) through 

Figure 6.22(d). 

 

  

(a) 2005 training network, in-degree (b) 2005 training network, degree 

  

(c) 2005 validated network, in-degree (d) 2005 validated network, degree 
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(a) 2005 networks betweenness vs. in-degree 

centrality difference 

(b) 2005 betweenness vs. degree centrality 

difference 

  

(c) 2005 networks closeness vs. in-degree 

centrality difference 

(d) 2005 closeness vs. degree centrality difference 

Figure 6.22  Professional node’s centrality difference for 2005 training and validated networks 
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Chapter 7 

Conclusions 

7.1 Summary 

This dissertation research focused and embarked to investigate, acquire knowledge, and better 

comprehend professional networks in the transportation planning and modeling community by 

developing and implementing social networks (or sociogram) as well as implementing respective 

analysis methods.  This is successfully accomplished with the design of a dissertation survey 

tasked to collect such data nonexistent in the literature.  The collected information resulted in the 

construction and analysis of a social network composed by 561 entities and over 1,600 entity 

connections.   

The conducted descriptive statistics and social network analysis (SNA) provide a better 

comprehension of the community, its sub-communities, and composing elements (nodes and 

links).  Entities and their respective connections are followed over years in the community to 

visualize their evolution.  Connection strength’s impacts on entities are performed by link weight 

comparisons using default value versus participant stated values to calculate an entity’s 

betweenness in the network.   

A synopsis of findings, conclusions, and summary of possible extensions follow.   

7.2 Evaluation 

This dissertation’s research is among few to implement the use of social networks and analysis 

methods to the transportation community.  The goal of this research is to shed light into the 

universe of transportation planning and modeling community through the proposed 

methodological framework.   

The dissertation survey is designed with the goal to gather the required information for 

the construction of a graph representative of the transportation planning and modeling 

community.  This abstract graph is to be represented by actors (i.e., professionals, agencies) and 

relationships (i.e., ties, interactions, etc.) that exist within this community’s professional 

interpersonal (social) network.   

First and foremost, the collected data on the sample population is found to be a good 

representation of the community of interest.  Survey participant title composition ranged from 
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analysts, university professors, company owners, to agency directors.  In addition, respondents 

provided information that would allow the construction of a network representative of this 

community.  In addition, declared year range information allowed for temporal description of the 

network.   

Several interesting results are found throughout the analysis of the collected data.  

Overall, survey participants and individual partners are males by approximately 80 percent.  This 

value highlight the disproportion number of males in the transportation planning and modeling 

field and overall further support such low number of females participating in the STEM fields.   

Survey participants are predominately associated with government and private agencies.  

Respondent’s average years of expertise are 22 years with a standard deviation of 9.5 year.  Their 

average number of software used by these participants is 4 (with standard deviation of 2.72).  Of 

all declared software, the most widely used software types are Transportation planning 

(Macroscopic) and are mainly used by government and private agencies. 

Respondent’s collaboration with individual professional partners average 11 years (with 

standard deviation of 9 years) and they overwhelmingly (greater than 85 percent) rate partners to 

provide excellent advice and expertise.  Collaboration with organization partners average 12 

years (with standard deviation of 9 years) and rate 40 percent of them as innovators when 

adopting new technologies.   

Translating the collected survey records to an abstract node-link network required careful 

attention to detail during the cleanup and translation process, ensuring records are correctly 

represented in the network.  Nodes (or entities) represent individuals or organizations while an 

edge (or tie) exists if two nodes have been defined to have any form of connection (e.g., 

reference, partnership, collaboration, employment, or other).  The general observation is that 

entities with higher degree have higher betweenness and eigenvector centrality due to the ability 

to in less degree-of-separation reach other nodes due to their many neighbors.  Low degree nodes 

have varying closeness and eccentricity. 

The declared year ranges for employment, collaborations, and software use ensured the 

possibility for the creation of temporal networks.  Their evolution and growth could be observed 

as entities entered the community and relationships are formed throughout the years.  This is an 

important contribution as no other research has provided a glimpse to such temporal networks in 

the transportation community.   
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When only considering correctly predicted edges (i.e., found in the testing dataset), the 

overall best edge prediction algorithm for this dataset is the original (i.e., degree based) 

Barabasi-Albert model.  If the probability of an edge’s prediction, in this case greater than 40 

percent, is taken into the account it is found there is no evident best algorithm.  However, the 

better performing algorithms are:  the modified (Katz centrality based) Barabasi-Albert model, 

original (count based) common neighbors, modified (Katz centrality based) common neighbors, 

modified (degree based) Jaccard’s coefficient, and modified (Katz centrality based) Jaccard’s 

coefficient, in no particular order.   

7.3 Contributions 

The proposed research framework has proven to be a sound and robust procedure.  This research 

brought together several disconnected processes to create a streamlined process to collect data, 

analyze this data, construct and test networks, and predict network changes for the investigation 

and modeling of professional interpersonal networks.  In addition, this work can be easily 

replicated by other researchers as well as is flexible enough to further expand in any of the four 

framework sections defined.   

This research undertook the large challenge of designing and conducting a dissertation 

survey.  The primary reason for such decision is due to the desire to focus on an in-depth data 

collection rather than data quantity of professional interpersonal networks.  As opposed to most 

available data, i.e., LinkedIn and other social media, connection information is vague and does 

not necessarily represent collaborations (the research’s main interest), hence the focus on 

designing and conducting a survey that collects such exact data for the transportation planning 

and modeling community.   

The network construction and analysis is among the first attempted of the transportation 

community.  Multiple types of network analysis are made possible due to the in-depth data 

collected via the survey.  For example, the constructed network is built with both uniform link 

weights and calculated link weights, where uniform links equal 1.0 and calculated links are based 

on survey ratings.  Most cases in the literature focus on the former.  Further, this same data 

allows for the extraction of sub-networks based on declared technical areas of expertise.  These 

sub-networks allow for a closer look at impacts by members of given technical areas.  Lastly, 

depicting the constructed network as a temporal/dynamic network from the year 1966 to 2014 is 
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an important contribution as such glimpse in the transportation community has not been provided 

by other research in the literature.   

This research is taken a step further by incorporating edge prediction to the findings 

section.  Edge prediction is documented in the literatures as a challenging problem.  Some 

methods may be more successful than others due to the nature of the network and its 

accompanying data.  Given this research’s collected data, constructed network, and results 

several edge prediction algorithms are implemented to determine prediction performance.  

Further, the predictive algorithms are modified with network measures (i.e., centrality) that in 

some cases enhance the predictive qualities.    

7.4 Future Work 

The research questions posed and explored in this dissertation are only the beginning of many 

research problems and avenues to pursue.  Continued explorations of this community through 

implementation of additional algorithms that will help reveal more information about this 

community are planned.   

Further efforts can be placed to conduct a second round or an on-going survey in efforts 

to obtain more records, growing the existing database and network.  This is due to the target 

population, professionals in the transportation planning and modeling community, not being able 

to participate due to highly busy and demanding careers requiring them to fulfill state and federal 

planning requirements (U.S. Government Accountability Office 2009) as well as being an over-

surveyed due to them being a coveted target population.   

In addition, further research is required in link weight and network manipulation in order 

to explore and improve methods for network validation and prediction specific to this 

community.   
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Chapter 8 

Appendix A 

This section compiles data clarification, tables, and other miscellaneous items that although 

important to the research are considered as supporting material.    

8.1 Statistical Analysis Guide 

Table 8.1 summarizes the general guidelines for selecting a statistical analysis.  This table is 

based on general guidelines; researchers should use logic and reasonableness when selecting 

which analysis to use.  Also, data can be analyzed in many different ways.  (UCLA: Statistical 

Consulting Group ; du Prel, Rohrig et al. 2010) 

 

Table 8.1  Statistical analysis based on variable types 

Data Type 
Non-Parametric 

(Nominal-Ordinal) 

Parametric 

(Interval Ratio) 
One Variable 

1. Discrete a. Percentage (Impossible) 

2. Continuous b. Median, Mode 

c. Quartile range 

a. Mean 

b. Std. Deviation 

Two Variables 

1. Both discrete a. Chi-square 

b. Phi coefficient (2x2) 

c. Contingency coefficient 

d. Tetrachoric correlation 

e. Yule’s Q (2x2) 

f. Lambda 

a. Conjoint analysis 

b. Correspondence analysis 

2. One discrete and other 

continuous 

 a. Student t (if dependent is 

dichotomous 

b. One-way ANOVA 

3. Both continuous a. Spearman rank correlation 

b. Kendall’s R 

c. Gamma 

a. Pearson correlation 

b. Eta curvilinear 

c. Simple regression 

Three Variables 

1. Three discrete a. Cross tabulation a. Conjoint analysis 

b. Multi-dimensional scaling 

c. Correspondence analysis 

(multiple) 

2. Two discrete, one 

continuous 

 a. ANOVA (2 way) 

3. One discrete, two 

continuous 

a. Comparison of proportions a. Analysis of covariance 

4. Three continuous a. Kendall’s W a. First-order partial correlation 

b. Multiple regression 

c. Multiple correlation 

Four or More Variables 

1. K discrete a. Cross tabulation a. Conjoint analysis 
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b. Non-metric MDS (Multi-

dimensional scaling) 

c. Chi-squared Automatic 

Interaction Detection (CHAID)* 

b. Quasi metric MDS 

2. One discrete, K 

continuous 

 a. Probit analysis (For normal 

probability distribution) 

b. Logit analysis (For logistic 

probability distribution) 

c. Multiple discriminant analysis 

3. K continuous  a. Second-order partial correlation 

b. Multiple regression 

c. Multiple correlation 

d. Factor analysis 

e. Canonical correlation 

f. Fully metric multi-dimensional 

scaling 

4. One continuous, K 

discrete 

 a. Classification of regression trees 

(CART) 

b. Conjoint 

c. Multiple regression (dummy) 

* Chaid is a type of decision tree technique, based upon adjusted significance testing.  CHAID can be used for 

prediction as well as classification, and for detection of interaction between variables. 

 

8.2 Correspondence Analysis Guide 

The fundamental concepts and mathematics of the correspondence analysis are documented as 

follows: 

 

Given notations: 

  
Original data matrix       , or contingency table, with row and column totals 

              and               

    Elements of matrix   

    Marginal row frequencies,       

    Marginal column frequencies,       

  Grand total,         

     Clouds of points, set of elements of points     and whose mass is         

     Clouds of points, set of elements of points     and whose mass is         

   Diagonal matrix of row masses 

   Diagonal matrix of column masses 

 

It makes little sense to compare the actual frequencies in each cell of the original data 

      .  Instead, for comparison it is essential to reduce either the rows or columns to the same 

base.  Hence, the matrixes of row and column profiles are depicted in Table 8.2 and Table 8.3 

and are denoted as matrix   and  , respectively.   
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Table 8.2  Matrix of row profiles 

Row Columns Row mass 

 1 2 … J  

1                 …         1 

2                 …         1 

3                 …         1 

… … … … … … 

I                 …         1 

Column mass                 …         1 

 

Table 8.3  Matrix of column profiles 

Row Columns Row mass 

 1 2 … J  

1                 …                 

2                 …                 

3                 …                 

… … … … … … 

I                 …                 

Column mass 1 1 …1 1 1 

 

The mass concept for the row and column are defined as the marginal frequency of the i
th

 

row divided by the grand total and marginal frequency of the j
th

 row divided by the grand total, 

respectively and shown in Equation 43 and Equation 44, while corresponding average profiles 

are Equation 45 and Equation 46. 

 

      Row mass (or vectors of elements) Equation 43 

      Column mass (or vectors of elements) Equation 44 

      Average row profile Equation 45 

      Average column profile Equation 46 

 

The correspondence matrix   is defined as the original table   divided by the grand total 

 ,         ; each cell of the   matrix is given by the cell frequency divided by the grand 

total.   

The weighted Euclidean distance is used to measure/depict distances between profile 

points.  The weighting refers to differential weighting of the dimensions of the space, not 

weighting of profiles, refer to Equation 47 and Equation 48.  These calculated distances are the 
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chi-square distances and differs from usual Euclidean distances in that each square is weighted 

by the inverse of the frequency corresponding to each term.  Dividing each squared term by the 

expected frequency is “variance-standardizing” and compensates for the larger/smaller variance 

in high/low frequencies (SAS Institute 2009).   

 

          
 

   

 

   

 
   

   
 

    

    
 

 

 Equation 47 

          
 

   

 

   

 
   

   
 

    

    
 

 

 Equation 48 

 

The moment of inertia of an object is the quantity     summed over all the particles that 

constitute the object, Equation 49.  Similarity, in the correspond analysis there is cloud of profile 

point with masses adding up to 1.  These points have a centroid and a distance between profile 

points where each point contributes to the inertia.  Hence the inertia of i
th

 row profile point can 

be computed by Equation 50 and similarly for j
th

 column profile.  The total inertia of the 

contingency table is given by Equation 51.   

 

                       Equation 49 

 

                     
         

 

   
 , where            and           Equation 50 

 

                
          

 

    
  

 Equation 51 

 

CA can also be considered as a method for decomposing the overall inertia by identifying 

a small number of dimensions in which the deviations from the expected values can be 

represented, similar to factor analysis (Greenacre 1983; UNESCO 2006; SAS Institute 2009).  

CA is essentially looking for a low-dimensional subspace which is as close as possible to the set 

of profile point in the high-dimensional true space.  The objective is to discover which subspace 
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minimizes the weighted measure of the distance of all the profiles and the subspace  , Equation 

52.  Distance for individual points and the subspace   are given by Equation 53. 

 

            Equation 52 

           Equation 53 

 

Results of the CA are presented on graphs that represent the configurations of point in 

projection planes, formed by the first principal axes taken two at a time.  It is important to 

remember when interpreting the results one can only interpret the distances between row points, 

and the distances between column points, but not the distances between row and column points.  

The criterion used for dimensionality reduction implies that the inertia of a cloud in the optimal 

subspace is maximum, but that would still be less than that in the true space.  The ratio of inertia 

inside the subspace to the total inertia gives a measure of the accuracy of representation of a 

cloud in the subspace. (UNESCO 2006) 

8.3 GAO Survey Results Analysis (Continued) 

8.3.1 Response processing, recoding, and characterization 

Question 4 (Q4a through Q4m) asks respondents if a particular official is on the “MPO’s board” 

and/or “1 or more MPO’s committees”, represented by Q4*01 and Q4*02 respectively and is of 

the form “select all that apply”.  Binary values will depict whether the option is selected (1) or 

not selected (0).  A more convenient way of representing these choices is to compile responses 

for both Q4*01 and Q4*02 into a single column Q4*.  The compiled version (Q4*) of the 

original question will now be represented as the following:  “1” represents “MPO’s board”, “2” 

represents “1 or more MPO’s committees”, “3” represents selection of both “1” and “2”, and 

“blanks” are no choice on either category.  

 

Table 8.4  Question 4 original and recoded choices  

Original Choices Recoded Choices 

1 Yes, on our MPO’s board 1 Yes, on our MPO’s board 

2 Yes, on one or more of the MPO’s committees 2 Yes, on one or more of the MPO’s committees 

  3 Selections (1) and (2) 
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Question 8 asks “how, if at all, does your MPO coordinate its planning activities with the 

following types of organizations?”  This question becomes a bit problematic to analyze since the 

question also specifies to “select all answers that apply in each row when answering”.  In order 

to capture selection of more than one category, or combinations, several new categories are 

defined.  As shown in Table 8.5, category selection is depicted by a binary value, where “1” 

represents a category selection and “0” is no selection.  The first six categories are those with a 

single coordination activity while all others represent multiple coordination types.  In total, there 

are 32 coordination categories recorded in the collected data, however other unrecorded 

combinations may exist.   

 

Table 8.5  Question 8 categories  

Q801 Q802 Q803 Q804 Q805 Q806 Category 

Regular 
meetings 

Regular 
correspondence 

Input/feedback 
(on ad-hoc basis) 

Sharing TDM 
capacity 

Rep. on MPO 
committees 

Does not 
coordinate 

Code 

1 0 0 0 0 0 1 

0 1 0 0 0 0 2 

0 0 1 0 0 0 3 

0 0 0 1 0 0 4 

0 0 0 0 1 0 5 

0 0 0 0 0 1 6 

1 0 0 0 0 1 6 

0 1 0 0 0 1 6 

0 0 1 0 0 1 6 

0 0 0 1 0 1 6 

0 0 0 0 1 1 6 

1 1 1 1 1 1 6 

1 1 0 0 0 0 7 

0 1 1 0 0 0 8 

0 0 1 1 0 0 9 

0 0 0 1 1 0 10 

1 0 1 0 0 0 11 

1 0 0 1 0 0 12 

1 0 0 0 1 0 13 

0 1 0 1 0 0 14 

0 1 0 0 1 0 15 

0 0 1 0 1 0 16 

0 1 1 1 0 0 17 

0 0 1 1 1 0 18 

1 0 0 1 1 0 19 

1 1 0 0 1 0 20 

1 1 1 0 0 0 21 
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Q801 Q802 Q803 Q804 Q805 Q806 Category 

Regular 
meetings 

Regular 
correspondence 

Input/feedback 
(on ad-hoc basis) 

Sharing TDM 
capacity 

Rep. on MPO 
committees 

Does not 
coordinate 

Code 

1 0 1 1 0 0 22 

1 1 0 1 0 0 23 

0 1 1 0 1 0 24 

0 1 0 1 1 0 25 

1 0 1 0 1 0 26 

0 1 1 1 1 0 27 

1 0 1 1 1 0 28 

1 1 0 1 1 0 29 

1 1 1 0 1 0 30 

1 1 1 1 0 0 31 

1 1 1 1 1 0 32 

 

8.3.2 Question 4 Chi-squared results 

 

Table 8.6  Question 4 Chi-squared results - complete 

Variables 
Sample 

Size 
Missing 

 

Chi-

Square 

Likelihood 

Ratio Chi-

Square 

Phi 

Coeff. 

Contingenc

y Coeff. 

Cramer's 

V 

Q4A by QST2 219 73 DF 8 8    

FHWA   statistic 1.8225 2.249 0.0912 0.0908 0.0645 

   p-value 0.986 0.9724    

Q4B by QST2 162 130 DF 8 8    

FHWA   statistic 6.4148 6.8317 0.199 0.1952 0.1407 

   p-value 0.6009 0.5549    

Q4C by QST2 280 12 DF 8 8    

FHWA   statistic 4.2441 4.9586 0.1231 0.1222 0.0871 

   p-value 0.8345 0.762    

Q4D by QST2* 151 141 DF 8 8    

State agency   statistic 20.883 17.4837 0.3719 0.3486 0.263 

   p-value 0.0075 0.0254    

Q4E by QST2 271 21 DF 8 8    

Transit operator   statistic 17.2461 18.0892 0.2523 0.2446 0.1784 

   p-value 0.0276 0.0206    

Q4F by QST2* 288 4 DF 8 8    

Local elected gov.   statistic 17.4412 18.5896 0.2461 0.239 0.174 

   p-value 0.0258 0.0172    

Q4G by QST2 264 28 DF 8 8    

Local non-elected 

gov. 

  statistic 8.7095 9.4379 0.1816 0.1787 0.1284 

   p-value 0.3674 0.3067    

Q4H by QST2 206 86 DF 8 8    
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Variables 
Sample 

Size 
Missing 

 

Chi-

Square 

Likelihood 

Ratio Chi-

Square 

Phi 

Coeff. 

Contingenc

y Coeff. 

Cramer's 

V 

Other reg. agency   statistic 25.9731 28.9266 0.3551 0.3346 0.2511 

   p-value 0.0011 0.0003    

Q4I by QST2 108 184 DF 8 8    

Env. adv. org.   statistic 7.0094 7.9205 0.2548 0.2469 0.1801 

   p-value 0.5356 0.4413    

Q4J by QST2* 154 138 DF 8 8    

Business adv. 

group 

  statistic 9.9229 10.9949 0.2538 0.246 0.1795 

   p-value 0.2705 0.202    

Q4K by QST2 183 109 DF 8 8    

Citizen group   statistic 6.2801 7.777 0.1852 0.1822 0.131 

   p-value 0.6159 0.4556    

Q4L by QST2 160 132 DF 8 8    

Private sector   statistic 9.4976 11.6805 0.2436 0.2367 0.1723 

   p-value 0.3021 0.166    

Q4M by QST2 88 204 DF 6 6    

Other   statistic 6.2658 6.1956 0.2668 0.2578 0.1887 

   p-value 0.3941 0.4016 0.4632   

*Note: A high percentage of the cells in the contingency table have expected counts less than 5. (Asymptotic) Chi-squared 

may not be a valid test. 

 

8.3.3 Question 8 Chi-squared results 

 

Table 8.7  Question 8 Chi-squared results - complete 

Variables 
Sample 

Size 
Missing 

 
Chi-Square 

Likelihood 

Ratio Chi-

Square 

Phi Coeff. 
Contingency 

Coeff. 

Cramer's 

V 

Q8A by QST2 195 97 DF 40 40       

   statistic 40.2017 40.3366 0.4541 0.4134 0.227 

   p-value 0.4613 0.4554       

Q8B by QST2 262 30 DF 48 48       

   statistic 45.4379 49.199 0.4164 0.3844 0.2082 

   p-value 0.5784 0.4249       

Q8C by QST2 233 59 DF 56 56       

   statistic 51.5684 56.2626 0.4705 0.4257 0.2352 

   p-value 0.6431 0.465       

Q8D by QST2 171 121 DF 60 60       

   statistic 75.0458 71.9347 0.6625 0.5523 0.3312 

   p-value 0.0913 0.1391       

Q8E by QST2 179 113 DF 36 36       
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Variables 
Sample 

Size 
Missing 

 
Chi-Square 

Likelihood 

Ratio Chi-

Square 

Phi Coeff. 
Contingency 

Coeff. 

Cramer's 

V 

   statistic 67.0209 70.9515 0.6119 0.5219 0.3533 

   p-value 0.0013 0.0005       

Q8F by QST2 238 54 DF 44 44       

   statistic 54.2267 57.0757 0.4773 0.4308 0.2387 

   p-value 0.1389 0.0893       

Q8G by QST2 114 178 DF 48 48       

   statistic 62.4708 60.0321 0.7403 0.595 0.3701 

   p-value 0.0783 0.1141       

Q8H by QST2 174 118 DF 52 52       

   statistic 58.3059 56.582 0.5789 0.501 0.2894 

   p-value 0.2547 0.3079       

Q8I by QST2 101 191 DF 30 30       

   statistic 36.1918 36.0678 0.5986 0.5136 0.3456 

   p-value 0.2019 0.2059       

Q8J by QST2 109 183 DF 33 33       

   statistic 40.8162 45.7285 0.6119 0.522 0.3533 

   p-value 0.1646 0.0693       

Q8Kby QST2 99 193 DF 44 44       

   statistic 71.6289 46.8441 0.8506 0.6479 0.4253 

   p-value 0.0053 0.3566       

 

8.3.4 Correspondence Analysis – Additional results 

Furthermore, curiosity exists in determining if the combination(s) of officials who are more 

likely to represent certain MPOs, as mentioned in section 4.2.  The two cases of interest focus on 

analyzing question 4 official combinations by question 2.  They are Q4A*Q4B*Q4C*Q4D by 

Q2 and Q4A*Q4B*Q4C*Q4H by Q2 and are presented in Figure 8.1.  The plots on the left 

(Figure 8.1a and Figure 8.1c) correspond to simple CA and include the mutually exclusive 

category composed of the four Q4 officials.  Note a category corresponding to “3333” category 

represents FHWA, FTA, DOT, environmental agency, and other regional agency officials who 

are members of both board and committees, respectively.  Figures on the right depict the MCA 

graphs (Figure 8.1b and Figure 8.1d) only in this case the four Q4 officials are treated 

independent of one another.   
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(a) question 4A-D by question 2 (b) question 4A-D by question 2 

  

(c) question 4A-C&H by question 2 (d) question 4A-C&H by question 2 

Figure 8.1  Simple and multiple correspondence analysis of question 4 by question 2 

 

Table 8.8  Summary of correspondence analysis for question 4 combination by question 2 

 
Indep. (1) 

Part of a reg. 

council / COG (2) 

Part of a county 

gov. office (3) 

Part of a city gov. 

office (4) 

Part of the state 

DOT (5) 

Q4A, B, C, D  2232 2232 1111 3232 2233 

 3333 2222 1112 3111  

  2211  3331  

  2112  1132  

  3133    

  1112    

Q4A, B, C, H 1133 1113 2211 3332  

 1112 1211 1111 1212  

  2223    

  3331    

1=Board, 2=1 or more committee(s), 3=both 1 and 2 

* Four digit value represents officials membership responses, in sequential order 

 



 

Page 193 

8.3.5 Cluster Analysis – Additional results 

 

Table 8.9  Cluster frequency based on categorical responses for question 2 and question 4A 

responses 

Response 2-Cluster 3-Cluster 5-Cluster 

QST2 Q4A 1 2 1 2 3 1 2 3 4 5 

1 1 2 
 

2   2     

1 2 19 
 

  19    19  

1 3 23 
 

  23    23  

2 1 19 
 

19   19     

2 2 36 
 

36   36     

2 3 28 
 

  28   28   

3 1 
 

11  11      11 

3 2 
 

19  19   19    

3 3 
 

9  9   9    

4 1 
 

8  8      8 

4 2 
 

27  27   27    

4 3 
 

4  4   4    

5 3 
 

1  1   1    

Total 127 79 57 79 70 57 60 28 42 19 

Grand total 206 206 206 

R-squared 0.54 0.758 0.82 

CCC -0.05 -1.2 -0.67 

Pseudo F 240 224 230 

Pseudo T- squared 130 53 83.6 
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Figure 8.2  Dendrogram of clusters versus R-square values for question 2 by question 4A, 

method=Ward's 

 

Table 8.10  Cluster frequency based on categorical responses for question 2 and question 4B 

responses 

Response 3-Cluster 6-Cluster 

QST2 Q4B 1 2 3 1 2 3 4 5 6 

1 1 7       7  

1 2 15       15  

1 3  10   10     

2 1 20   20      

2 2 37      37   

2 3  17   17     

3 1   10      10 

3 2   6   6    

3 3   6   6    

4 1   9      9 

4 2   14   14    

4 3   9   9    

5 1          

5 2   1   1    

5 3   1   1    

total 79 27 56 20 27 37 37 22 19 

Grand total 162 162 

R-squared 0.0997 0.0358 

CCC -2.2 1.24 

Pseudo F 163 233 

Pseudo T- squared 68.9 36.8 
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Figure 8.3  Dendrogram of clusters versus R-square values for question 2 by question 4B, 

method=Ward's 

 

8.4 Measures for Strength of Statistically Significant Relationships 

8.4.1 Lambda ( ) 

Lambda ( ) formula is the following: 

  
        

     
 

where, 

     = largest cell frequency for each category of the Independent variable 

     = largest row total among the categories of the dependent variable 

   = sample size 

 

8.4.2 Cramer’s V 

Cramer’s V formula is the following: 

  
  

      
 

where, 

    = calculated chi-square 

   = minimum number of rows or columns 
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   = sample size 

 

8.4.3 Phi ( ) 

Phi ( ) Os a special case of Cramer’s V and Os based on the chi-squared distribution when one 

or both of the variables contains only two categories.  The formula is the following: 

   
  

 
 

where, 

    = calculated chi-square 

   = sample size 

 

Possible values for lambda ( ), Cramer’s V, and Phi ( ) range from 0 to 1, with 0 

representing no association and 1 representing a perfect association.  Table 8.11 represents a 

scale for interpreting the meaning of these single-summary statistics.  

 

Table 8.11  Measure of association interpretation for Lambda, Cramer’s V, and Phi 

Measure Interpretation 

0.00 and under 0.10 Negligible association 

0.10 and under 0.20 Weak association 

0.20 and under 0.40 Moderate association 

0.40 and under 0.60 Relatively strong association 

0.60 and under 0.80 Strong association 

0.80 and under 1.00 Very strong association 

 

8.4.4 Contingency Coefficient 

Contingency coefficient is the measure of degree of relationship, association of dependence of 

the classifications in the frequency table.  The larger the value of the calculated coefficient, the 

greater the degree of association.  The maximum value of the coefficient is never greater than 1 

and is determined by the number of rows and columns in the table.    suffers from the 

disadvantage that it does not reach a maximum of 1 or the minimum of -1; the highest it can 

reach in a 2 x 2 table is .707; the maximum it can reach in a 4 × 4 table is 0.870.  It can reach 
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values closer to 1 in contingency tables with more categories.  The formula for calculating this 

coefficient is the following: 

   
  

    
 

where, 

    = calculated chi-square 

   = sample size 

 

8.5 Cluster Analysis Formulas (SAS Institute 2009) 

8.5.1 Root mean squared standard deviation 

Root mean squared standard deviation of cluster    

        
  

       
  

          
    

       
 

where, 

   = number of observations in cluster    

    = mean vector for cluster    

  = number of variables if data are coordinates 

   = i
th

 observation (row vector if coordinate data) 

    = Euclidian length of the vector  ; the square root of the sum of the squares of the 

elements of   

 

8.5.2 R-square statistic 

R-square (  ) statistic for a given level of the hierarchy  

     
  

 
   

   

          
   

 

where, 

   = summation of Euclidian distances for other cluster    

   =     where summation is over the G clusters at the G
th

 level of hierarchy 

  = number of clusters at any given level of the hierarchy 
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   = sample mean vector 

  = number of observations 

 

8.5.3 Squared semipartial correlation 

Squared semipartial correlation for joining clusters    and    

                 
   

 
  

where, 

   = summation of Euclidian distances for other cluster    

    =          if          

 

8.5.4 Pseudo F statistic  

Pseudo F statistic for given level  

         

    

   
  

   

 

where, 

   =     where summation is over the G clusters at the G
th

 level of hierarchy 

  = number of clusters at any given level of the hierarchy 

  =           
    

 

8.5.5 Pseudo t
2
 statistic  

Pseudo t2 statistic for joining    and    

          
   

     

       

 

where, 

    =          if          

   =           
    

 

   =          
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   = number of observations in cluster    

   = number of observations in cluster    

 

8.5.6 Cubic-Clustering Criterion (CCC) 

Cubic-clustering criterion is calculated as 

       
       

    
    

where, 

      = expected    

  = the variance-stabilizing transformation 

 

8.6 Pre-test Survey Responses 

 

Table 8.12  Pre-test sample survey responses 

Question Response 

Timestamp ######## 

Do you CONSENT to participate in this survey? 
YES, I would like to participate in 

the survey. 

Section 1:  General information 

1. What is your name? Jane Smith 

2. What is your current job title? Researcher 

3. Please specify the name of your (most) current employer. MPO 

3.a. Please specify the dates of employment at this organization? 2006-2013 

3.b. Would you be willing to provide additional employment history? 
YES, I will provide more employer 

information. 

3.c. Please specify any additional employers along with respective dates of 

employment. 
UA 2003-2006 

4. Please specify your TECHNICAL AREA(S) of EXPERTISE within the 

transportation field. 
traffic modeling and analysis 

5. What is your level of experience in the following areas?  [Air quality / 

emissions analysis] 
No experience 

5. What is your level of experience in the following areas?  [Dynamic 

traffic assignment (DTA)] 
Intermediate 

5. What is your level of experience in the following areas?  [Mode-choice 

analysis] 
Beginner 
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Question Response 

5. What is your level of experience in the following areas?  [Land-use 

projection/planning] 
No experience 

5. What is your level of experience in the following areas?  [Special event 

planning] 
No experience 

5. What is your level of experience in the following areas?  [Transit 

planning] 
No experience 

5. What is your level of experience in the following areas?  [Transportation 

network modeling] 
Intermediate 

5. What is your level of experience in the following areas?  [Travel demand 

modeling (TDM) - activity based modeling] 
Beginner 

5. What is your level of experience in the following areas?  [Travel demand 

modeling (TDM) - four-step model] 
Advanced 

Section 2:  Utilized software information 

6. Do you have experience using travel models and analysis software? 
YES, I have experience with travel 

models and analysis software 

6. Please specify the software you have used throughout your career along 

with usage dates. 
DynusT/Dynasmart 2003-2013 

6.1.a. What is your level of experience with SOFTWARE 1?  

[SOFTWARE 1] 
Advanced 

SOFTWARE 2 VISSIM 

6.2.a. What is your level of experience with SOFTWARE 2?  

[SOFTWARE 2] 
Intermediate 

SOFTWARE 3 CORSIM 2004-2013 

6.3.a. What is your level of experience with SOFTWARE 3?  

[SOFTWARE 3] 
Intermediate 

SOFTWARE 4 TransCAD 2006-2013 

6.4.a. What is your level of experience with SOFTWARE 4?  

[SOFTWARE 4] 
Intermediate 

Section 3:  Professional expertise network 

7. Please list the PROFESSIONALS (e.g., name and affiliation) you seek 

for transportation advice and/or expertise.  
Professor X, UA 

7.1.a. What is PERSON 1's technical area(s) of expertise within the 

transportation field? 
DTA 

7.1.b. Please specify the range of years you have interacted/collaborated 

with PERSON 1 throughout your career. 
2003-2013 

7.1.c. On average, how frequently are you in contact with PERSON 1? 

[PERSON 1] 
Weekly 

7.1.d. How would you rate PERSON 1's level of EXPERTISE? [PERSON 

1] 
Excellent 

7.1.e. How would you rate PERSON 1's ADVICE? [PERSON 1] Excellent 

7.1.f. How would you rate your FRIENDSHIP with PERSON 1? [PERSON 

1] 
Close friends (fellowship) 

7.1.g. How would you rate PERSON 1's overall INFLUENCE in the 

transportation community? [PERSON 1] 
Very influential 
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Question Response 

PERSON 2 Joe Smith, X Coroporation 

7.2.a. What is PERSON 2's technical area(s) of expertise within the 

transportation field? 
traffic analysis, traffic modeling 

7.2.b. Please specify the range of years you have interacted/collaborated 

with PERSON 2 throughout your career. 
2003-2013 

7.2.c. On average, how frequently are you in contact with PERSON 2? 

[PERSON 2] 
Monthly 

7.2.d. How would you rate PERSON 2's level of EXPERTISE? [PERSON 

2] 
Excellent 

7.2.e. How would you rate PERSON 2's ADVICE? [PERSON 2] Excellent 

7.2.f. How would you rate your FRIENDSHIP with PERSON 2? [PERSON 

2] 
Intimate friends (extremely close) 

7.2.g. How would you rate PERSON 2's overall INFLUENCE in the 

transportation community? [PERSON 2] 
Somewhat influential 

PERSON 3 Jen Smith, TTI 

7.3.a. What is PERSON 3's technical area(s) of expertise within the 

transportation field? 
traffic analysis 

7.3.b. Please specify the range of years you have interacted/collaborated 

with PERSON 3 throughout your career. 
2004-2013 

7.3.c. On average, how frequently are you in contact with PERSON 3? 

[PERSON 3] 
Monthly 

7.3.d. How would you rate PERSON 3's level of EXPERTISE? [PERSON 

3] 
Very Good 

7.3.e. How would you rate PERSON 3's ADVICE? [PERSON 3] Very Good 

7.3.f. How would you rate your FRIENDSHIP with PERSON 3? [PERSON 

3] 

Casual friends (common interests, 

activities, etc.) 

7.3.g. How would you rate PERSON 3's overall INFLUENCE in the 

transportation community? [PERSON 3] 
Somewhat influential 

…continue with additional listed professionals  

Section 4:  Organization network 

8. Please list the transportation PARTNERS (e.g., agencies, universities, 

companies, and/or other groups) you interact and/or collaborate with.   
C International 

8.1.a. Please specify the years you have interacted/collaborated with 

PARTNER 1 throughout your career. 
2010-2013 

8.1.b. On average, how frequently do you interact/collaborate with 

PARTNER 1? [PARTNER 1] 
Biweekly 

8.1.c. How do you interact/collaborate with PARTNER 1?  
In-person meetings, Phone/Web 

meetings, Regular correspondence 

8.1.d. In general, how would you rate PARTNER 1's adoption of LATEST 

TECHNOLOGY? [PARTNER 1] 
Early adopter 

PARTNER 2 COG 

8.2.a. Please specify the range of years you have interacted/collaborated 

with PARTNER 2 throughout your career. 
2010-2013 
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Question Response 

8.2.b. On average, how frequently do you interact/collaborate with 

PARTNER 2? [PARTNER 2] 
Biweekly 

8.2.c. How do you interact/collaborate with PARTNER 2?  
Feedback on an ad-hoc basis, Data 

sharing, Third party setup meetings 

8.2.d. In general, how would you rate PARTNER 2's adoption of LATEST 

TECHNOLOGY? [PARTNER 2] 
Early adopter 

…continue with additional listed organizations 

Section 5:  Professional memberships 

9. Are you a member of any of these transportation professional 

organizations?  

Institute of Transportation Engineers 

(ITE) 

9.a. Please specify the range of years you have been a member of the 

organizations you have selected above. 
ITE 2003-2013 

 

8.7 Survey Responses 

8.7.1 Respondents results - continued  

See section 5.2.2 for results related those presented in this section. 

 

 

Figure 8.4  Individual partners’ collaboration years (no responses, 0 years, included) 
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Figure 8.5   Contact frequency with individual partners (no responses included) 

 

 

 

Figure 8.6  Individual partners expertise rating 
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Figure 8.7  Individual partners advice rating 
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