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Abstract 

This study analyzed the complex travel behavior of transit users by expanding conventional trip-
based approaches by considering full activity-travel tours and patterns as basic units of analysis. 
A tour was defined as a sequence of trips that begins and ends at home and a pattern was 
defined as ŀƴ ŜƴǘƛǊŜ ŘŀȅΩǎ sequence of activities and associated travel. We considered basic 
descriptive analyses to first analyze work toursτthe tours that contain at least one work 
activityτof transit commuters and then used Structural Equation Modeling to identify the 
factors that determine the work tour choices. Latent Class Analysis (LCA) was then used to 
describe the pattern behaviors of all transit users. The results obtained using the 2017 National 
Household Travel Survey dataset suggested that 80 percent of work tours consisted of seven 
dominant tours and that work tour choice was influenced by a set of socio-demographics, built 
environment, and activity-travel characteristics. The LCA model suggested that transit users can 
be divided into five distinct classes, namely regular 9-to-5 commuters, after-work stop 
commuters, multimodal multiple trip makers, morning non-work travelers, and recurrent 
transit users, where each class had a representative activity-travel pattern. The results can help 
transit agencies to identify transit user groups with particular activity patterns and to consider 
market strategies to address user travel needs and to improve the quality of services provided. 
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Analysis of Activity-Travel Patterns 
and Tour Formation of Transit Users 

Executive Summary 

The complexity of travel behavior has evolves over time as travelers respond to various activity 
demands and the changing supply environment, measured by congestion, cost, and emerging 
technologies. Complexity in travel behavior is often manifested by an increasing tendency to 
chain several activity purposes within a tour to minimize total travel time and the number of 
trips. In response, travelers seek more flexible travel modes to complete their complex travel 
demand. While personal vehicles arguably provide the most flexibility in terms of managing 
travel needs, a more sustainable mode of transport is public transit. However, public transit 
often offers less flexibility and mobility services than a private car in chaining activities due to 
temporal and spatial constraints such as fixed routes and schedules, transfer requirements, 
waiting times, and access/egress issues. Its widespread adoption is arguably dependent on its 
ability to offer effective chaining of activities as well as trips. Unfortunately, little is known in 
the context of American travel about the complex travel behavior of transit users. Our goal was 
to address this research gap. In this study, we explored the tour formation and overall activity-
travel patterns of transit users. Here, a tour was defined as a sequence of trips that begins and 
ends at home and contains at least one out-of-home activity. A pattern was defined as the 
complete sequence of activities and trips made over a full 24-hour day.  

The first objective of this research is to analyze how and when public transit commuters 
incorporate non-work activities within their work tours, constrained by factors such as work 
time commitments, transit operating characteristics, and access/egress issues. In particular, we 
identified dominant patterns of work tours made by transit commuters and analyze these tours 
using a set of activity-travel analytics and data from the 2017 National Household Travel Survey 
(NHTS). The primary insights were: (1) about 80 percent of work tours consist of seven 
dominant patterns whereas the remaining 20 percent of tours demonstrate a total of 106 
diverse and more complicated patterns; (2) half of the transit work tours are complex; (3) most 
simple tours are transit-only tours whereas most complex tours are multi-modal tours; and (4) 
transit use is more complex than the traditional home to work commute with a diverse set of 
choices at various stages of activity scheduling. These study findings are discussed in Chapter 2.  

The second objective was to analyze the activity pattern behavior of transit users by 
using a comprehensive approachτLatent Class Analysis (LCA). In particular, we identified latent 
classes of transit users based on heterogeneity in activity-travel patterns and then associated 
those classes with socio-demographic characteristics of transit users in the class. Based on the 
2017 NHTS data, the LCA model suggested that the transit users can be divided into five distinct 
classes where each class had a representative activity-travel pattern. Class 1 constituted 
primarily employed white males who make transit-dominant simple work tours. Class 2 was 
primarily composed of white females who make complex work tours. Employed millennials 
comprised Class 3 and made multimodal complex tours. Class 4 represented younger non-white 
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and older adult groups who made transit-dominant simple non-work tours. Last, Class 5 
members made complex non-work tours with recurrent transit use and primarily comprised 
single older women. In addition, we observed the activity-travel patterns of four disadvantaged 
groups of transit users, namely people who lived in (1) carless households, (2) low-income 
households, (3) rural areas, and (4) who were older adults. We found that these disadvantaged 
groups used transit differently than non-disadvantaged groups. More specifically, these groups 
of people typically used transit in non-work activity-travel patterns. Detailed discussion is 
provided in Chapter 3.  

Finally, we developed a tour choice model to characterize public transit commuters 
(who) based on the complexity of work tours and also to assess the impacts of demographic, 
location, and activity-travel factors on the likelihood of a transit commuter choosing a 
particular type of work tour (why). Based on 2017 NHTS data, a Structural Equation Model 
(SEM) was developed. The results suggested that married men with no children and high 
vehicle ownership living in low-density areas tended to make simple work tours while single, 
non-millennial women with children who live in high-density neighborhoods were more likely 
to make complex work tours. Also, millennial white males with higher income and higher 
education who are living in denser areas were more likely to make complex tours with work-
based sub-tours. Moreover, denser residential neighborhoods, flexible work schedules, and 
private vehicle availability in work tours were observed to increase the propensity of making 
any kind of complex tours. Chapter 4 presents these research outcomes. 

Transit agencies can benefit from the research findings on tour formation and daily 
activity-travel patterns of transit users by developing market strategies to address transit users 
travel needs and thus to improve the quality of transit serviced provided.  
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Introduction  

Public transit is considered a sustainable mode of transportation that can reduce automobile 
dependency and thus can mitigate some of the negative consequences of automobile use, 
including congestion, air pollution, and energy consumption (Federal Highway Administration, 
2018). However, with operations typically based on fixed routes and fixed schedules, public 
transit offers lower flexibility and mobility services than automobiles, particularly in satisfying 
complex travel needs (Hensher and Reyes, 2000) and thus is considered a less attractive mode 
to many potential users. A better understanding of daily activity-travel patterns of transit users 
is needed to allow transit operators to evaluate their services and to implement strategies to 
attract more people to transit.  

In recent years, a wealth of research has been completed that focused on techniques to 
ŜȄǘǊŀŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘǊŀƴǎƛǘ ǳǎŜǊΩǎ Řŀƛƭȅ ŀŎǘƛǾƛǘȅ-travel patterns by mining transit smart card 
data (Ma et al., 2013; Ma et al., 2017; Bhaskar and Chung, 2014; Morency et al., 2007; Chu and 
Chapleau, 2010; El Mahrsi et al., 2014; He et al., 2020). These studies mostly covered the data-
ƳƛƴƛƴƎ ǇǊƻŎŜŘǳǊŜ ōǳǘ ŘƛŘ ƴƻǘ ŎŀǇǘǳǊŜ ǘƘŜ ǳǎŜǊΩǎ ŀŎǘǳŀƭ ŀŎǘƛǾƛǘȅ-travel patterns, with a few 
exceptions (e.g., Goulet-Langlois et al., 2016). Also, the insights on activity-travel patterns were 
derived either from Australian, Asian, Canadian, or European contexts. Thus, our knowledge of 
activity-travel patterns and tour formation of transit users in the US context has been limited. 
Our goal in this study was to address this research gap. 

 More specifically, this study investigated the complex activity-travel patterns and tour 
formation of transit users. Here, the term pattern referred to a complete sequence of activities 
(in-home and out-home) and trips made by an individual over a full day whereas tour, a basic 
unit of a full pattern, was defined as a sequence of trips that begins and ends at the same 
location (here, at home) and contains single or multiple activities. Tours can be constructed 
with different degree of complexity based on how many different activities are involved in a 
tour (more precisely how many non-home locations a tour entails). A simple tour started and 
ended at home and includes a single non-home activity. If the activity performed was work, 
then it was a simple work tour; for any other activity type, it was a simple non-work tour. On 
the other hand, a tour containing more than one non-home activity location was defined as a 
complex tour. If all non-home activities were work, then the tour was a complex work tour; if all 
the non-home activities were non-work, then the tour was a complex non-work tour. Complex 
tours can also combine work and non-work activities in the same tour, in which case they were 
deemed work-non-work mixed tours (Rafiq and McNally, 2020a). The detailed classification of 
tours are shown in Figure 1a and Figure 1b. 
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Figure 1. Defining simple and complex tours 

 

 

(a) (b) 

 Since work activities are less flexible, employed people with a non-home work activity 
typically made at least one work tour (either work-only or work-nonwork mixed) and then 
aligned their non-work activities with respect to that tour. Non-work activities could be 
performed as separate non-work tours or as a part of a work-nonwork mixed tour, in five ways: 

1. before work: non-work performed before starting the first work tour of the day by 
making a non-work (simple or complex) tour 

2. way to work: when an individual has started his work tour but did not yet reach the 
workplace and performed non-work activities on the way 

3. during work: non-work activities that are performed outside workplace but the person 
returned to workplace after completing them 

4. way to home: non-work activities that are performed as the person is on his way to 
home from the workplace but has not reached home yet 

5. after work: non-work activities that are performed by making separate non-work tours 
after returning home from work. 

This report is organized as follows. Chapter 1 discusses the relevant literature on transit 
users. Chapter 2 describes the data and sample used in the research and present detailed trip 
characteristics and tour formation (particularly work tours) of transit users. Chapter 3 outlines 
the activity-travel patterns of transit users and transportation disadvantaged groups. Chapter 4 
summarizes the factors that govern the choice of a particular type of work tour. Conclusions, 
limitations, and policy implications are discussed in Chapter 5.  
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Chapter 1: Literature Review 

This section provides an ƻǾŜǊǾƛŜǿ ƻŦ ǇǊŜǾƛƻǳǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ŦƻŎǳǎŜŘ ƻƴ ǘǊŀƴǎƛǘ ǳǎŜǊǎΩ 
demographics, travel characteristics, and trip chain behavior.  

1.1 Socio-demographic and Travel characteristics of Transit Users  

In a recent study, the APTA (2017) summarized the dominant characteristics of transit users as 
aged between 25 to 54 years (79%), employed (71%); belonging to a 1- or 2-person household 
(57%); women(55%); and white (40%);. It has been observed that ethnic minority groups 
depend more on public transit than the white population (Grahn et al., 2019). Differences in 
socio-demographic characteristics were observed between bus and rail riders. For example, the 
level of education of rail riders was greater than that of bus riders (70% versus 42% who have at 
least a bachelor's degree) and rail riders were more likely to be employed than their bus rider 
counterparts. Household income of rail riders tended to be higher than for bus riders (Taylor 
and Morris, 2015; APTA, 2017; Grahn et al., 2019; Buehler and Pucher, 2012). Since rail riders 
have higher household incomes and thus have a greater availability of vehicles, they thus have 
a higher chance of having a ŘǊƛǾŜǊΩǎ license than bus riders. While rail riders were more likely to 
be white than black, bus riders had an equal distribution between these racial groups (APTA, 
2017).  

In addition to the differences between bus and rail riders, heterogeneity among transit 
users might exist due to the variation in trip characteristics, daily activity-travel patterns, tour 
formation attributes, attitudes, preferences, transit service quality, and residential location 
attributes. In previous studies, heterogeneity waǎ ƻōǎŜǊǾŜŘ ōŀǎŜŘ ƻƴ ǘǊŀƴǎƛǘ ǳǎŜǊǎΩ ŀǘǘƛǘǳŘŜǎ 
and preferences toward transit (Zhou et al., 2004; Iseki and Smart, 2012; Krizek and El-Geneidy, 
2007), residential neighborhood typeǎ ŀƴŘ ǳǎŜǊǎΩ ŀǘǘƛǘǳŘŜǎ όbŀƳƎǳƴƎ ŀƴŘ !ƪŀǊΣ нлмрύΣ ǎǇŀǘƛŀƭ 
and travel behavioral features (Ou and Cai, 2018), and user characteristics and service quality 
(Bordagaray et al., 2014).  

The socio-demographic and travel characteristics of various transit disadvantaged 
groups, such as senior citizens, low-income households, and people living in rural areas were 
also considered in prior studies. For example, Yang and Cherry (2017) examined the socio-
demographic characteristics of rural transit users and observed that these users tended to be 
non-white, captive riders (had difficulty in finding alternative transport modes), had lower 
personal and household income, and owned fewer cars. Giuliano (2005) observed the role of 
transit in the travel behavior of low-income households and found that these households were 
auto-dependent rather than transit-dependent (transit was used only for a small portion of 
their travel). The limited availability and lack of service quality made transit a poor substitute 
for a private vehicle for these households. Those who used transit regularly had the lowest level 
of mobility among all population segments. The use of public transit among older adults was 
explored by Hess (2009) who found that older adults who are male, non-white, and belong to 
low-income households were more likely to make frequent transit trips.  
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Next, we discuss some major characteristics of transit trips. According to APTA (2017), 
public transit was predominantly used to travel to or from the workplace (49% trips). The 
second most frequent trip purpose was shopping (21%). While rail riders were more likely to 
indicate their trip purpose as getting to or from work, bus riders were more likely to use transit 
for traveling to or from school, medical or dental appointments, or other purposes (e.g. picking 
up a car from service appointments, business appointments). The majority of riders used transit  
five days per week. Most of these users (more than two-thirds) chose to walk either to access a 
station (access) or to reach a destination (egress).  

Identifying gaps from previous literature 

Despite the complexity of an individual's activity-travel patterns, the overall transit user 
population may fall into a small number of heterogeneous sub-groups, each with a defined 
representative activity-travel pattern. However, previous studies did not consider such 
heterogeneity in terms of user trips or tour/pattern characteristics nor in a combination with 
their demographics. Identification of potential transit market groups with representative daily 
activity-travel patterns may help transit operators to understand user demand for activities as 
well as travel and to implement market strategies that address a particular group of users to 
meet their travel needs and to improve quality of service. Prior research examined the socio-
demographic and travel characteristics of selected groups of transit disadvantaged groups. 
However, these studies did not focus on the full activity-travel patterns of these groups, an 
aspect that is likely very important in understanding activity-travel needs over various periods 
of the day.  

1.2 Trip Chain Behavior of Transit Users 

Prior works that considered trip chaining or tour behavior of transit users focused on a variety 
of issues. Hensher and Reyes (2000) found in Sydney, Australia that the likelihood of public 
transit usage decreased with the change of a tour from simple to complex. Based on a limited 
number of socio-demographic variables, they regressed the utility of a simple and complex tour 
(work or non-work) associated from either car or public transit usage. Krygsman et al. (2007) 
investigated, in the context of the Netherlands, the causal relationships between travel mode 
choice (car or public transit) and the insertion of intermediate activities before, in between, or 
after a work activity within a work tour. The authors concluded that the inclusion of an 
intermediate stop for non-work activity before or after work tended to decrease public transit 
utility but increased car utility. Moreover, they found that for home-based work tours, activity 
decisions were made before deciding travel mode whereas Islam and Habib (2012) observed 
that trip chaining and mode choice decisions were made simultaneously for work tours. Yun et 
al. (2014) observed a negative association between the complexity of trip chains (measured by 
stop frequency) and transit usage for work tours in Zhongshan, China. 

In contrast, Currie and Delbosc (2011) found in Melbourne, Australia that trip chains 
made by public transit appeared more complex than those undertaken by car particularly for 
non-work tours. However, the opposite relationship was found for work tours. Primerano et al. 
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(2008) observed that in Adelaide, Australia all forms of mass public transport tours involved a 
higher numbers of activities compared to private car-based tours. The authors argued against 
the hypothesis of Hensher and Reyes (2000) that public transit is not flexible for complex trip 
chaining. They instead suggested that the nature of complex trip chaining behavior for public 
transit users is different rather than inflexible. With public transit, users can access destinations 
comprising a mix of land uses in close proximity to one another whereas travelers using a 
private car can access activities located at multiple destinations that are not necessarily close to 
each other. This statement was reinforced by Ho and Mulley (2013). Based on the Sydney 
Household Travel Survey data, the authors showed that public transit usage in tours increased 
as the number of activities located in close proximity to one another chained into a tour 
increased (yielding a multiple purpose single destination tour). These results suggested that 
chaining multiple activities in tours does not necessarily hinder public transit usage but an 
unfavorable spatial distribution of activity locations might do so.  

By challenging the traditional notion of a positive association between car usage and the 
complexity of trip chaining and identifying the importance of regional variability in trip chain 
behavior, Susilo and Kitamura (2008) suggested that in Osaka, Japan transit commuters tended 
to chain trips more often and make more stops than car commuters. Based on onboard transit 
ridership survey data collected in Indiana and Ohio, US, and the results of univariate analysis, 
Bernardin Jr et al. (2011) suggested that transit tours were at least as complex as tours by other 
modes. They also found that the complexity of transit work tours was highly dependent on 
income and vehicle ownership of the commuter, for instance, low-income transit commuters 
were observed to make more complex tours than affluent commuters.  

Identifying gaps from previous literature 

In summary, previous studies only addressed the interrelationships between the complexity of 
activities and the utility of alternate mode usage with a primary focus on private vehicles and 
public transit. In recent years, many studies have been conducted (using data from China, 
Canada, Australia, and Europe) focused on techniques for extracting information on transit 
ǊƛŘŜǊǎΩ Řŀƛƭȅ ŀŎǘƛǾƛǘȅ-travel patterns by mining transit smart card data (Ma et al., 2013; Ma et al., 
2017; Bhaskar and Chung 2014; Morency et al., 2007; Chu and Chapleau, 2010; El Mahrsi et al., 
2014; He et al., 2020). These studies mostly covered the data-mining procedure but did not 
ǊŜŎƻƎƴƛȊŜ ǘƘŜ ǊƛŘŜǊǎΩ ŀŎǘǳŀƭ ŀŎǘƛǾƛǘȅ-travel patterns with few exceptions (e.g., Goulet-Langlois et 
al., 2016). Moreover, these insights on transit activity-travel patterns or trip chain behavior 
were derived either from Australian, Asian, or European contexts. Therefore, our knowledge of 
travel behavior of transit users from an activity- or tour-based perspective in the US is rather 
limited.  

1.3 This Study in the Context of Previous Literature 

The purpose of this study was to perform an in-depth analysis of the activity-travel patterns and 
tour formation of transit users in the US context. More precisely, our research goals were as 
follows: 
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¶ To analyze how and when public transit users incorporate different non-work activity 
demands within their work tours, constrained by work time commitments, transit 
operating characteristics, and access/egress issues. 

¶ To develop a tour choice model to characterize public transit commuters (who) based 
on the complexity of work tours and to assess the impacts of various demographic, 
location, and activity-travel factors on the likelihood of a transit commuter to choose a 
particular type of work tour (why). 

¶ To identify latent classes of transit users based on the heterogeneity in daily activity-
travel patterns and tour formation.  

¶ To analyze the activity-travel patterns of transit disadvantaged groups, such as zero 
vehicle owners, older adults, low-income households, and people living in rural areas.  
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Chapter 2: Empirical Analysis of Tours Utilizing Transit 

Public transit usually offers less flexibility and mobility services than a private car in chaining 
activities due to temporal and spatial constraints such as fixed routes and schedules, transfer 
requirements, waiting times, and access/egress issues. Its broader adoption and usage are 
arguably dependent on its ability to offer effective chaining of activities and trips. To better 
understand the demographic, trip, and tour characteristics of transit users, we explore tour 
formation and the overall activity-travel patterns of transit users via comprehensive univariate 
analyses, which are presented in the following sections.  

2.1 Transit Users and Transit Commuters: Data and Sample 

The 2017 National Household Travel Survey (NHTS) provides information on travel by US 
residents in all 50 states and the District of Columbia (Federal Highway Administration, 2017), 
including data on trips made by all modes of travel (private vehicle, public transportation, 
pedestrian, biking, etc.) and for all trip purposes (travel to work, school, recreation, etc.). The 
dataset contains the following four data tables: 

¶ Households (socio-economic and location characteristics of surveyed households) 

¶ Persons (demographic characteristics of all household members) 

¶ Trips (over 24-hours by all household members 5 or older and trip-related attributes) 

¶ Vehicles (vehicles used by the responding households)  

The NHTS dataset contains 129,696 households consisting of 264,234 persons who took a 
total of 923,572 trips. For this study, we identified public transit users as those individuals who 
start their first trip from home and end their last trip at home and who used public transit for at 
least one trip segment1. A choice of travel mode is treated as public transit if it is any of the 
following: public or commute bus, city-to-city bus, subway/elevated/light rail/streetcar, and 
Amtrak/commuter rail. This yields a final sample of 4,994 individuals who made a total of 
20,222 trips where almost half of the trips are made by transit (10,011). We identified transit 
commuters as those individuals who are at least 18 years old, perform at least one work 
activity, and used public transit in at least one trip segment within their home-based work 
tours. This resulted in a subsample of 2,448 individuals. Home-based work tours are formed by 
linking person trip sequences that start and end at home and contain at least one work activity. 
The result was a total of 2,454 home-based work tours. 

2.2 Demographics of Transit Users 

Who are domestic public transit users? Table 2.1 summarizes household, personal, and location 
characteristics of selected transit users who used a transit mode for at least one trip segment.  
 

 
1 When a trip involves a change of modes, each mode defines a trip segment. 
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Table 2.1 Descriptive statistics of transit users (N = 4,994) 

Variables Percentage of users (%) 

Household characteristics  

Household size  
Household size = 1 29.4 
Household size = 2 34.7 
Household size > 2 35.9 

Number of household vehicles  
     Number of vehicles = 0 36.2 
     Number of vehicles = 1 29.7 
     Number of vehicles > 1 34.1 
Monthly household income (USD)  
    Low income (less than $35K)  37.3 
    Middle income ($35K to $100K)  29.2 
    High income ($100K or more) 31.2 
Presence of child aged 0-17  19.0 
At least one vehicle per licensed driver  48.1 

Personal characteristics  

Age groups  
Younger group (below 18 years) 6.6 
Millennials (18 ς 38 years) 33.8 
Generation X (38 ς 58 years) 32.3 
Older adults (more than 58 years) 26.1 

Gender: Male  48.6 
Employment status: Employed 62.2 
Race: white  59.3 
Type of transit use  

Commuter rail 42.7 
Public bus 62.4 

Location characteristics  

Population density (persons per sq. mile) in census block group 
     Low density (0-2000) 17.1 
     Medium density (2000-10000) 42.5 
     High density (>10000) 40.4 
MSA has a rail connection 50.7 

 
 In terms of household characteristics, a majority of transit users have more than two 
persons per household (35.9 percent) and belong to a lower income group (annual income less 
than $35K USD) (37 percent). Few of these households have children aged 17 years or lower (19 
percent) and 51.9 percent are car deficient households (less than one car per licensed driver). 
The age distribution of transit users is similar for millennials (18 - 38 years) and Generation Xers 
(38 - 58 years) and there is a considerable fraction of older adults among users (26 percent). 
Most of the transit users are White (59.3 percent), employed (62.2 percent), and live in medium 
to high-density areas.  
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2.3 Trip Characteristics of Transit Users 

What are the characteristics of individual trips made by transit users? Figure 2.1 shows that 
transit is utilized for a considerable fraction of work (24 percent) and return home trips (38 
percent). Shopping or running errands (14 percent) is also a common trip purpose of transit. 
Only 5 percent of trips are made by transit to go to school or religious activity. Note that we did 
not consider school bus as a public transit category. Transit is occasionally used for transporting 
someone (pick up/drop off) or going to a restaurant or medical facility.  
 
Figure 2.1 Distribution of transit trips by activity purposes 

 
 
Next, we investigate how the demand for transit trips for three activity purposes -- 

work, non-work, and return home -- varies over time-of-day. Figure 2.2 shows that the overall 
demand for transit, represented by the fraction of trips made by transit, is similar (about 30 
percent) for all conventionally defined time periods during daytime (i.e., AM peak, midday, and 
PM peak period). Trip purpose, however, varies among these three time periods. For example, 
during the AM peak period (6 am ς 10 am), a majority of transit trips are made for work 
purposes (about 17 percent) whereas the higher fraction of midday (10 am ς 3 pm) trips are 
made for non-work purposes (15 percent), and the dominant share of PM peak (3 am ς 7 pm) 
transit trips represents return home trips (20 percent). Since transit services are typically 
unavailable or operate with lower frequency during the late evening through early morning (7 
am ς 6 am), it is not surprising to observe a lower fraction of transit trips (11 percent) during 
this period.  
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Figure 2.2 Distribution of trip purpose by time of day 

 
 

The fraction of people traveling by activity purposes can be displayed in a time in motion plot in 
Figure 2.3 which compares travelers making trips by (a) all modes versus (b) public transit-only.  
 
Figure 2.3 Time in motion plot by trip purpose  

  

(a) Traveler by all modes (b) Traveler by public transit 

 
Note that we categorize trip purposes into four groups: (1) work: work- and work-

related trips; (2) maintenance: school/daycare/religious activity, medical/dental services, 
buying goods, buying services, other general errands, and drop off/pick up someone; (3) 
discretionary: go out for a meal, snack, carry-out, recreational activities, and visiting friends or 
relatives; and (4) return home. Figure 2.3 shows that travelers typically commute to work 
during the AM peak period and return home during the PM peak period (Figure 2.3a). Transit 
riders demonstrate a similar trend but with higher peaks (Figure 2.3b). The higher peaks for 
work and return home trips indicate that among transit riders, the majority of travelers are 
employed and use transit regularly, primarily for work and return home purposes. Maintenance 



Analysis of activity-travel patterns and tour formation of transit users 
 

20 
 

trips are observed to occur at a constant rate throughout the day except in the evening period 
(Figure 2.3a). When travelers use transit for maintenance purposes, a similar trend is observed 
with a slight variation in the late midday and PM peak periods (Figure 2.3b). For discretionary 
trips, no prominent difference appears between trips made by all modes and trips by transit-
only. 

Mode use behavior of transit users by trip purposes is shown in Figure 2.4. For any trip 
purpose, the majority of trips are observed to be made by public transit except for discretionary 
purposes. A similar fraction of trips (about 12-13 percent) is reported to be made by transit for 
both work and maintenance purposes. The second most frequent mode used by transit users to 
access any activity is walking, followed by private vehicles.  

 
Figure 2.4 Distribution of travel mode by trip purpose 

 

2.4 Demographics of Transit Commuters 

Table 2.2 summarizes the household, personal, and location characteristics of the selected 
transit commuters who used a transit mode in at least one trip segment of the full home-based 
tour. In terms of household characteristics, transit commuters had on average two persons per 
household, 77 percent had a car available (42 percent have more than one) and 44 percent 
belonged to a higher income group (annual income exceeds $100K USD). A majority were car 
sufficient households (57 percent had at least one vehicle per licensed driver) but few of these 
households had children aged less than or equal to 17 years (16 percent). The age distribution 
of transit commuters was similar in number for millennials (18-38 years) and non-millennials 
(above 38 years) and males and females were an equal share of transit commuters. Most 
transit commuters were White (66 percent), worked full-time (84 percent), had flexibility in 
work arrival time (53 percent), and lived in metropolitan areas that have rail connections (59 
percent), relatively few in the sample were Hispanic (11 percent), immigrants (23 percent), or 
had multiple jobs (8 percent).  
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Table 2.2 Descriptive statistics of transit commuters 

Variables Mean Std. Dev. 

Total respondents 2,448 

Household characteristics 

Household size 2.42 1.26 
Number of household vehicles   
     Number of vehicles = 0 0.23 0.42 
     Number of vehicles = 1 0.35 0.48 
     Number of vehicles > 1 0.42 0.49 
Monthly household income (USD)   
    Low income (less than $35K)  0.21 0.40 
    Middle income ($35K to $100K)  0.35 0.48 
    High income ($100K or more) 0.44 0.50 
Home ownership (Own = 1, Others = 0) 0.54 0.50 
Presence of child aged 0-17 (Yes =1, No = 0) 0.16 0.37 
Number of adults 2.03 0.87 
At least one vehicle per worker (Yes =1, No = 0) 0.56 0.50 
At least one vehicle per licensed driver (Yes =1, No = 0) 0.57 0.50 

Personal characteristics 

Age groups (Millennials: 18-38 yrs. = 1, Others = 0)  0.43 0.50 

Gender (Male =1, Female = 0) 0.51 0.50 
Type of employment (Full time=1, Part time=0) 0.84 0.37 
Flexibility in work arrival time (Yes=1, No=0) 0.53 0.50 
Multiple job status (Yes=1, No=0) 0.08 0.28 
Occupation (Prof., managerial or technical = 1, Others = 0) 0.62 0.48 
Education (at least some college degree = 1, Others = 0)  0.87 0.34 
Hispanic or Latino status (Yes = 1, No = 0) 0.11 0.31 
Race (White = 1, Others = 0) 0.66 0.47 
Immigration status (Yes = 1, No = 0) 0.23 0.42 
Employment status of spouse or partner   
     Has employed spouse or partner 0.48 0.50 
     Has non-employed spouse or partner 0.12 0.32 
     No spouse or partner 0.40 0.49 
Captive rider: no vehicle or no driving license or give up 
driving for medical condition (Yes=1, No=0) 

0.34 0.47 

Location characteristics 

Population density (persons per sq. mile) in census block group 

     Low density (0-2000) 0.18 0.38 
     Medium density (2000-10000) 0.41 0.49 
     High density (>10000)  0.41 0.49 
MSA rail status (Have rail = 1, Does not have rail or 
household not in MSA = 0) 

0.59 0.49 

Distance from home to workplace (mile) 21.89 110.05 
Proximity to transit station   
    Trip time to transit station (min.) 9.72 8.79 
    Trip time from transit station (min.) 12.52 14.63 
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2.5 Trip and Tour Characteristics of Transit Commuters 

A tour is a sequence of trips that starts and ends at the same location and contains one or more 
activities performed at single or multiple destinations. If the starting and ending location in 
question is home, the tour is deemed a home-based tour. Since our study involves working 
individuals, we are interested in home-based tours that contain at least one work location 
outside home. These are called home-based work tours. A home-based work tour is called a 
simple work tour if it contains only one work activity but no non-work activity, thus having an 
activity sequence of Home-Work-Home.  

 A home-based work tour may also contain non-work activities. These tours are called 
work-nonwork mixed tours. Here, these mixed tours are subdivided into complex work tours 
and complex tours with a work-based sub tour. Complex work tours contain non-work locations 
ŀŎŎŜǎǎŜŘ ƻƴ ǘƘŜ ǿŀȅ ǘƻ όΨǿŀȅ ǘƻ ǿƻǊƪΩύ ƻǊ ŦǊƻƳ ǿƻǊƪ ό'way to home'). Multiple work locations 
can be visited on a tour and these are also considered in this tour category.  

 Work-based tours involve visiting non-work locations 'during work' (such as during a 
lunch break). When a home-based tour is combined with a work-based tour, we refer to as 
complex tour with a work-based sub-tour. Both simple and complex work tours have exactly 
one circuit whereas complex tour with work-based sub-tour has two or more circuits: one 
circuit between home and work, and (at least) one circuit with work as a base.  

 Figure 2.5 shows the general construct of these tour types, with the type differences 
emanating from the degree to which non-work activities are mixed with work. For instance, 
simple work tours do not involve any non-work at all, complex work tours involve non-work 
stops on the way to work and/or on the way to home, and work-based tours can have non-
work stops in any or all of these three ways. To represent the different types of tours, we 
produced a graphical model where activity locations are vertices labeled as H (home), N(non-
work) and W (work) depending on where the activity is performed and an arrow between two 
vertices denotes a trip between the corresponding locations.  

A tour type is a generic representation of performing work and non-work activities and 
can be realized in many possible ways. Any specific realization of a tour of a certain type is 
called a tour pattern or simply a pattern. For example, H-W-H is a pattern of realizing a home-
based simple tour (which happen to be the only pattern for this particular type) and H-N-W-H 
and H-W-N-N-H are sample patterns of home-based complex tours that involve one non-work 
on the way to work and two non-work activities on the way to home. As a mean of representing 
patterns of any kind, we denote each pattern as a 3-tuple (a, b, c) where the three whole 
numbers (including zero) indicate the number of non-work activities involve on the way to 
work, on the way to home, and from work and back to work respectively. Hence, the three 
patterns mentioned can be denoted as (0, 0, 0), (1, 0, 0) and (0, 2, 0), respectively. We used this 
notation when we identify the most dominant tour patterns from data for our study group. 
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Figure 2.5 General construct of home-based work tours 

 

 

 

After extracting tour attributes from the data, we identified which work tour patterns 
appeared most frequently. To ensure a sufficient sample of at least 50 observations in each 
pattern, we identified seven dominant patterns that represented 80 percent of the total work 
tours. The remaining 20 percent of these tours were labeled as "other." Figures 2.6 and 2.7 
display the identified seven patterns. The simple work tour was deemed pattern 1. Those 
patterns that represents complex work tours were deemed pattern 2, with four sub-categories 
deemed as patterns 2a, 2b, 2c, and 2d based on the order of non-work activities. Last, complex 
tours with a work-based sub-tour were deemed as pattern 3, with two sub-categories patterns 
(patterns 3a and 3b). We also identified a complex tour pattern comprising 70 observations (2.8 
percent of the total). This pattern included two work but no non-work activities. Since NHTS 
data does not provide location data, it was not possible to identify the precise nature of these 
work activities. Therefore, these tours weǊŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ άƻǘƘŜǊέ ŎŀǘŜƎƻǊȅΦ 

Figure 2.7 shows the fraction of tours for each of the three primary pattern types. The 
largest group were simple work tours (49 percent). Complex work tours constituted the next 
most frequent group (32 percent) with sub-category patterns 2a and 2b (33 and 15 percent). 
This suggests that travelers who perform non-work activities as part of a work tour tended to 
do so primarily on the way home from work. Among all pattern types, complex tours with a 
work-based sub-tour comprised 19 percent of all HBW tours, with patterns 3a and 3b 
constituting 43 percent and 13 percent of these tours, respectively.  

  

N*: zero or any number of non-work 

N+: one or more non-work 

W+: one or more work 

Shaded portion can repeat  
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Figure 2.6 Seven dominant patterns of work tours: simple work tours (1), complex work tours 
(2a, 2b, 2c, 2d), and complex work tours with work-based sub-tours (3a, 3b) 

Simple 
(0, 0, 0) 

 

 

Complex 
(*, *, 0) 

 

Work-based 
(*, *, +) 

 

Figure 2.7 Fraction of different work tours 
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2.5.1 Simple work tour 

This section discusses the socio-demographic and travel characteristics of travelers making 
simple work tours. 

2.5.1.1 Socio-demographic characteristics 

The distribution of socio-demographic characteristics of travelers who make simple work tours 
is shown in the spider plot in Figure 2.8. The prevailing socio-demographic characteristics in this 
category of tours were males living with spouse or partner who belong to households that have 
at least two workers and no children (aged between 6 and 17) and have more than one vehicle 
(the respondent being the primary driver of one of those vehicles). These individuals reported 
less flexibility regarding work arrival time. 
 
Figure 2.8 Socio-demographic characteristics of travelers in simple work tours 

 
 
2.5.1.2 Temporal distribution of trips 

The temporal distribution of activities, ƻǊ ΨǘƛƳŜ ƛƴ ƳƻǘƛƻƴΩ ƻŦ ǘǊŀǾŜƭŜǊǎ, for pattern 1 is displayed 
in Figure 2.9. The figure shows the fraction of respondents who traveled to a work, non-work, 
or return home activity by time-of-day. Note that the figure covers all trips made in an entire 
day, not only the work tour trips. While simple work tours do not include non-work activities, 
such activities could be part of home-based non-work tours performed either before or after 
the work tour. For simple work tours, such non-work purposes can be seen in the PM peak and 
evening periods. 
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Figure 2.9 Time in Motion for three activity purposes in simple work tours 

 

2.5.1.3 Modal distributions 

Each simple work tour had two trips: from home to work and from work to return home. Table 
2.3 shows the distribution of tours by travel mode for these tours. The table also shows the 
mean travel time for the associated mode. Note that a trip may have multiple travel modes; if 
so, the primary mode (which had the highest proportion of travel time) is reported in the table. 
We observe that public transit was predominantly used in both legs of most simple work tours 
(in about 90 percent of these tours). A small fraction of tours had both trips made by private 
vehicles (~5 percent) or on foot (~1 percent).  
 
Table 2.3 Percentage of tours and average duration for trip modes in simple work tours 

 
H-W-H (n= 1196)  

Fraction of tours     Mean travel duration (min.) 
H-W W-H   H-W W-H 

Single mode 97.6 97.1 --- --- 
Multiple modes 2.4 2.9 --- --- 
Primary mode *  

Public transit 92.9 88.7 62.8 68.6 
Walk 0.3 1.3 37.3 32.1 
Private vehicle 5.3 7.9 16.4 24.5 
Ride-hailing 0.7 1.3 34.0 29.1 
Other 0.9 0.8 46.5 48.7 

Notes: Home-based work tours were identified by individuals who used transit in at least one  
trip segment. * If multiple modes were used in a trip, only the primary mode was reported. 

 

Now that we identified which trips were made by which modes, we examined when 
those trips started and how they spanned a 24-hour day. Figure 2.10 plots trips color-coded by 
trip purpose with the x-axis showing departure time of day and the y-axis showing the mode 
used. Furthermore, dots are color coded based on the purpose for which the trip was made 
(red for work, green for nonwork and blue for returning home). The horizontal axis is also 
segmented into conventional travel periods: AM peak (6 am to 9 am), Midday (9 am to 3 pm), 
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PM peak (3 pm to 7 pm), and Evening (after 7 pm). Notice that for simple work tours, transit 
demand was higher in both the AM and PM peak periods. Transit departure times tended to be 
earlier than for other modes (at least for travelers who used transit for at least one trip on a 
work tour).  

 
Figure 2.10 Modal distributions by three trip purposes in simple work tours 

 

2.5.1.4 Modal sequence by tour 

While the preceding discussion focused on mode use for each trip independently, we now 
consider mode usage as a sequence within a tour to illustrate how transit commuters connect 
modes in their work tours. For this, we represent the modes chosen in all trips in a sequence 
diagram such as shown in Figure 2.11. Instead of showing all sequences that may exist for tours 
of a certain pattern (which could be fairly large for tours involving multiple trips), we counted 
how many times a given modal sequence appears and report only the top three frequent 
sequences.  
 
Figure 2.11 Frequent modal sequences in simple work tours 

   

Most frequent sequence  
(83% tours) 

Second-most frequent 
sequence (5% tours) 

Third-most frequent 
sequence (1% tours) 
 

 



Analysis of activity-travel patterns and tour formation of transit users 
 

28 
 

The top three frequent modal sequences for simple work tours were (transit, transit), 
(transit, car), and (car, transit) that constitute about 83 percent, 5 percent, and 1 percent of 
tours, respectively, as shown in Figure 2.11. That means, in about 83 percent of home-based 
simple tours, transit was used for both the work-bound and home-bound trips, nearly 5 percent 
of tours involved transit in the first trip and private vehicle in the return leg, and about 1 
percent of tours involved the reverse mode choice. In the latter two modal sequences, travelers 
reported being car passengers, which denotes a pick-up or drop off by family members or 
friends. On average travel by transit took about 63 minutes to work in the morning peak period 
and about 69 minutes to return home in the evening peak period, as compared to 16 minutes 
and 25 minutes by private vehicle, respectively (cf. Table 2.3).  

2.5.1.5 Frequency of transit with other modes 

Next, we were interested in examining the frequency of transit use with other travel modes at 
an aggregate level. Figure 2.12 depicts a pie chart for simple work tours, each of which used 
transit for at least one trip segment. Transit was also used in combination with walk (PT&WK), 
private vehicle (PT&PV), other modes (excluding walk and private vehicle, PT&Others), or any 
two or more combinations of modes. The share of transit only tours (PT only) dominates (83 
percent) for simple work tours.  

Figure 2.12 Frequency of transit with other modes in simple work tours 

 

2.5.2 Complex work tour 

For complex work tours, four dominant patterns (2a, 2b, 2c, and 2d) were identified. This 
section represents the properties of each of the identified patterns. 

2.5.2.1 Socio-demographic characteristics 

Figure 2.13 depicts the distribution of socio-demographic characteristics for complex tours 
(pattern group 2) relative to simple tours (pattern 1). Travelers who made complex work tours 
were most typically females with medium or high income. They reported more than two 
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members in their household, were typically the only worker in the household, and had 
flexibility in their work arrival time. Their households tended to have at least one vehicle but 
the traveler was not considered the primary driver of that vehicle. They reported having more 
children between 6 and 17 years of age in their household compared to simple tour makers. A 
higher percentage of this group of travelers belonged to the non-millennial group (age > 38 
years), and a lower percentage reported living with a spouse or partner.  
 
Figure 2.13 Socio-demographic characteristics of travelers in complex work tours 

 
 

2.5.2.2 Temporal distribution of trips 

The time in motion plots for complex work tour makers are shown in Figure 2.14. Conventional 
temporal patterns defined by individual activity starting times are identifiable in the first few 
figures but the distributions for more complex tours clearly illustrate the chaining effects before 
or after a work activity. An earlier initial departure time from home by travelers who made non-
work activities before the work activity (patterns 2b and 2d) is shown in Figure 2.14. Of interest, 
complex tours with one non-work stop on their return home (pattern 2a) had a bimodal 
distribution of return home times, peaking between 6 pm and 8 pm. This suggested that some 
travelers also had a home-based non-work tour that was performed after the work tour. 
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Figure 2.14 Time in Motion for three activity purposes in complex work tours 

  

2a. H-W-N-H (n= 262) 2b. H-N-W-H (n= 118) 

  

2c. H-W-N-N-H (n= 64) 2d. H-N-W-N-H (n= 52) 

 
2.5.2.3 Non-work activity type and duration 

A complex work tour may involve multiple trips and one or more non-work activities. To 
analyze these tours in depth, we examined the mode and travel duration for each trip in a tour 
as well as the activity purpose and duration for each non-work activity within the tour. Tables 
2.4 and 2.5 present these results for the four identified patterns in group 2, including how non-
work activity purposes and the amount of time spent on them differed across these patterns, 
particularly when non-work activities aligned themselves with respect to work. We focus on 
attributes of non-work activities and defer the discussion on modes to the next section. 

For complex tours where travelers make a single non-work stop on the return home 
(pattern 2a), shopping (buying goods or services) was the most frequent activity (occurring in 
about 40 percent of these tours) and with an average duration of about 37 minutes. On the 
other hand, for non-work activity on the way to work (pattern 2b), the most common activities 
were pick up/drop off or buying a meal. Such activities were of shorter duration (about 6 
minutes for pick up/drop off and about 11 minutes for buying meals) whether due to implied 
time constraints on the journey to work or simply the nature of these activities.  
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For travelers who performed two non-work activities on the return home (pattern 2c), 
most reported a shopping activity as the first non-work stop (on about 34 percent of tours), 
with the next most frequent non-work task being buying meals (in about 19 percent of tours). 
The same two non-work activity purposes dominated in the second non-work stop. With 
respect to activity duration, travelers spent on average of 26 to 48 minutes for shopping and 
about 57 to 72 minutes for buying meals (substantially greater than meals prior to work). This 
difference is likely due to both greater flexibility after work and the cultural nature of meals by 
time of day (with after work meals often involving family or friends).  

 
Table 2.4 Percentage of tours for trip modes and non-work activities in complex work tours 

 
2a. H-W-N-H  2b. H-N-W-H 2c. H-W-N-N-H 2d. H-N-W-N-H 

N = 262 N= 118 N = 64 N = 52 

H-W W-N N-H H-N N-W W-H H-W W-N N-N N-H H-N N-W W-N N-H 

Single mode 97.3 96.2 98.1 99.2 93.2 97.5 100 98.0 100 96.9 98.1 96.2 98.1 96.2 

Multiple modes 2.7 3.8 1.9 0.8 6.8 2.5 0.0 1.6 0.0 3.1 1.9 3.8 1.9 3.8 

Primary mode*   

Public transit 89.7 64.8 35.2 45.8 57.6 72.9 85.9 54.7 23.4 26.6 38.5 61.5 76.9 23.1 

Walk 3.4 16.1 20.7 23.7 28.8 6.8 3.1 15.6 23.4 18.8 26.9 28.8 13.5 32.7 

Private vehicle 4.6 16.1 39.1 29.7 12.7 12.7 6.3 18.8 48.4 51.6 30.8 7.7 7.7 38.5 

Ride-hailing 1.5 1.5 4.2 0.0 0.0 5.9 3.1 6.3 3.1 3.1 1.9 0.0 0.0 1.9 

Other 0.8 1.5 0.8 0.8 0.8 1.7 1.6 4.7 1.6 0.0 1.9 1.9 1.9 3.8 

Non-work activity                             
School/Daycare/Religious    4.6 

 
10.2 

   
6.3 4.7 

 
9.6 

 
5.8 

 

Medical/Dental   5.0 
 

2.5 
   

4.7 1.6 
 

3.8 
 

1.9 
 

Shopping/Errands   39.5 
 

18.6 
   

34.4 42.2 
 

7.7 
 

28.8 
 

Social/Recreational   14.9 
 

5.1 
   

12.5 14.1 
 

1.9 
 

13.5 
 

Pick up/drop off   7.7 
 

24.6 
   

12.5 4.7 
 

38.5 
 

32.7 
 

Buying Meals   16.5 
 

26.3 
   

18.8 26.6 
 

28.8 
 

7.7 
 

Others   11.9 
 

12.7 
   

10.9 6.3 
 

9.6 
 

9.6 
 

Notes:  Home-based work tours were identified by individuals who used public transit in at least 
one trip segment. * If multiple modes were used in a trip, only the primary mode was reported. 

 
Table 2.5 Average duration (minutes) for trip modes and non-works in complex work tours 

Primary mode 

2a. H-W-N-H  2b. H-N-W-H 2c. H-W-N-N-H 2d. H-N-W-N-H 

N = 262 N= 118 N = 64 N = 52 

H-W W-N N-H H-N N-W W-H H-W W-N N-N N-H H-N N-W W-N N-H 

Public transit 56.0 54.1 51.4 47.8 58.3 65.2 55.7 59.5 35.5 44.5 56.1 49.1 51.0 47.6 

Walk 24.0 14.4 18.7 11.2 10.0 31.5 19.5 11.3 10.8 21.5 9.6 8.7 15.9 15.6 

Private vehicle 13.4 39.5 19.4 12.4 12.7 26.7 25.0 33.3 19.2 16.2 14.9 14.5 30.5 26.7 

Ride-hailing 24.5 40.0 21.8 0.0 0.0 32.0 24.0 13.5 19.0 12.5 10.0 0.0 0.0 30.0 

Other 45.0 35.3 17.5 15.0 7.0 13.5 79.0 21.7 8.0 0.0 40.0 17.0 15.0 30.0 

Non-work activity                             
School/Daycare/Religious    266.0 

 
156.9 

   
117.0 122.0 

 
53.0 

 
132.3 

 

Medical/Dental   67.7 
 

125.3 
   

81.7 60.0 
 

67.5 
 

108.0 
 

Shopping/Errands   37.0 
 

20.5 
   

25.6 47.9 
 

5.0 
 

24.9 
 

Social/Recreational   161.4 
 

90.8 
   

95.3 168.3 
 

28.0 
 

140.6 
 

Pick up/drop off   25.6 
 

5.9 
   

13.6 6.7 
 

9.8 
 

12.4 
 

Buying Meals   59.7 
 

11.1 
   

57.3 72.4 
 

10.1 
 

70.0 
 

Others   94.5 
 

80.2 
   

174.6 85.5 
 

63.4 
 

78.8 
 

  

With the case of two non-work activities before and after work (pattern 2d), it is 
interesting to note that the purpose of the two non-work activities appear to be negatively 
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correlated: that is, tasks of a certain type performed before work had a lower chance to appear 
again after work, and vice versa. For example, shopping/errands and social/recreation happen 
less often before work than after work (7.7 percent versus 28.8 percent for shopping and 1.9 
percent versus 13.5 percent for social) whereas buying meals patterns were the converse (28.8 
percent and 7.7 percent before and after work, respectively). The only exception to this trend is 
pick up/drop off, which occurs quite equally in both legs (38.5 percent and 32.7 percent), 
possibly due to picking up a child from school/daycare after work who had been dropped off 
before going to work. The most frequent activity performed on the way to work was pick 
up/drop off. It may be worthwhile to investigate how transit commuters manage to pick 
up/drop off someone on their way to work or way home since use of transit often involves a 
change of modes (access/egress modes) and therefore, does not provide as much flexibility and 
convenience as a private vehicle. 

2.5.2.4 Modal distributions 

Unlike simple work tours, complex tours combine work with non-work activities in a single tour. 
Arguably, private vehicles often provide the most flexibility in complex travel, thus, individuals 
with access to a private vehicle over the duration of a work tour would typically find it flexible 
and convenient to connect non-work activity demands on a work tour. Since public transit often 
operates under greater constraints, it canΩt provide as much flexibility in accommodating non-
work activity stops within a work tour. It remains to be answered how travelers who use transit 
for at least one trip within a work tour manage to connect to non-work activities. 
 
Figure 2.15 Modal distribution by three trip purposes in complex work tours 

  

2a. H-W-N-H (n= 262) 2b. H-N-W-H (n= 118) 
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2c. H-W-N-N-H (n= 64) 2d. H-N-W-N-H (n= 52) 

 
To help understand the modal distribution of trips in complex work tours, we examined 

the top unshaded section of Table 2.4 and the modal distributions plot in Figure 2.15. Travelers 
who had non-work activities on their way to work (pattern 2b) had different mode choices 
returning home than for travelers who performed non-work activities on the way home 
(patterns 2a, 2c, and 2d). Table 2.4 demonstrates that for pattern 2b transit was dominant for 
the return home trip, while for the other three patterns in this category, private vehicles 
dominated on the return home trip. Figure 15 shows that few work tours used ride-hailing 
services or other modes, regardless of trip purpose, when transit was also used on the tour. 
Last, in the two tour categories where a non-work activity occurs on the way to work (patterns 
2b and 2d), a higher fraction of car and walk trips were recorded during the AM peak period 
(Table 2.4 and Figure 2.15).  

2.5.2.5 Modal sequence by tour 

Figure 2.16 shows the three most frequent modal sequences in the identified four patterns of 
complex tours. We also examined the average travel time for each trip by different modes 
within a tour from Table 2.5. Combined, the analysis contributes to the understanding of mode 
usage in activity-travel patterns in terms of activity type and temporal proximity. 

The four patterns of complex work tours showed variations in the sequence of mode 
usage. In pattern 2a, transit was reported as travel mode for all the three trips in the largest 
fraction of tours (about 20 percent), followed by transit to work and non-work trips and then 
private vehicle for the return home trip (about 18 percent). In 15 percent of the tours of this 
pattern type, transit was used for the first two trips and walk was reported for the last trip. This 
case may be attributed to a choice of a non-work activity in close proximity to home (19 
minutes walking time (Table 2.5).  

  












































































































