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Chapter 1: Introduction

1.1 Problem

The expanse of travel is growing at an immense rate, making transportation
multimodal and increasing the time that people spend on travel. Cities and regions
around the world are taking more and more initiatives focused on curbing congestion
and motivating commuters to move towards public transport. Understanding traveler
behavior is essential in the process of developing and designing these initiatives.
Researchers have explored a variety of variables and linked them with the
individual’s travel pattern. Some of these include trip purpose, urban form and land
use, socio-demographic factors, destination image, environmental awareness and
psychosocial variables. Studies have largely focused on automobile travel rather than
active travel. There is enough evidence that suggests the positive association of
healthy-living with travel behavior. However there is little, if any, empirical research
that explores the nature of the relationship between general health of an individual

and his/her travel behavior.

In order to examine such a relationship, especially the influence of health and travel
behavior on each other, there is a need to capture accurate and complete travel pattern
of commuters. Transportation planners and modelers have waited over a decade for

large-scale (Global Positioning System) GPS-based person and household travel



surveys. The advantages of GPS-based surveys, where devices are used to collect
objective and accurate travel details with seemingly little respondent burden, are
widely known to researchers. The landscape of travel surveys has been revolutionized
with the emergence of smartphone applications. In recent years, a number of studies
have been done on the use of smartphone applications to collect travel behavior data
and conduct travel surveys. However, no attempt has been made to standardize the

structure of conducting and collecting data from these surveys.

To address the above-discussed problems, this research explores a potential
relationship between health and travel behavior of an individual. In order to collect
accurate and complete travel pattern of individuals, a smartphone application is
developed that can track user location for long periods without user intervention. An
online survey is also designed and conducted to collect general health information of
individuals. The purpose of this report is to develop a smartphone application to
collect comprehensive travel behavior data and to use this platform in trying to find a

potential relationship between an individual’s general health and travel behavior.

1.2 Approach

The approach of this study is three-fold:
1. Develop a Smartphone Application that would serve as a platform to passively
collect comprehensive person-level travel behavior data,
2. Design a health survey to collect information about an individual’s general

healthy-living habits



3. Build a model that will help understand and analyze the relationship between
an individual’s travel behavior and his/her general health measures and urban

form.

The smartphone application will help standardize the method of collecting person-
level travel behavior data by automating the process, hence not requiring any user
intervention after the installation. The application’s survey feature will allow
researchers in customizing surveys and pushing them to respondents in real-time. The
Health and Travel Survey will collect person-level general health information and
will help the development of future health-related surveys. Results, though not
significant, show that there is a positive association between travel behavior and
healthy-living and that researchers should focus on understanding this relationship

better.

1.3 Organization of the Report

The contents of the rest of this report are divided into five chapters. Chapter 2
conveys the research design and methodology. The overall process of the application
development is explained, from the specifications of the requirements through the
system design until the deployment. The design and the implementation of the Online
Health and Travel Survey are also described. Finally, chapter 4 presents findings and
discussions, and chapter 5 ends with conclusions and implications. Chapter 6
describes areas in which this field of research can be improved and provides

recommendations toward them.



Chapter 2: Methodology

2.1 Application Development

2.1.1 Specification of Requirements

A well-functioning application would have to collect travel or location information
about the individual in a timely manner and make this information accessible to the
researcher when needed. In line with the objective of the research, the requirements
of the application were specified in three simple tasks. It shall be able to:
1. Track the travel information about the individual, all-day, for long periods
without any user intervention.
2. Store this information locally on the device, without losing it.

3. Send the stored information to the researcher at regular intervals

2.1.2 System Design

The first requirement was achieved through Background Location Updates, a feature
available with most smartphone platforms (implemented on 10S and Android). The
sensing technologies are kept running on the smartphone even when the user is
performing other tasks on it or turns the screen off. This meant that the application
would need to be optimized to consume as low power as possible. Smartphones have
three sensing technologies that are sources of location in applications: Cell Signal,

Wi-Fi and GPS, in the order of lowest to highest accuracy. High accuracy consumes



high power and hence, the three sensing technologies also fall in the same order from

least to most power consumption.
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Figure 1: Location Request Timeline

Time (t)

Using GPS for a long time would drain the battery of the device quickly. Therefore,

the GPS chip would remain switched off, until the movement of the user was detected

through the other location sources. Imaginary circular regions around the user’s

current location would serve as triggers for the switching the GPS chip on and off.

The application would request location information from these sources based on two

parameters, d and t, which stand for Minimum Distance and minimum time.

Minimum Distance refers to the distance in meters the user has to travel before

another request is sent. Similarly, Minimum Time refers to the time in milliseconds

that have to pass, for the application to make another location request. The values of d

and t can be changed to suit specific needs.
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Figure 2: Travel Helper Application Design

Received location information is stored on a single comma separated text file locally
on the device. Each location point is recorded on a new line for easy data processing
at a later stage. The information available from each location point is described in the
Data Product section. The text file is then transmitted to a pre-setup server at regular
intervals. Currently, this interval is set to 24 hours. Once the transmission receives a

successful response, the text file is cleared, to save space locally on the disk.

2.1.3 Implementation Issues

Even though there are many advantages in having a mobile phone (or smartphone)

application that collect location data, this system is a long way from being adopted in



a large scale. It is worth discussing some of the major problems in smartphone-based

surveys through the issues that this research has experienced.

Battery Life: Battery life continues to drive much of the design of portable computing
devices combined with GPS. These devices are used on a daily basis for various kinds
of activities such as calling, entertainment, gaming etc. A viable travel survey app
should work on the public’s Smartphones and be capable of gathering required data
without disabling a device’s calling, texting or browsing functions or rapidly
depleting its battery. Hence the power consumption of Travel Helper is kept as low as

possible while not hindering the accuracy of the information collected.

Varying Smartphone Platforms: In the US, over 50 percent of smartphones are
running on the Android operating system, with smaller shares of 10S, RIM and
several other platforms. Though most smartphones carry the same features, the
interaction between the system and sensing technologies such as GPS varies across
different platforms. Travel Helper on Android works completely different when
compared to that on the 10S. With the increase in adoption of smart devices in the
transportation industry, the functioning of these sensing technologies will be

standardized.

Data Storage and Transmission: Another important concern is the storage of data on
the mobile phone. Interactive tracking apps that store trip data on the device before

uploading to a server may exhaust the device’s available memory. The impact of this



issue is particularly relevant to older smartphones and those that offer limited
database support. Hence, Travel Helper regularly sends data to the cloud and clears
the data on the device after successful transmission. This method then needs to avoid

using limited yet costly Internet data of the phone.

2.1.4 Deployment and Maintenance

The Travel Helper application has been developed for the 10S and Android operating
systems. The Android version can be downloaded from the Google Play Store. The
I0S version, however, is still in the testing phase and only chosen individuals have
access to the application. Applications on both platforms were designed to give the
best user experience while not sacrificing on the objectives of the research. Snapshots

of the application are shown below:

Figure 3: Travel Helper Application Snapshots



Figure 4: Travel Helper User Interface and Features

2.2 Health and Travel Survey

2.2.1 Survey Design

In order to recruit subjects for installing the Travel Helper application, a Health and
Travel Survey questionnaire was prepared. It was designed primarily based on the
annual health survey Behavioral Risk Factor Surveillance System (BRFSS) and other
health surveys by World Health Organization (WHO) and Healthy People. A brief

description of these three surveys is provided below:

The Behavioral Risk Factor Surveillance System is a collaborative project of the
Centers of Disease Control and Prevention (CDC) and U.S states and territories. The
BRFSS is an ongoing data collection program to measure behavioral risk factor for
the adult population (18 years or older) living in households. The BRFSS was

initiated in 1984 collecting data on risk behaviors through monthly telephone



interviews. The BRFSS Questionnaire has three parts, however, the Health and Travel
Survey is limited to the first part, also known as the Core Component. Questions
about the involvement in regular exercise, physical activity, alcohol consumption and

smoking are included in the Core Component of the survey.

2.2.2 Recruitment of Subjects

Considering the above factors, a Health and Travel survey was designed and hosted

online at the Travel Survey website (http://www.travel-survey.org/survey-

participation-11). Subjects were recruited by announcing a reward of $100 for 10

random participants of the survey. Users had to answer the questionnaire online. They
would receive instructions to install the application on their phones. They had to keep
the application running until the application was successful in transmitting at least 4

weeks (28 days) of data.

10
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Chapter 3: Model Specification and Analysis

3.1 Location Data Processing

3.1.1 Data Product Features

A pre-pilot study was done to test the reliability and accuracy of the information
collected by the application. The study involved a sample of University of Maryland
students downloading and using the application. Data was successfully received from
16 subjects (out of 23 installations). The study also helped detect primary errors in the
application and in improving the user experience. The observed application usage and

drop out helped re-design the application to have minimum burden on the user.

Only 46 subjects installed the application and provided data for the expected period
of a minimum of 4 weeks. All subjects are current or recent undergraduate and
graduate students of the University of Maryland. Descriptive statistics of the data
collected from these subjects is shown below. All data was collected in the months of
May — July 2013. The individuals have been ordered based on the number of days of
data received from them, highest being first. The order has been kept the same across

all graphs.

11
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Figure 6: Number of Data Points Recorded Per Day
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A higher number of data points per day indicate that the subject travels a lot. This
happens because the application is optimized to record location information only
when the user is travelling. It can be observed that for most individuals for whom
daily commute may be the only trip for the day, the number of points recorded is

between 50 to 100 points per day.

30

1(5) _I__-__T Tl_l__T___ |

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

=
=

Figure 7: Number of Hours Per Day Captured

For most of the individuals, on average the application is able to capture travel
throughout the day. This shows that the data collected from the application is good

enough to use for travel behavior analysis.

The data collection and transmission methodology in the current version of the
application has been designed while keeping in mind the battery consumption of the
application as well as the required location information to be able to realize the travel

pattern of the user.
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The application requests location information from the GPS chip in the device at
regular time intervals. The frequency of these requests is dependent on whether the
user is understood to be moving or stationary. The chip then returns location data to
the application. The initiation of this request is made when a pre-defined distance is
traversed. As shown in the figure, when a location outside of the circle (with pre-
defined distance radius) is crossed, data is recorded onto a local file system on the
device. Currently, the time and distance intervals are defined as per the user’s state:
1. Moving: Time interval = 2 minutes, Distance interval = 75 meters

2. Stationary: Time interval = 5 minutes Distance interval = 250 meters

The application is capable of collecting location data continuously all through the day
and for long periods without any user intervention. The full-scale study hence aims at
conducting the survey for periods of 2 — 3 months. All recorded data is stored on a
single file on the device. Once a day, this file is sent to a server, consequently
clearing the content for saving space on the device. Data on the server is then

downloaded and analyzed for processing.

Each location point recorded has information on all of the following variables.
Information on the altitude, as an exception, may not be available for all data points:
1. Location: Latitude/Longitude of the point
2. Instantaneous Speed: Speed of the device when recorded

3. Date: Date of the recorded point

14



4. Time: Time of the recorded point accurate to millisecond

5. Accuracy: Accuracy of location information recorded

A sample of the location dataset received from the application is shown below:

Table 1: Sample Travel Helper Location Dataset

Latitude Longitude Speed Accuracy | Time Date
38.984957 -76.949055 | 1.041166 5 19:05:42 | 05/19/2013
38.98487 -76.949133 | 0.807995 5 19:05:46 | 05/19/2013
38.984813 -76.949239 | 0.995833 5 19:06:11 | 05/19/2013
38.98478 -76.949354 | 1.03863 5 19:06:19 | 05/19/2013
38.984733 -76.949472 | 1.055842 5 19:06:25 | 05/19/2013
38.984767 -76.949596 | 0.80183 5 19:06:36 | 05/19/2013
38.984779 -76.949721 | 0.975941 5 19:06:43 | 05/19/2013
38.984762 -76.949842 | 1.089352 5 19:06:50 | 05/19/2013
38.984747 -76.949961 | 0.904442 5 19:07:02 | 05/19/2013

3.1.2 Travel Mode Detection

The travel mode is identified through a hierarchical process. This process is based on

the hierarchical process discussed by Stopher (2007). The hierarchy begins with walk

trips, which are identified based on average speed and maximum speed. Following

this, off-network public transport trips are identified, using the appropriate network

information. The next mode to be identified is bus, which is identified through

average speed, beginning and ending of the trip on a bus route. The remaining trips

15




will be car and bicycle. Bicycle trips have proved to be the most difficult to pin down,
origin of the trip being at home or at a location previously identified as the destination
of a bicycle trip and average speed. The remaining trips are assumed to be by car. If
the destination of the previous trip was not served by car, then it is assumed that the
trip is by car passenger. Otherwise, all trips are assumed at this point to be car driver.
In the future, further tests can be introduced to determine if there are other household
members with an identical trip by time, route, and origin and destination location,

which would allow identification of additional car passenger trips.

3.1.3 Analysis Methodology

The data collected from the mobile application is then analyzed to identify travel
behavior attributes that are critical for individual behavior analysis. Closely spaced
latitude longitude points hugely represent locations where the user has spent a lot of
time or has visited frequently. Hence clustering algorithms are used to greatly
improve the time required to process the dataset. Locations where the user has spent
more than 6 hours, or in other words been stationary or hasn’t moved significantly,
are considered as important places of interest. Duplicate and closely spaced points are
clustered around these important places of interest. A step-by-step illustration of the

methodology used for analysis is shown below:

16
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Figure 8: Location Data Analysis Methodology

3.2.1 Standard Health Measures

3.2 Modeling Travel-Behavior Health Linkages

The World Health Organization implemented World Health Survey in 2002-2004 in
partnership with 70 countries to generate information on health of adult populations
and health systems. Healthy People provides science-based, 10-year national
objectives for improving the health of all Americans. According to Healthy People,
there are four foundation health measures that are used to monitor promoting health,

preventing disease and disability, eliminating disparities and improving quality of




life: General Health Status, Health-Related Quality of Life and Well-Being,

Determinants of Health and Disparities.

The following measures of the General Health Status provide information on the
health of a population:

1. Physically Unhealthy Days

2. Self-assessed health level

3. Chronic Disease Prevalence

4. Limitation of Activity

3.2.2 Model Specification

The model is specified as a linear regression model. It is designed to help explore the
dependency of the four general health measures (listed above) on travel behavior,
demographics, and diet and exercise habits. An additional variable Body Mass Index
will be measured to observe the “Obesity level” in the subjects. Body Mass Index is
calculated using weight (in kilograms) and height (in meters) using the formula:
BMI = weight / (height) 2

The entire list of dependent and independent variables is shown below. Information
on General Health Status variables, Individual Healthy Behavior variables and
Demographics are collected through the survey. Travel Behavior variables are

imputed from data collected by the application.

18



Table 2: Model Specification

Dependent Variables

Independent Variables

General Health Status

Individual Healthy Behavior

Physically Unhealthy Days
General Health Level
Chronic Disease Prevalence
Limitation of Activity
Obesity Level (BMI)

Diet

Physical Activity
Regular Exercise
Alcohol Use
Tobacco Use

Demographics

Age

Gender

Race

Income
Education Level

Travel Behavior

Commute Duration
Commute Distance
Commute Mode
Time Spent in Travel
Trips made per Day

Physically Unhealthy Days refers to the number of physically unhealthy days that the
subject has experienced in the last one month. General Health Level is a self-assessed
health status on a scale of 1 to 10 as reported as part of the online survey. Chronic
Disease Prevalence and Limitation of Activity are binary variables that describe the
existence of disability or a chronic disease in the subject. Obesity Level is measured

as the body mass index of the individual.

Diet habits are categorized into how frequently the subject follows a diet. He/she
might rarely follow a diet or follow a diet every day. Hence, Diet is specified as
multiple dummy variables in the model. Race, Income and Education Level are also

specified as multiple dummy variables. Physical Activity refers to the number of

19




hours spent on physical activities and sports in a week, while Regular Exercise is a

binary variable describing whether the subject spends consistent time on exercise.

20



Chapter 4: Findings

4.1 Profile of Survey Respondents

All subjects of the pre-pilot study as well as the ongoing pilot are undergraduate and
graduate students of the University of Maryland. A total of 149 students signed up
through the online survey through the entire period of the pre-pilot as well the current
ongoing pilot. However, only 46 students were able to collect the minimum required
data for the project. The percentage of males was 65% (females were 35%). The
median age of the population was 22 years. The following tables contain income and

race distribution statistics of all entries received through the web-survey.

Income Range
80

70

60

50

40

30

20

10 -

0 - i - i - i . i - -

Lessthen $10,000to $15,000to $20,000to $25,000to $35,000to $50,000to More than
$10,000 $15,000 $20,000 $25,000 $35,000 $50,000 $75,000 $75000

Figure 9: Income Distribution of Survey Respondents
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Race

80
70
60
50
40
30
20
10
0 . == .
Native American
Non- Hispanic Black or Hawaiian Indian or
Hispanic ba African Asian or Other Other
. White . . Alaska
White American Pacific ;
Native
Islander
i Frequency 49 9 6 76 0 1 8

Figure 10: Race Distribution of Survey Respondents
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Education

graduate)

Grade 12 or GED (High school

College 4 years or more

(College graduate)

B

Post Graduate

Figure 11: Education Level Distribution of Survey Respondents
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4.2 Multiple Regression Analysis

Presented below are the results of the multiple regression model specified in the
Health and Travel Survey section with travel behavior data from the pilot study of
University of Maryland student subjects. All of them being students, the income
levels, education and age are pretty much similar across the whole sample. As a
consequence of the sample’s prevalent homogeneity and small size, most of the
coefficients are not significant. The coefficients only for some variables are presented
in the table below. Variables not presented, were either insignificant or were

irrelevant with regards to the particular sample of the study.

Data on Chronic Disease Prevalence and Limitation of Activity (Disability) variables
was collected through the Online Health and Travel Survey. However, the sample did
not consist of subjects with any chronic disease and/or disability. Therefore, these
variables were omitted from the model used here. Commute Distance, on the other
hand was found to have a high correlation with Commute Duration and hence,

Commute Distance was removed from the model.

Table 3: Regression Results (Unhealthy Days)

Standard
Coefficients Error LCL UCL t Stat | p-level
Intercept -1.88 539 | -15.15 11.38 -0.35 0.73
Bike -0.42 1.44 -3.98 3.13 -0.29 0.77
Bus/Rail 0.08 1.34 -3.21 3.37 0.06 0.95
Auto 0.50 1.72 -3.73 4.72 0.29 0.77
Commute Time 0.09 0.04 -0.02 0.19 2.05 0.05
Trips / Day 0.87 0.34 0.04 1.71 2.57 0.02
Non-ldle Hours / Day -1.50 0.86 -3.62 0.62 -1.74 0.09
Alcohol Use 0.33 0.16 -0.07 0.72 2.03 0.05

Physical Activity Hours /

Week -0.07 0.05 -0.19 0.04 -1.56 0.13
Rare Diet 0.59 1.03 -1.93 3.12 0.58 0.57
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1 Day Diet -0.04 1.10 -2.76 2.67 -0.04 0.97
3 Day Diet -0.39 1.16 -3.24 2.47 -0.33 0.74
Everyday Diet 1.58 1.37 -1.80 4.95 1.15 0.26
Age 0.00 0.25 -0.63 0.62 -0.01 0.99
Gender 0.52 0.97 -1.88 2.92 0.53 0.60
Graduate 0.58 1.96 -4.25 5.40 0.29 0.77
Post Graduate -0.25 2.49 -6.39 5.88 -0.10 0.92
Table 4: Regression Results (General Health)
Standard
Coefficients Error LCL UCL t Stat | p-level
Intercept 5.91 3.03 -1.54 13.36 1.95 0.06
Bike 0.30 0.81 -1.70 2.30 0.37 0.71
Bus/Rail -0.09 0.75 -1.94 1.76 -0.12 0.91
Auto -0.77 0.96 -3.14 1.61 -0.79 0.43
Commute Time -0.05 0.02 -0.11 0.01 -2.06 0.05
Trips / Day -0.19 0.19 -0.66 0.28 -0.99 0.33
Non-ldle Hours / Day 0.76 0.48 -0.43 1.94 1.57 0.13
Alcohol Use -0.01 0.09 -0.23 0.21 -0.14 0.89
Physical Activity Hours /
Week 0.04 0.03 -0.03 0.10 1.45 0.16
Rare Diet -0.30 0.58 -1.72 1.12 -0.52 0.61
1 Day Diet 0.37 0.62 -1.16 1.89 0.59 0.56
3 Day Diet 0.89 0.65 -0.72 2.49 1.36 0.18
Everyday Diet 0.69 0.77 -1.20 2.59 0.90 0.37
Age 0.10 0.14 -0.25 0.45 0.67 0.51
Gender 0.36 0.55 -0.98 1.71 0.66 0.51
Graduate -0.22 1.10 -2.93 2.49 -0.20 0.84
Post Graduate -0.16 1.40 -3.61 3.29 -0.11 0.91
Table 5: Regression Results (Body Mass Index)
Standard

Coefficients Error LCL UCL t Stat | p-level

Intercept 17.65 7.90 -1.80 37.09 2.23 0.03
Bike 2.63 2.12 -2.58 7.84 1.24 0.22
Bus/Rail 2.39 1.96 -2.44 7.22 1.22 0.23
Auto 3.29 2.52 -2.90 9.48 1.31 0.20
Commute Duration 0.09 0.06 -0.06 0.25 1.49 0.15
Trips / Day -0.24 0.50 -1.46 0.99 -0.47 0.64
Travel Hours / Day -0.88 1.26 -3.99 2.22 -0.70 0.49
Alcohol Use 0.12 0.24 -0.46 0.70 0.51 0.61
Activity Frequency -0.06 0.07 -0.23 0.10 -0.92 0.37
Rare Diet -0.36 1.50 -4.07 3.34 -0.24 0.81

1 Day Diet -0.12 1.61 -4.10 3.85 -0.08 0.94

3 Day Diet 1.07 1.70 -3.12 5.25 0.63 0.54
Everyday Diet -1.25 2.01 -6.19 3.70 -0.62 0.54
Age 0.26 0.37 -0.65 1.18 0.71 0.48
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Gender 0.75 1.43 -2.77 4.26 0.52 0.61
Graduate -1.97 2.87 -9.04 5.11 -0.68 0.50
Post Graduate -3.66 3.65 -12.66 5.33 -1.00 0.32
Table 6: Regression Results (Combined)
Standard
Coefficients Error
Intercept (Unhealthy Days) -1.88 539 R=0.62
Bike -0.42 144 R2=0.39
Bus/Rail 0.08 1.34
Auto 0.50 1.72
Commute Duration 0.09 0.04
Trips / Day 0.87 0.34
Non-ldle Hours / Day -1.50 0.86
Alcohol Use 0.33 0.16
Physical Activity Hours /
Week -0.07 0.05
Intercept (General Health) 591 3.03 R=0.60
Bike 0.30 0.81 R2=0.36
Bus/Rail -0.09 0.75
Auto -0.77 0.96
Commute Duration -0.05 0.02
Trips / Day -0.19 0.19
Non-ldle Hours / Day 0.76 0.48
Alcohol Use -0.01 0.09
Physical Activity Hours /
Week 0.04 0.03
Intercept (BMI) 17.65 790 R=0.50
Bike 2.63 212 R2=0.24
Bus/Rail 2.39 1.96
Auto 3.29 2.52
Commute Duration 0.09 0.06
Trips / Day -0.24 0.50
Non-ldle Hours / Day -0.88 1.26
Alcohol Use 0.12 0.24
Physical Activity Hours /
Week -0.06 0.07

In the above table, coefficients that are significant are in bold. Two coefficients that

have a p-value close to 0.1 have also been made bold. All the significant variables

have coefficient values, which are synonymous with what one would expect

theoretically.
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The number of physically unhealthy days one would have if his commute duration
were longer would be higher. Similarly, subjects who consume alcohol are expected
to feel physically sick more number of times than who do not and the results agree
with it. Number of trips taken per day, and hours spent in physical activities during
the week also has supporting coefficient values. The coefficient of Time Spent in
Travel, however, suggests that as the subject spends more time in travelling, the
number of physically unhealthy days shall decrease. This is true when looked at
smaller values of overall time spent in travel. For example, in the base case scenario
of the model, the subject doesn’t travel at all. The negative value of the coefficient
indicates that, compared to a subject who stays at home/work and doesn’t move about
socializing and participating in physical activities, the individual who travels will

have better physical health.

Significant variables for General Health Level also support the theoretical
understanding of the relationship between the two. As the commute duration
increases, the subject would feel more stressed mentally and physically, thereby
bringing down his self-assessed health level. Once again, time spent in travel presents
a strange case, which is true when compared with people who don’t travel at all.

There were no significant variables, however, for Obesity Level.

Even though the coefficients of the Commute Mode are insignificant, it is hard not to

notice their values for all three dependent variables. All values are as one would

expect; more number of physically unhealthy days for people who commute via
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automobiles along with the least general health level and considerate increase in the
body mass index. Other variables shown in the table, such as Alcohol Use, Physical

Activity and number of trips taken per day also have values that support theory.
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Chapter 5: Conclusions

The purpose of this study was to explore the potential relationship between the
individual’s travel behavioral patterns and his/her healthy living habits through
empirical results. There is a lack of research, which links personal level health data to
the individual’s travel behavior, and the objective of this study to address this gap.
For this purpose, a smartphone application was developed that is capable of capturing
rich travel behavior data for long periods without the need of user intervention. A
survey was also designed that can collect information about the individual’s health
behavior. Finally, a model was specified that helps explore the linkage between
general health measures and everyday health habits as well as the travel patterns of

users.

However, the limitations of this research are well understood. A low value for the R-
squared measure shows that the model is weak. Hence, future research should
experiment with models such as logarithmic and exponential to achieve a better
dependence of the “y” variable on the “x” variable. The sample of the pilot study was
homogenous and small. This resulted in most variables showing insignificance in
contributing the health measure of the individual. This is part of an ongoing research
and future studies shall overcome this aspect. A full-scale study shall be designed and

conducted where participants shall be tracked for long periods of up to 2 years. Data
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from this study shall be analyzed against their health information to analyze long-

term negative and positive impact on health.

The application itself, serves as a great platform to generate data products as we move
towards increased collaboration between the software industry and transportation
industry. Improvements will be made to Travel Helper to facilitate real-time and
continuous location transmission to server databases. This will enable applications in

the field of security and emergency services.
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Chapter 6: Recommendations

It is important to discuss the following aspects, which further limit this exploratory
research and the significance of the results. Future researchers should consider
implementing models which accommodate the below thoughts, or at least, address

their importance in trying to achieve realistic travel behavior models.

6.3.1 Gradient for Walking and Cycling

Cycling is more economical than walking on level ground. This ranking however
does not hold when moving on a gradient. Ardigo, Sabiene and Minetti (2003) have
investigated this ranking to find that cycling was the mode of choice only below 10-
15% gradient, while above it walking was the least expensive locomotion type. Mode
choice of travelers is hence dependent on the gradient of the route taken. This study,
however, doesn’t take into account this effect of gradient on the choice of mode in
travelling to work or school everyday. It is important to highlight that the choice of
walking and biking modes indicates that the subject may be willing to expend
considerable physical effort, especially when the route includes positive gradient.
Particularly in the case of University of Maryland, where this study has been
conducted, many routes towards places of work and school have significant gradient
attributes. This may have influenced the choice of the subjects in choosing other

comfortable modes.

30



6.3.2 Causality

The results indicate that subjects who commute using active modes have a greater
overall health level compared to those who do not. Subjects who are observed to have
alcohol and tobacco use are also observed to have lower health levels. It is important
to understand the causality of these variables on the dependent health variable. Past
studies have tried to understand the direction of this causal relationship. People who
spend a lot of time using active travel modes may be choosing these modes because
of their good health and good physical fitness. On the other hand, use of active travel
modes may help increase the general health levels of individuals. This relationship

needs to be understood at a deeper level before making conclusive decisions.

6.3.3 Avoiding Sample Bias

In principle, a survey could cover all individuals in the interested section of
population. If all subjects being interviewed could provide perfect answers, we could
measure all indicators with perfect accuracy. However, due to a limited amount of
time and money, only a sample of the population is interviewed. To avoid any sample
bias, a large enough sample needs to be considered for estimates to be precise. The
results of this study are limited due to the sample homogeneity and size. The health
survey received a total of 149 respondents from a huge student base in the University
of Maryland. This low response indicates a selection bias, which may have resulted

from the type of questions asked in the survey. Health-related questions, especially
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those inquiring the obesity level and the use of alcohol or tobacco often result in

potential subject opting out of surveys and hence creating a selection bias.

Only 46 subjects were able to provide the required amount of data of 4 weeks from
the smartphone application. This low ratio of successful data responses shows that,
once again, a bias may have been created among the overall survey respondents.
Subjects who did not want to be tracked would have selected themselves out of the
study. Monetary incentives though provided may however not be enough to attract

subjects to participate in the survey.

Below are some practices to be followed to avoid any potential sample bias:
1. Do not choose subjects exclusively from particular groups
2. Do not restrict the sample to households or individuals from a certain
residential location
3. Have a large enough sample to reduce the potential to have a biased sample
4. Accommodate for sampling errors that may have resulted in case of observed

sample bias

6.3.4 Dependent Health Variables

The model developed in this study uses a combination of three health variables,
General Health Level, Number of Physically Unhealthy Days and Obesity Level. The
relative importance of these variables is however not explained. Hence, observations

cannot be made about one subject having a better overall health level than another.
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Few studies, if any, have outlined standard health measures for individuals. National
surveys such as Healthy People have listed a combination of health measures which
have to be reported together to make any conclusions regarding the health status of
individuals:

1. General Health Level

2. Number of Physically Unhealthy Days

3. Chronic Disease Prevalence

4. Limitation of Activity or Disability

5. Obesity Level

Attributes 3 and 4 can be measured less frequently than the other, however, their

values have higher relative importance. Future models have to be designed keeping

this in mind so as to develop reliable health and travel behavior policies.
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Appendix A: Health and Travel Survey

Demographics (Socio-Economic Variables)

1. Age
a. ____yrs
2. Gender
a. Male
b. Female

3. Which one of the groups would you say best represents your race?
Non-Hispanic White

Hispanic White

Black or African American

Asian

Native Hawaiian or Other Pacific Islander

American Indian or Alaska Native

Other

@rooo0ow

4. What is your marital status?

Married

Divorced

Widowed

Separated

Never Married

A member of an unmarried couple

o o0 o

5. What is the highest grade or year of school you completed?

Never attended school

Grades 1 through 8 (Elementary)

Grades 9 through 11 (Some high school)

Grade 12 or GED (High school graduate)

College 1 year to 3 years (Some college or technical school)
College 4 years or more (College graduate)

o Qo0 o

6. What is your current employment status?
a. Yes, I am currently employed
b. No, I am currently unemployed

7. Which category does your income from all income sources fall in?
a. Less than 10,000
b. 10,000 to 15,000
c. 15,000 to 20,000
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20,000 to 25,000
25,000 to 35,000
35,000 to 50,000
50,000 to 75,000
More than 75,000

S@ oo

8. About how much do you weigh without shoes in pounds?
a. __ __pounds

9. About how tall are you without shoes?
a. _ _feet__inches

General Health (Self-assessed)

10. What would you say your general health is on a scale of 1-10, 1 being poor
and 10 being excellent?
10

o Se@ e oo T
P NWPMOITO N0 O

11. For how many days during the past 30 days was your physical health not
good?
a. __ Number of days
b. None

12. Based on your physical fitness, how often do you feel tired?
Twice a week or more

About once a week

About once a month

Once in a few months

Rarely

Never

mP o0 o

13. Based on your most recent doctor’s visit, how often do you feel weak in your
upper respiratory system like having a running nose?
a. Twice a week or more
b. About once a week
c. About once a month
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d. Once in a few months
e. Rarely
f. Never

14. How often do you feel stressed or have difficulty falling asleep?
Twice a week or more

About once a week

About once a month

Once in a few months

Rarely

Never

o o0 o

15. Has a doctor, nurse or other health professional ever told you that you had any
of the following?

Heart Attack also called myocardial infarction

Angina or Coronary heart disease

Stroke

Asthma

Skin Cancer

Other types of Cancer

Acrthritis

(COPD) Chronic obstructive pulmonary disease

Diabetes

—SQ@ P Q0T

Exercise (Physical Activity)

16. During the past month, other than your regular job, did you participate in any
physical activities or exercises such as running, calisthenics, golf, gardening,
or walking for exercise?

a. Yes
b. No

17. What type of physical activity or exercise did you spend the most time during
the past month?
a. [Describe the activity here]

18. On average, how much time (in hours per week) do you spend on this
activity?
a. __hours

19. What other type of physical activity gave you the next most exercise during
the past month?

a. [Describe the activity here]
b. No other activity

Disability
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20. Do you have any health problem that requires you to use special traveling
equipment, such as a cane, a wheelchair, a special bed, a special telephone, or
a special car?
a. Yes
b. No

Food and Dietary Habits

21. How often do you try to stick to a regular diet or food habit?
| follow a strict diet everyday

| follow a diet for more than 3 days a week

I follow a diet on one day a week

I rarely follow any food habit or diet

I do not follow any diet

Pop o

22. Would you call your diet a healthy diet?
a. Yes
b. No

Alcohol Use / Drinking

23. During the past 30 days, how many days per week or month did you have at
least one drink of any alcoholic beverage such as beer, wine, a malt beverage
or liquor?

a. __ Days per week
b. __ Days in past 30 days
c. No drinks in past 30 days

24. One drink is equivalent to a 12-ounce beer, a 5-ounce glass of wine, or a drink
with one shot of liquor. During the past 30 days, on the days when you drank,
about how many drinks did you drink on the average? NOTE: A 40-ounce
beer would count as 3 drinks, or a cocktail drink with 2 shots would count as 2
drinks.

a. __ Number of drinks

25. Considering all types of alcoholic beverages, how many times during the past
30 days did you have X (X =5 for men, X =4 for women) or more drinks on
an occasion?

a. __ Number of times
b. None

26. During the past 30 days, what is the largest number of drinks you had on any

occasion?
a. ___ Number of drinks
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Tobacco Use / Smoking

27. Have you smoked at least 100 cigarettes in your entire life?
a. Yes
b. No

28. Do you now smoke cigarettes every day, some days, or not at all?
a. Everyday
b. Some days
c. Notatall

29. How long has it been since you last smoked a cigarette, even one or two
puffs?

Within the past month

Within the past 3 months

Within the past 6 months

Within the past year

Within the past 5 years

Within the past 10 years

10 years or more

@rooo0oTw
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Appendix B: Sample Application Code

/**
* This Receiver class is used to listen for Broadcast Intents that announce
* that a location change has occurred. This is used instead of a
LocationListener
* within an Activity is our only action is to start a service.
*/
public class LocationChangedReceiver extends BroadcastReceiver {

protected static String TAG = "LocationChangedReceiver";
/**
* When a new location is received, extract it from the Intent and
use
* it to start the Service used to update the list of nearby
places.
*
* This Is the Active receiver, used to receive Location updates
when
* the Activity is visible.
*/
@Override

public void onReceive(Context context, Intent intent) {
String locationKey = LocationManager.KEY_LOCATION_CHANGED;
String providerEnabledKey = LocationManager.KEY_PROVIDER_ENABLED;
if (intent._hasExtra(providerEnabledKey)) {
ifT (lintent.getBooleanExtra(providerEnabledKey, true)) {
Intent providerDisabledIntent = new
Intent(PlacesConstants.ACTIVE_LOCATION_UPDATE_PROVIDER_DISABLED);
context.sendBroadcast(providerDisabledIntent);

}

}
it (intent._hasExtra(locationKey)) {
Location location =
(Location)intent.getExtras() .get(locationKey);
Log.-d(TAG, "Actively Updating place list");
Intent updateServicelntent = new Intent(context,
PlacesConstants.SUPPORTS_ECLAIR? EclairPlacesUpdateService.class :
PlacesUpdateService.class);

updateServicelntent.putExtra(PlacesConstants.EXTRA_KEY_LOCATION, location);
updateServicelntent.putExtra(PlacesConstants_EXTRA_KEY_RADIUS,
PlacesConstants.DEFAULT_RADIUS);

updateServicelntent.putExtra(PlacesConstants.EXTRA_KEY_FORCEREFRESH, true);
context._startService(updateServicelntent);
}
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