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This research explains interactions among household members during daily 

activity- and travel-related decision-making process with focus on social-recreational 

activities.  Within the broad spectrum of modeling social-recreational activities and 

travel, this study focuses on three major aspects: Modeling the Generation of Social-

Recreational Patterns, Modeling the Choice of Household Vehicle for Social-

Recreational Tours, and Modeling the Choice of Time of Day for Joint Social-

Recreational Tours. This study uses data from the 2009 National Household Travel 

Survey conducted in the United States for the estimation of all models. The empirical 

scope of this work is largely restricted to the analysis of the behavior of couple 

households (two-adults comprising a male-female couple with or without children).  

In the context of the generation of social-recreational activity patterns, 

interpersonal interactions within a household are largely in the form of trade-offs 

between solo and joint activity participation decisions. This research compares four 

methods, depending on different decision-making units, that are capable of capturing 

such interactions between household heads: multinomial logit models, multilinear logit 

models, parallel choice constrained logit models, and tri-variate binary probit models. 
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We compared the models in terms of predictive abilities and sensitivities to specific 

explanatory factors. 

The next aspect of the research is the modeling of household vehicle choice. Two 

model components are developed that can be applied within any operational activity-

based modeling framework. One allocates each vehicle to a primary driver in the 

household (long-term, household-level model). The second model allocates a vehicle 

for the joint tours (short-term, tour-level model). Both models were estimated using the 

unlabeled binary-logit approach. This study is further limited to households with two-

cars. 

The final component of this research is on the choice of time-of-day for joint tours. 

Joint travel requires the temporal synchronization of travel of all members of the travel 

party. This study describes how the time constraints of multiple persons can be 

effectively accommodated into determining the choice set and, subsequently, the choice 

of timing of joint tours. In this study, an alternate two-step approach is proposed. The 

first model predicts the time-window chosen for pursuing the joint discretionary tour and 

the second model locates the tour within the time window by determining the start- and 

end-times of the tour simultaneously on a continuous scale.  

Overall this research contributes to understanding of the social-recreational 

activity-travel patterns and presents methods to effectively represent these choices 

within a conventional activity-based modeling framework.  
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CHAPTER 1 
INTRODUCTION 

1.1 Background and Motivation 

The past three decades have seen substantial developments, refinements, and 

implementations of the activity-based methods employed for travel modeling. This has 

been motivated by the need to make the models sensitive to a wide range of Travel 

Demand Management and other policy actions (Bhat and Koppelman, 2003). 

In this context, many efforts have been directed towards the modeling of 

mandatory (work/school) travel. The efforts in the context of discretionary (recreational) 

travel are relatively less (Mokhtarian et al., 2006). Further, many models use individuals 

as decision making units. Yet, the role of household interactions in activity-travel 

decision making has also been well recognized (see for example, Srinivasan, 2004; 

Zhang and Fujiwara, 2006; Zhang et al., 2009; Anggraini 2009). In general, the intra-

household interaction behavior can manifest in the form of (1) joint engagement with 

other household members in activities and travel (synchronization), (2) allocation of 

tasks (household chores) for one/more household member to conduct, (3) sharing of 

household resources, and (4) trade-offs between personal-serving and household-

serving travel.  

In the context of discretionary travel, joint engagement in activities and travel and 

the trade-offs people make between solo- and joint- episodes are perhaps the most 

dominant forms of household interactions. To be sure, empirical evidence supports the 

notion that such joint travel by household members represents a substantial portion of 

non-work trip purposes (see for example, Steed and Bhat, 2000; Kato and Matsumoto, 

2009; Sener et al., 2010).  
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In light of the discussions thus far, this research contributes to the modeling of 

household interdependencies in the context of social-recreational activities and travel.  

1.2 Research Objectives 

Within the broad spectrum of modeling social-recreational activities and travel, this 

study focuses on three major aspects: modeling the generation of social-recreational 

patterns, modeling the choice of household vehicle for social-recreational tours, and 

modeling the choice of time of day of travel for joint social-recreational Tours.  

Modeling activity or tour generation is generally the first step in any activity-based 

framework for predicting daily travel patterns. In the context of social-recreational 

activities/travel, it is important to recognize that such activities can be undertaken by 

individuals both independently and jointly with other household members. Thus, the 

model has to reflect the trade-offs made by household members in making such 

decisions. Further, the model should also ensure consistency in the prediction of joint 

episodes. Specifically, if one member of the household is predicted to undertake joint 

social activities, there should be another household person also predicted to undertake 

the same episode. This research compares alternate methods to operationalize such 

interactions and to ensure consistency in overall predictions.   

The next two components of the research focus on joint social-recreational tours. 

Household members choosing to travel jointly to pursue social-recreational activities 

mostly have a choice of household vehicle to be used for the journey. While a larger 

vehicle may be desirable to accommodate all passengers, the associated higher costs 

may also be factored into the decision making. This study builds a model of vehicle 

choice for joint social-recreational travel that considers the needs-cost trade off. An 

unlabeled choice-modeling methodology is used, flexible to deal with a variety of 
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household-vehicle type attributes. A good understanding of household-vehicle usage 

patterns can in turn lead to increased accuracy of vehicle emissions and fuel 

consumption patterns.   

 The final component of this research is on the choice of time-of-day for joint tours. 

Joint travel requires the temporal synchronization of travel of all members of the travel 

party. This study will examine how the time constraints of multiple persons can be 

effectively accommodated into determining the choice set and, subsequently, the choice 

of timing of joint tours.  

This study uses data from the 2009 National Household Travel Survey conducted 

in the United States for the estimation of all models. The empirical scope of this work is 

largely restricted to the analysis of the behavior of couple households (two-adults 

comprising a male-female couple with or without children). 

1.3 Research Organization 

The rest of this research is organized as follows. Chapter 2 presents a review of 

the literature and identifies the major contributions of this study.  Chapters 3, 4, and 5 

include the entire study of social-recreational activity participation pattern, household 

vehicle-type choice for social-recreation joint travel needs, and time-of-day choice for 

social-recreation joint travel, respectively. Each chapter explicitly provides data 

description, modeling framework, discussions of empirical models, and summary at the 

end. Chapter 6 concludes the research with contributions and identifies areas that need 

further study. 
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CHAPTER 2 
REVIEW OF LITERATURE 

2.1 Background 

There is an extensive body of literature on the field of activity-based travel-demand 

modeling (see for example Bhat and Koppelman, 2003; Bhat and Singh, 2000; Fujii et 

al., 1999; Goulias et al., 2011; Jovicic, 2001, Bradley, 2010; PB America, Inc., 2009, 

Wang, 1997). Within this framework, there is also a growing set of studies on the role of 

household interactions and associated methods and empirical models (see for example 

Gliebe and Koppelman, 2002 and 2005; Srinivasan and Bhat, 2006; Scott and 

Kanaroglou, 2002; Zhang et al., 2004, 2005, 2006, 2009; Srinivasan and Athuru, 2005; 

Golob and McNally, 1997; Kato, 2009). To limit the scope of the literature review and to 

position this study in the context of the past research, this chapter is organized to 

correspond to the three major facets of modeling social-recreational activities and travel 

which are the focus of this research. The first section examines the literature on the 

generation of social-recreational activities, joint travel, and the methods to operationalize 

the relevant household interactions. The next section is focused on the allocation of 

vehicles to household members and to tours. Finally, research on modeling the choice 

of time-of-day is discussed.  

Prior to proceeding with a detailed discussion of the literature, it is useful to provide 

a broad definition of the term “social-recreational activities” which is the fundamental 

focus of this study. Some examples of these activities include: go to gym/exercise/play 

sports event/go to bar, and visit public places for historical site/museum/park/library. 

These are also referred to as discretionary or leisure activities in the literature and may 
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be broadly viewed as activities that are undertaken not for reasons of biological 

sustenance (such as work to earn wages and eating to meet physiological needs) or 

household/personal maintenance (such as grocery shopping). Individuals have flexibility 

when these activities are undertaken, where, with whom, and when.    

2.2 Modeling Generation of Social-Recreational Activities and Joint Travel  

Activity generation and associated behavior are influenced by many factors. In the 

context of discretionary activities (i.e., social recreational), we examine the literatures on 

the factors affecting independent- and joint-trips making, and behavioral difference 

between household members based on the travel companions for the joint-trips, and 

investigate discrete-choice modeling methods to operationalize the independent and 

joint choice outcomes. 

Chandrasekharan and Goulias (1999) used the Puget Sound Transportation Panel 

data to study the propensity of people to make solo and joint trips. They started with 

three key motivations: difference between joint-trips and solo-trips, factors affecting solo- 

and joint-trips making, and behavioral difference between the people making only solo-

trips and their counterparts. They identified different type of joint trips based on the 

companions of the trips. The dominant share in joint trip making was trips taken with 

spouses alone (ranged between 35.1-43.0%), children alone (ranged between 23.5-

31.2%), and a combination of spouse and children (ranged between 4.3-8.2%). Formal 

car-pooling arrangements were represented as the third frequent type of joint trip 

making (ranged between 16.6-18.8%). This clearly shows that joint trips are most likely 

to be undertaken with family members (approximately 98%). In the overall, increasing 

number of household sizes with children, a multi-adult older group, and a single 
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household vehicle share were the household demographic characteristics that affected 

more joint trip arrangements. Similarly, the individuals who have been classified as 

professional and a young group were more likely to undertake joint trips. In contrast, the 

individuals classified as a driver in the travel diary were less likely to undertake joint 

trips. Return-home, shopping, personal business were the trip purposes that were found 

most likely to be joint trips.  

In contrast to the previous study, Srinivasan and Bhat (2005) examined companion 

type for leisure activities pursued by individuals jointly with household and non-

household members. The 2003 and 2004 American Time Use Survey data were used to 

investigate the companion types by segmenting to three types of leisure activities (i.e., 

in-home activity and out-of-home activity). The overall shares of joint activities of in-

home episodes were 32.4% during weekdays and 35.3% during weekends, whereas of 

out-home episodes were 47.6% and 71% during weekends, respectively. Furthermore, 

the individuals were more likely to purse in-home episodes along with household 

members on the weekdays, while less likely to pursue out-of-home episodes along with 

them on the same periods.  On the focus of individuals’ companion type choices for 

three types of out-of-home leisure activities (i.e., socializing activity, passive activity, and 

active activity), the longer duration of activities, the more likely to be joint with non-

household members. Similarly, for the socializing and passive activities, weekday 

episodes were more likely to be pursed with non-household members. Whites were also 

found to less likely undertake solo activities for passive/active out-of-home leisure 

activities. For the employment status, employed persons were observed to have a 

higher probability to pursue with other non-household members, irrespective of activity 
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type. In addition, the presence of children affected household members were the most 

favored companions for passive and active leisure. The result indicates that 

consideration of interdependencies is needed not only in a point of intra-household but 

also in a point of inter-household.  

Both the studies examined thus far were largely exploratory. The next set of 

models use methods such as Structural Equations Models (SEMs) to examine. Golob 

and McNally (1997) modeled activity participations and travel duration of the two 

household heads for three broad activity types: work, maintenance, and discretionary 

activities. They examined direct linkage effects divided into four types: the travel 

requirements of out-of-home activities, within-person activity interactions, within-person 

travel interactions, and cross-person interactions. A two-day activity diary data were 

used from the Portland area. For the within-person activity interactions, the negative 

direct effect was found between work activity participation and other two activity 

participations, and between maintenance activity participation and discretionary activity 

participation, especially, maintenance activities of the female head are more sensitive to 

work activities. As the cross-person interaction effect, the more out-of-home work 

activities by the male head, the more maintenance activity participation and travel 

durations by the female head, but the less discretionary activity participation. 

Furthermore, they found that household activity interactions change when children 

become drivers.   

Simma and Axhausen (2001) investigated interpersonal and intrapersonal 

interaction effects with regard to their extent of activity participations (three categories-

work, maintenance, and leisure) and travel distance using the data from Upper Austria. 
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For the interpersonal effects, the more number of female maintenance trips negatively 

impact the extent of female leisure trips. For the intrapersonal effects, the higher extents 

of female leisure trips and male maintenance trips increase the extents of their partner’s 

corresponding trips. The worker-female more likely increases the engagement of 

maintenance trips by male, meaning the male take over some household-labor. In 

contrast, the male-worker does not influence the female’s activity engagement. 

Fujii et al. (1999) examined individual’s discretionary joint activity patterns in terms 

of its travel pattern (trip frequency and time) and its preference (satisfaction) by explicitly 

distinguishing activities jointly or independently. The reveled preference (RP) and stated 

preference (SP) data collected from the Osaka-Kobe metropolitan area in Japan were 

used to construct a structural equations model system. They reported that individual’s 

travel pattern and the satisfaction depend on individual’s joint activity patterns. 

Specifically, more time is allocated to joint out-of-home activities with non-household 

members, in contrast, to joint in-home activities with household members. In addition, 

the amounts of time were observed corresponding to activity types classified by 

companion and location types: in-home joint activities with household members, in-

home joint activities with non-household members, in-home solo activities, out-of-home 

joint activities with household members, out-of-home joint activities with non-household 

members, and out-of-home solo activities. In the overall, the impacts of worker status, 

working hours, person income, and presence of children were compatible with intuitive 

expectations, but as an interested example, a person who belongs to a large household 

tended to spend more time with family, but preferred solo activities.  
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The rest of models to be discussed use varieties of discrete-choice modeling 

methods to model independent and joint choice outcomes both in the context of social-

recreational activities and other choices. There are three broad approaches to 

operationalize household interactions based on the ways of defining a decision making 

unit. The first approach treats the entire household as a decision making unit. This 

approach enumerates all the possible choice combinations from the members of 

household to maximize their utilities at the household-level. The second approach treats 

the individual as a decision making unit. This approach reduces the number of utility 

functions, compared to the household-level since the proportional share of a given 

choice that need to be represented at the household-level can be estimated using 

individuals’ corresponding utilities. Finally, both the individual and the entire household 

are simultaneously used as decision making units (e.g., the decision to pursue 

independent activities as the individual-level while the decision to pursue joint activities 

as the household-level).  

Household-based decision making unit: the approach that treats the entire 

household as a decision making unit includes household group utility maximizing 

mechanisms (Zhang, Timmermans, and Borgers, 2002, 2004 & 2005; Zhang and 

Fujiwara 2006; Zhang et al. 2009; Kato and Matsumoto, 2009). 

Zhang, Timmermans, and Borgers (2002) introduced each member’s time use 

function (called g-Logit household time-use model) for four-different type of activities: (1) 

in-home activity, (2) out-of-home independent activity, (3) allocated activity, and (4) 

shared activity. To do so, the authors first defined the household utility function in the 

form of multi-linear group utility function, which can represent interaction with other 
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household members and the degree of relative influence within a household joint 

decision making. This function simultaneously represents interaction between household 

members and dependencies between activities. The relative influences were turned out 

as 64% of the households are male dominant in time allocation, 22% of the household 

are female dominant, and the remainder of the households are equal power, with the 

average relative influence of 0.53 for male and 0.47 for female across the entire 

household. The overall, social status influenced less engagement of male’s independent 

activities, whereas influenced more engagement of female’s shared activities. As 

observed in other research, the larger number of workers in the household the less the 

males prefer allocated and shared activities.  

With the same stream of research, Zhang, Timmermans, and Borgers (2004) also 

developed a household task and time allocation models based on a multi-linear group 

utility function. There were intra-household interactions in more than 80% of each 

member’s utility results. Specifically, female heads were more likely to concern about 

the allocated activities, but less likely to concern about the in-home activities than the 

male-heads. Furthermore, the similar study was undertaken by Zhang, Timmermans, 

and Borgers (2005).  

In continuous efforts of activity-time allocation modeling, Zhang and Fujiwara 

(2006) adopted the iso-elastic class of social welfare function which is under the 

household group decision mechanisms. Interestingly, the equation includes a parameter 

indicating the influence of intra-household interactions of household members. To 

estimate household time allocation, four activity types were first identified as proposed in 

Zhang et al. (2002) above using a one-week activity diary data from Kakeya and Akagi 
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area in Japan. They concluded that the significant interaction parameter proves there is 

negotiation frontier while deciding a preferred household outcome after each household 

member first identifies his/her own preferred option. In addition, the husbands had more 

relative power than the wife’s. Specifically, the time of duration for the husband’s 

activities became shorter on rainy days. 

Another contribution by Zhang et al. (2009) has been undertaken in the context of 

couple’s car ownership behaviors using the same approach, multi-linear models. This 

study does not include any related impacts of activity participation patterns. 

Nevertheless, it is useful to refer in this section for the methodological reviews with the 

same streamline of household group decision making mechanisms for this research. 

They presented two primary types of household level decision-making mechanisms: 

multi-linear utility and iso-elastic utility (maximum- and minimum-utility models). Due to 

the diversity of group decision contexts, they first applied latent class modeling approach 

to partitioning the households for any desired number of segments. The heterogeneous 

models, where each latent class corresponds to a particular type of mechanisms, were 

compared to homogeneous models and found to perform better. The motivation of 

applying latent class approach is that group decision-making mechanisms could vary 

with households. Interestingly, the intra-household interaction was still influential to 

household’s choice of car purchase type with a relatively high weight on the husband 

who has a worker (average weight of husband in joint decision is 0.634). All of the 

research conducted by Zhang et al. was significantly contributed to the application of 

household group decision mechanisms. 
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In addition, household time allocation model similar to Zhang and Fujiwara (2006) 

had been proposed by Kato and Matsumoto (2009) using empirical data surveyed in 

Tokyo and Toyama in Japan. One of interested aspects was to observe the intra-

household interactions between a weekday and a weekend day, between the two cities, 

and noted that (1) the husbands’ solo out-of-home leisure activities were higher on both 

weekdays and weekends, (2) whereas the wife’s solo out-of-home leisure activities were 

higher only on weekends, and (3) children had higher propensity of solo out-of-home 

leisure activities during the weekends.  

Person-based decision making unit: A second line of research treats the 

individual as a decision making unit. A set of choices at the household-level can be 

represented as a combinatorial set of choices between individuals or/and joint 

activity/travel (Gliebe and Koppelman, 2002 and 2005) in an inter-related decision 

pattern. 

Gliebe and Koppelman (2002) developed a proportional share model of daily time 

allocated by two-adult household members with the same streamline of individual 

models. The key ideas of the proportional share model are that (1) the set of choice 

alternatives should be the same among individuals, and (2) the proportional share of a 

joint outcome among individuals needs to be identical across the individuals. They have 

introduced a weight factor to be able to represent a proportional impact on joint activity 

decision making between two household heads using employment levels (such as full-

time job, part-time job, and not-employed). As already cited in the approach of 

household group utility maximizing mechanisms by Zhang et al., the weight was 

estimated using a logit-based parametric function. However, they only allowed 
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differential weighting of each person’s expected utility from independent activities as 

opposed to the approach of household group utility maximizing mechanisms (it applies 

the weight across all alternatives). The simultaneous model estimations for the utilities of 

two household decision makers were conducted using weekday trip diary data surveyed 

in Seattle area. The data were identified to four broad activity purposes: (1) subsistence, 

(2) maintenance, (3) leisure, and (4) in-home activities. They further partitioned the 

maintenance and leisure activities into independent and joint activities. In the overall, 

full-time workers tended to have greater impact on household joint activity decision 

making. Household employment levels had negative effects on the time for joint 

maintenance activities. The more autos per person in a household, the more 

maintenance and leisure activities became independent. The number of children was 

found to have a negative impact on joint maintenance and leisure activities. 

Along this line, Gliebe and Koppelman (2005) expanded the earlier proportional 

share model to a structural discrete choice model that predicts the separate, parallel 

choices of full-day tour patterns by both persons (called a parallel choice constrained 

logit). Unlike the previous version, each decision maker had a separate expected utility 

for the shared decision by structuring subsets of joint outcome (each subset has 

alternatives of decision makers in parallel). Parameterization of an importance function 

was also defined to estimate a person’s relative weight, and then composite utilities for 

each nest of daily activity-travel patterns are weighted to represent the total utility to be 

derived by the two-person household. They have identified 10 joint outcomes using trip 

diary data surveyed in Seattle, Washington: (1) one independent daily pattern, (2) two 

fully joint daily patterns, and (3) seven partial-joint daily patterns), including 94 
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alternatives total. The factors positively affected to household joint decision making were 

worker status and the number of pre-school-age children. This suggested that the 

greater emphasis is placed on the work-individuals relative to non-workers and on the 

women with very young children relative to the others. A retired household for both 

adults was more likely to undertake fully joint activities. In contrast, a household with 

more number of children was less likely to undertake fully joint activities. In case of the 

households with fewer cars than workers tended to engage in more shared ride 

arrangements. The longer commute distance, the greater likeliness of undertaking 

shared ride arrangement and partial joint activities. Overall, this study provides explicit 

representation of joint activity patterns by constructing an individual-level framework 

being able to represent intra-household interactions.  

Multi-level decision making unit: Lastly, the activity-travel generation patterns 

can be estimated at the multi-level, e.g., the decision to pursue independent activities as 

the individual-level while the decision to pursue joint activities as the household-level 

(Scott and Kanaroglou, 2002; Srinivasan and Bhat, 2006; Srinivasan and Athuru, 2005).  

Scott and Kanaroglou (2002) estimated trivariate ordered probit models for the daily 

number of non-work, out-of-home activity episodes that adult-couple undertakes 

together. The models were implemented for the coupled-heads by three household 

types using data surveyed in Toronto in Canada: non-worker, one-worker, and two-

worker households. They structured three activity types at multi-level decision making 

units: male-solo-activities, female-solo-activities, and household-joint-activities. To 

capture interactions between household heads, each random error term was correlated 

by specifying a standard normal trivariate distribution function. For non-worker 
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households, a positive relationship was found between the male- and female-solo-

activity participation (e.g., frequent solo-activities by the male increase such activities by 

the female). In contrast, a negative relationship between solo activity (either by the male 

or by the female) and joint activity participation were found, suggesting a substitution 

effect between them. The female heads with a driver license and access to a vehicle 

were likely to engage in more independent activity participation. Similarly, in one-worker 

households, the output of error correlations was interpretative as same as the case of 

non-worker households. Working heads who are members of multiple-vehicle holds in a 

relatively higher income household group had undertaken more independent activities. 

In contrast, aging had a negative impact on the independent activities. However, if only 

the worker is a licensed driver, the couple is found to be more likely to undertake joint 

non-work activities. In the case of dual-worker households, the females were more likely 

to undertake riding activities for their children to/from daycare, as opposed to their male 

counterparts. Interestingly, females who reside in one-vehicle households tended to 

undertake independent activities than are those who live in multiple-vehicle households. 

Likewise, the error correlation between the male independent activities and female 

independent activities was found to be positive.  

Srinivasan and Bhat (2006) developed an alternative approach to simultaneously 

model activity participation patterns and its time duration using San Francisco travel 

survey data. They identified five discrete choices within discretionary activities: (1) 

male’s solo in-home activities, (2) female’s solo in-home activities, (3) male’s solo out-of-

home activity, (4) female’s solo out-of-home activity, and (5) household joint out-of-home 

activity, and their corresponding time durations. The discrete components of the choices 
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were modeled using a binary logit structure (whether or not undertake a given activity), 

and the continuous components of the choices (i.e., the activity duration) were modeled 

using a linear regression structure. They reported there are intra-personal trade-offs 

between in-home and out-of-home activity participation, as well as inter-personal trade-

offs between independent and joint activity participation decisions. The male heads with 

younger children (less than 10 years) less undertake solo out-of-home activities. In 

contrast, households with more children were less likely to undertake joint out-of-home 

activities. Low-income household undertook less solo out-of-home discretionary 

activities possibly due to budget constraints. Finally, workers decrease the propensity of 

undertaking joint discretionary activities. Similarly, individuals who engaged in 

maintenance activities more undertook independent out-of-home discretionary activities 

during the day. 

In contrast to the above study, Srinivasan and Athuru (2005) included a different 

approach. Two-dimensional inter-related decision framework (or called nested mixed 

logit model) to allocate maintenance activities to household members was proposed 

using the data from San Francisco area: whether the maintenance activity is performed 

independently or jointly, and the person who participates in the activity in case 

independent activity occurred. The empirical model results indicated that: (1) the head of 

the household tended to undertake maintenance activities than his/her spouse, (2) there 

were less joint maintenance activities as increasing number of employed household 

members, but more joint maintenance activities as decreasing household income, (3) 

aging were also observed with increasing maintenance activity engagement, (4) females 

were more likely to undertake maintenance activities, and (5) joint maintenance activities 
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were preferred in the weekends and lower in households with under pre-kindergarten-

aged children. 

2.3 Vehicle-Type Choice for Specific Trips and Tours 

This section discusses the following questions: what are the factors that influence 

household vehicle-type choice for individual trips and tours? Specifically, in the multi-

vehicle households, the vehicle-type decision is a vital aspect of vehicle demand and 

usage modeling, and the decisions impact many other facets of individual activity-travel 

patterns. Also, the vehicle-type choice decisions are interrelated with specific activity 

participation decisions including whether the activity is arranged jointly or independently, 

time-of-day decisions and schedule adjustments (Vovsha and Petersen, 2007).  

The choice of vehicle types for individual trips is conditional on the household 

vehicle holdings. Since the literature on this subject (household level car ownership 

choices) is quite extensive (see for example Cao et al., 2006; Choo and Mokhtarian, 

2004; Zhang et al., 2009), we focus our discussion on the trip/tour level car allocation 

choices which is of direct relevance to our study.  However it is useful to acknowledge 

that the factors that play a role in the household vehicle-type choice are (see for 

example, Golob et al., 1996; Petersen and Vovsha, 2006): household-related attributes 

(income, residential location, number of vehicles, number of drivers, number of workers 

and household size by age group); characteristics of principle driver or drivers of the 

vehicle (age, gender, and employment status); the characteristics of the vehicle itself 

(vehicle age, operating cost, passenger and cargo capacity, body style, and value); tour-

related attributes (purpose, destination, distance, schedule, number of stops, pure 

automobile tour versus drive-to-transit tour); joint travel-related attributes (travel party 
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type, travel party size, fully joint versus partially joint tours); and zonal attributes (area 

type at the origin and destination).  

A number of studies evidenced that the type of vehicle used for different trip 

purposes is not completely random and can be modeled from those factors (Hunt and 

Petersen, 2005; Vance and Iovanna, 2007; Vovsha and Pertersen, 2007, Petersen and 

Vovsha, 2006). These factors therefore can be answers for that question in the above 

while making a decision for intra-household vehicle-type choice.  

There is some empirical evidence on the overall (measured in terms of VMT) 

usage patterns of different vehicle types. An early study by Golob et al. (1996) focused 

on predicting vehicle miles of travel by “type” (defined using a combination of size, body 

style, and model year) of vehicle. An analysis of two-vehicle households indicated 

negative relationships between vehicle age and usage and between vehicle operation 

cost and usage. Employed persons were more likely to be using the “newer” vehicle and 

men were estimated to be more likely to drive larger vehicles (trucks, SUVs, etc.). 

Another research of exploring household vehicle ownership and the VMT by vehicle type 

has been done by Bhat and Sen (2006). High income households are unlikely to use 

pickup trucks and vans, while households residing in low density rural areas are more 

likely to use pickup trucks and SUVs. Households with very small children (less than 4 

years of age) have a strong preference for SUVs and minivans. As a vehicle attribute, 

only vehicle operating gasoline cost was used and indicated that vehicle types that are 

less expensive to operate were preferred. Overall, passenger cars have the highest 

baseline preference compared to other vehicle types. 
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More recently, Dravitzki et al. (2009) discussed on how discretionary (i.e., social 

recreational) travel influences greenhouse gas emissions. Using the 1997 and 1998 

New Zealand Household Travel Survey data, they compared various travel 

characteristics such as: vehicle occupancy by travel purpose, total distance walked 

against the distance travelled by car, total distance travelled by non-auto mode, time-of-

day profiles by travel purpose, and average trip distance by engine size and trip 

purpose. The authors found that social/recreational trips were a dominant factor in the 

uptake of private vehicles, which in turn influence on the size of vehicle purchased (i.e., 

require a larger-than-regular vehicle).  

In the context of modeling the vehicle used for individual trips and tours, it is useful 

to distinguish between solo and joint travel. In the former case, the vehicle used is most 

likely to be the vehicle for which the traveler is the “primary driver”. This is because a 

substantial fraction of the US households has at least as many cars as drivers with each 

driver being the primary user (PU) of one vehicle. Therefore, the vehicle type choice for 

solo trips can be largely inferred from the household-level allocation of members as 

primary drivers of different vehicles. In the case of joint trips, the household members 

have a choice of which household vehicle to use. While a larger vehicle may be 

desirable to comfortably accommodate all the passengers traveling together, people 

may also consider the associated higher costs of using the larger vehicle. It is useful to 

note that both these facets, i.e., household-level allocation of persons to cars, and the 

choice of car for joint tours have received relatively little attention in the literature.  

In the context of the former, a recent study by Vyas et al. (2012) is relevant. The 

authors estimated a joint household-level model of the number of vehicles owned, the 
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corresponding vehicle type choice and the annual mileage on each vehicle, as well as 

the primary driver assigned to the individual. This model has been embedded within 

SimAGENT (Simulator of Activities, Greenhouse emissions, Energy, Networks, and 

Travel) activity-based travel and emissions forecasting system for the Southern 

California Association of Governments (SCAG) planning region. The findings in terms of 

primary-driver decision behavior are as follows: persons of age between 16 to 25 years 

are less likely to prefer SUVs and vans than do middle aged and elderly groups; women 

prefer newer vehicles, but not to drive large cars and small SUVs; workers have a higher 

preference for sub-compact cars (especially newer cars) relative to unemployed 

members in the household, but mid-sized SUVs are the most preferred if the commute 

distance is less than 10 miles. For the vehicle-type choice decisions, there were nine 

vehicle types defined as combination of nine body types and vintage at the household 

level.  

Anggraini et al. (2008) have also explored car allocation choice behavior between 

two household heads, but in the case of car-deficient households. Work attributes 

(duration, number of work episodes, part-/full-time, and non-worker) of each individual 

dominantly affected the activity for which a car allocation decision is made. As an 

example, in households where male is a full-time worker and female is a non-worker, the 

car is allocated to the male in 43.67 % of the cases.  

Peterson and Vovsha (2006) present models for tour-level car allocation. They 

modeled a set of integrated models including composition of car ownership by vehicle-

type, allocation of available household cars to joint travel arrangements, and car-type 

choice of the tours for which a car has been allocated. The authors observed patterns of 
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car-type choice to be related to person type, sex of driver, travel purpose, person 

participation, travel party size, income, distance to the primary destination, tour 

origin/destination area type, and number of stops by both car-type and car-age. In the 

overall, women were more likely to use vans mostly for joint travel and escorting than 

men do. Escorting was logically associated with a relatively high percentage of vans and 

low percentage of trucks. Large travel parties proved to be correlated with vans and 

SUVs, whereas smaller travel parties proved to use automobiles more frequently. In 

contrast to the extent of travel parties, fully joint tours tended to be made in large 

automobiles, whereas partially joint tours tended to use vans and SUVs. Interestingly, 

the greater the need to make intermediate stops, the greater is the likelihood of using 

vans and SUVs. Various factors also favored the use of the “newer” car. 

Vovsha and Petersen (2007) investigated car-type preferences and intra-

household car allocations by incorporating four short-term sub-models into travel 

demand models: individual and joint travel generation, schedule adjustments, mode 

choice, and car allocation and type choice. Pair-wise correlation patterns were detected 

between each pair of sub-models. An interesting finding was that when there is no car-

allocation conflict, the choice of individual/joint travel arrangements was probably made 

first and then choice of a suitable car is made. Joint travels had a greater probability of 

using large cars. 

2.4 Time-of-day Choice for Specific Trips and Tours 

Modeling time-of-day decision is the process of scheduling travel which has 

variations by time of day. Such process includes predicting departure time, arrival time, 

or duration of the travel. Substantial body of time-of-day studies has primarily focused 



 

 34 

on commute timing decision (i.e., home-work/work- home departure time) at an 

individual daily schedule. Typically, the approaches of time-of-day modeling have been 

dominated by two methods of defining the time scale: discrete-choice methods and 

continuous-choice methods. 

Time-of-day choice analysis has been extensively investigated using the discrete-

choice methods by dividing the continuous time variable into discrete time intervals. 

Examples of previous work departure-time studies within the discrete contexture include 

Abkowitz (1981), Small (1982), McCafferty and Hall (1982), Hendrickson and Plank 

(1984), Chin (1990), Saleh and Farrell (2005), Guo et al. (2005), and Hess et al. (2005). 

They investigated departure-time choice for home-work or work-home trips using 

multinomial logit (MNL) based approaches. All studies listed above commonly reported 

occupation, income, age, transportation system level of service, and work schedule 

flexibility affected one’s propensity for switching departure time. Similarly, Steed and 

Bhat (2000) estimated departure time decisions for home-based recreational and 

shopping trips by discretizing continuous time into six discrete time periods such as 

early morning, a.m. peak, a.m. off-peak, p.m. off-peak, p.m. peak, and evening. Bhat 

(1998a, 1998b) formulated an ordered generalized extreme value (OGEV) model for 

shopping travel departure time choice and a mixed multinomial logit structure, 

recognizing natural ordering of time, for social-recreational trips. 

In contrast to the substantial number of discrete choice studies, relatively less 

studies has examined the departure time decision as a continuous time scale. For 

example, Komma (2008) used a hazard-based duration model to predict home-to-work 

commute time for the morning period. Bhat and Steed (2002) used a Cox proportional 
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hazard duration structure to model the departure time of shopping trips of adult 

individuals. In addition to such hazard duration models, there are also literatures that are 

not based on hazard duration techniques in representing the continuous time. For 

example, Gadda et al. (2009) proposed Bayesian techniques using accelerated failure 

time specification to predict departure times for three trip purposes (i.e., home-based 

work, non-home-based, and home-based nonwork). Ettema and Timmermans (2003) 

introduced marginal utility profiles to consider aspects of departure time choice and time 

allocation. The marginal utility functions are continuous functions of departure time 

expressed as a continuous timescale.  

However, work along these lines still brings some shortcomings. The shortcomings 

on the discrete choice approach have been discussed by Bhat and Steed (2002): 

different temporal partitions can lead to different model results, a time point close to a 

block boundary is likely to be perceived as being similar rather than as being distinct, 

temporal traffic patterns in an aggregated time interval are not identified, and lastly the 

temporal partitioning schemes need to be retained in the forecasting as used in 

estimation. Although the continuous representation of time in the method was proposed 

in response to the limitations of discrete choice models, the drawbacks of these models 

from the practical perspective are their relative complexity in the estimation over the 

discrete choice methods.  

Moreover, the tour based model must simultaneously predict when a tour leaves 

home and when it arrive back home. However, the previous studies in time-of-day 

synthesis have been too much populated on the departure time choice decision. There 

is a study that simultaneously models departure- and arrival-times of tours for a 
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complete time-of-day schedule as well as reflects the positive features from discrete- 

and continuous-choice models. Vovsha and Bradley (2004) proposed a hybrid choice-

duration analytical structure that combines positive features (easy to estimate and apply) 

of a discrete choice model and a continuous choice model (flexible at any level of 

temporal resolution). The proposed utility structure is based on continuous shift 

variables, which is different from a general way with all alternative-specific coefficients 

and variables. They used a temporal resolution of one hour, which is expressed in 190 

(i.e., 19 20/2) hour-by-hour tour departure-from-home and arrival-back-home time 

combinations as alternatives. Continuously, the same approach has been applied to the 

development of Atlanta Regional Commission (ARC) ABM structure (PB Americas, Inc., 

2009) for independent and joint tours. However, applying the time-of-day choice model 

to joint tours, the tour departure and arrival period combinations are restricted to only 

those available for each participant on the tour. Similarly, SACSIM, activity-based travel 

forecasting model for Sacramento Area Council of Goverments (SACOG), developed by 

Bowman and Bradley (2006) used the same approach for arrival and departure time 

choice at the tour primary destination, but the model uses as alternatives every possible 

combination of 48 half-hour periods in the day (48 49/2=1,716 possible alternatives). 

Alternatively, departure- and arrival-times of tours were predicted by estimating 

activity duration and travel time to stops. For example, Comprehensive Econometric 

Micro-simulator for Daily Activity-travel Patterns (CEMDAP) modeling system 

determines three time scheduling components for joint discretionary tours such as: the 

departure time from home, the time duration at stop, and travel time to the stop. By 
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doing so, departure-from-home and arrival-back-home times can be calculated. Such 

tour scheduling components were accommodated using a linear regression method at a 

continuous time scale (Pinjari et al., 2008). In the overall, the literatures on the activity-

scheduling choice models dealt with the time variable either as several time periods by 

combining tour departure time with tour arrival time to generate possible alternatives or 

as continuous time by jointly modeling the tour departure time with time duration and 

travel time at stop. 

Another body of literatures focuses on the findings from empirical analysis in 

nonwork trips. As already mentioned, relatively limited studies examined the time-of-day 

decision in nonwork trips. For example, Bhat (1998b) and Steed and Bhat (2000) 

explored departure-time choice for home-based social/recreational trips in discrete 

choice representation. Their key observations were reported as the followings: (1) older 

persons tended to avoid the early morning and late evening periods, (2) individuals 

whose households have school-going children (6 to 15 years of age) were more likely to 

pursue the activities during the late parts of the day than the individuals whose 

household have young children (difficult in the early morning and late parts of the day), 

(3) workers who have a substantial work commitment are very unlikely to participate in 

recreational activities during the mid-day periods (a.m. and p.m. off-peak times), but  

likely to participate in during the evening periods, whereas self-employed individuals 

preferred to participate in during the mid-day periods over the non-self-employed 

individuals, (4) students tend to pursue the recreational activities during the p.m. peak 

through evening periods, (5) many recreational departure times were picked before 

evening periods, and especially in the a.m. peak period, (6) the drive-alone mode is 
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pursued during the earlier periods of the day than is the non-drive-alone mode (the later 

periods of the day), and (7) departure times that take shorter travel times were more 

preferred by individuals. Okola (2003) focused departure time choice for recreational 

activities by elderly nonworkers using a discrete choice analysis. She reported social 

activities are less likely to take place in the morning periods on weekends than on 

weekdays. The same effect was observed in the travel party composition. For example, 

there is a negative impact on the selection of the morning parts of the day for joint 

activities. Females were much less likely than males to pursue early morning 

recreational activities, whereas early morning recreational activities are more preferred 

by the persons aged 65 to 74 years. 

2.5 Summary  

A growing interest has been exposed to the intra-household interaction behavior to 

explicitly capture the interdependency among household members in the development 

of activity-based travel-demand models. The synthesis of literature cited in this chapter 

points out intra-household interaction behavior observed throughout the person’s daily 

activities and travel, specifically by limiting to the following three decision components: 

the generation of social-recreational activities, allocation of vehicles to household 

members and to joint tours, and the choice of time-of-day for joint tours. Many prior 

studies, at least, accommodated intra-household interactions in such decision 

circumstances by using adequate explanatory variables, as well as by using different 

operationalized models. The intent of this study is to contribute to the body of research 

by modeling such interactions involving both household heads.   
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Firstly, we examined the literature on the generation of discretionary activities (i.e., 

social recreational), factors affecting independent and joint-trips making, and behavioral 

difference between household members based on the travel companions for joint-trips, 

and discrete-choice modeling methods to operationalize the independent and joint 

choice outcomes. There is no study that presents a systematic comparison of alternate 

methods for capturing the trade-offs between solo and joint activity decisions. This 

research compares four methods that are capable of capturing such interactions 

between household heads: multinomial logit models (household-based model with a fully 

enumerated set of choice alternatives at the household level), multilinear logit models 

(household-based model that considers individual-level utilities and group-decision 

making process), parallel choice constrained logit models (person-based model 

ensuring consistency in the prediction of joint participation choices across decision 

makers), and tri-variate binary probit models (multilevel model with inter-dependencies 

captures via correlations). A wide set of travelers’ socio-demographic characteristics and 

other factors (such as the weather on the travel day) are considered as explanatory 

variables. In the end, we proceed to comparing the models in terms of predictive abilities 

and sensitivities to specific explanatory factors. 

The second part of the literature synthesis was focused on allocation of vehicles to 

household members and to social-recreational joint tours. Empirical research on the 

allocation of vehicles to household members and to tours is relatively limited. We 

develop a household-level vehicle allocation (primary-driver allocation) module that can 

be added to the suite of long-term choices model in operational ABM frameworks. In 

addition, a tour-level vehicle allocation (vehicle-type choice) module for making joint-
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tours involving both household heads is developed, which can be applied subsequently 

to the conventional tour-mode choice models within any operational ABM framework. 

Several vehicle attributes (such as size/body type, fuel efficiency, age, and operating 

costs) and socio-economic variables (age, and presence of children) are included as 

predictor variables. A good understanding of the choice of household vehicle to be used 

for the travel can in turn lead to increased accuracy of predicting the air quality from 

emissions, fuel consumption patterns, and to assess the impacts of policies based on 

vehicle type. 

Finally, the literature on the modeling of the choice of time-of-day was synthesized. 

A significant body of literature on time-of-day modeling is in the context of work tours, 

which are often the first tours to be scheduled. Social/recreational tours are, however, 

scheduled within specific time windows of the day after scheduling other constrained 

tours. Many previous studies on the time-of-day choice modeling have also been 

dominated by discretizing the continuous time to several time blocks. In this study, an 

alternate two-step approach is proposed. The first model predicts the time window 

chosen for pursuing the joint discretionary tour and the second model locates the tour 

within the time window by determining the start- and end-times of the tour 

simultaneously on a continuous scale. This approach leads to a parsimonious 

specification that is shown to have very good predictive performance.  

Overall this research contributes to an improved understanding of the social-

recreational activity-travel patterns and presents methods to effectively represent these 

choices within a conventional activity-based modeling framework.  
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CHAPTER 3 
MODELING THE GENERATION OF SOCIAL-RECREATIONAL ACTIVITY PATTERNS 

3.1 Background 

Household members often interact with each other during their daily activity- and 

travel-related decision-making process. In the context of social and recreational 

activities, these interactions lead to decisions about pursuing such episodes either 

independently or jointly with other household members.  

There are multiple approaches to capture such trade-offs within a discrete-choice 

based demand-forecasting framework. Four such methods are examined and compared 

in this study. These methods are: (1) Household-level models with household-level utility 

functions, (2) Household-level models with individual-level utility functions, (3) Individual-

level models with constraints to account for consistency in decisions about joint 

activities, and (4) Multi-level models with correlation patterns to capture trade-offs.  

The intent of this chapter is to present a systematic comparison of these 

approaches for analyzing the trade-offs between solo- and joint- social/recreational 

travel choices in couple-adult households. Data from the 2009 National Household 

Travel Surveys are used in the analysis. 

The rest of this chapter is organized as follows. First, the data used in this study is 

described. Next, the model specifications are described. The model estimation results, 

predictive validations and sensitivity analysis are then discussed. Lastly, a summary of 

this chapter is presented. 
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3.2 Data Description 

This research utilizes the Florida add-on samples from the 2009 National 

Household Travel Survey (NHTS). This survey collected detailed information on all 

activity- and travel- episodes (such as timing, mode, and purpose) for a one-day period 

from the members of 14,327 households residing in Florida. The data have been geo-

coded to obtain the latitudes and longitudes of all the trip-end locations. The survey also 

collected detailed information on the travelers’ socio-demographic characteristics.  

The raw data was subject to substantial screening and consistency checks to 

arrive at the final analysis sample. Only households in which all members responded to 

the survey were considered. Households with missing information on attributes such as 

location and time of day of trips, and other key individual and household demographic 

characteristics were excluded from the sample. These checks ensure that we are able to 

identify the activity-participation choices of all household members and also the inter-

dependencies in the choices (such as joint travel). Finally, only households in which all 

persons began and ended their day at home were considered so as to ensure 

information for complete tours.  

On the completion of the above-described screening process 9,324 (65.1% of raw 

sample) households remain. The household sizes of these households are distributed 

as follows: 2,634 (28.2%) single person, 5,167 (55.4%) two-person, 958 (10.3%) three-

person, and 565 (6.0%) four or more persons. Since the intent of this study is to 

examine household interdependencies, single-person households were excluded. 

Among the multi-person households, we focus on the most dominant category of two-

person households comprising a male adult and a female adult. Thus, the final analysis 
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sample comprises 4,785 “couple” households. The reader will note that this sample 

represents 92.6% of all two-person households and 72% of all multi-adult households. 

The empirical analysis of household interactions in the social-activity behavior of other 

types of multi-person households is identified as an area of future research.  

We have further divided the sample of couple households into two subgroups 

based on the presence of workers: households with at least a worker 2,570 (53.7%) and 

households without any worker 2,215 (46.3%). This is because social/recreational 

activity-participation patterns and the intra-household interaction mechanisms are likely 

to be strongly affected by employment-related attributes.  

In order to describe the social/recreation activity-participation choices of household 

members, the various trips undertaken by the persons were classified into home-based 

tours. A tour is defined as a sequence of trips, with the first trip originating at home and 

the last trip ending at home with the intermediate trips having non-home destinations. A 

few instances of tours without any intermediate stops were also observed (such patterns 

have been referred to as pure-recreational trips in the literature), but these households 

were excluded from the current analysis. A tour was classified as a social/recreational 

tour as long as the purpose of any one stop in the tour is “social recreational” (in the 

survey social/recreational stop was defined as: go to gym/exercise/play sports, rest or 

relaxation/vacation, visit friends/relatives, go out/hang out for 

entertainment/theater/sports event/go to bar, and visit public places for historical 

site/museum/park/library). In many cases 1,808 (65.2%) tours were single- or multi-stop 

tours where the only purpose was social-recreational. In other cases, 963 (34.8%) tours 
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were social/recreational stops chained with other purposes such as shopping, personal 

business or meal.  

Next, each tour was classified as either solo or joint by matching its attributes (start 

and end times, mode, purpose, locations, and etc.) to tours undertaken by the other 

household member. The joint tour is defined as one in which the two household adults 

leave home together, engage in the social/recreational activity jointly, and then return 

home together possibly after engaging in other activities together as well. In contrast, a 

solo tour is defined as one in which all segments of the tour are undertaken 

independently by the other household member.  

Given the above, the detailed choice alternatives are presented in Table 3-1 with 

the explicit expressions by episode type (solo and joint activity) and gender at the first 

column. The expression of detailed choice alternatives in the first column is explained as 

the number of solo social-recreational tours of male at the most-left digit, the number of 

solo social-recreational tours of female at the middle digit, and the number of joint 

social-recreational tours at the most-right digit. For example, “112” represents: one solo 

tour by the male and the female and another two joint tours together (i.e., 4 social-

recreational tours in the household). Another way of defining choice alternatives can be 

represented at either household- or individual-level without using the explicit number of 

tours by type. The notations used in the table are explained below.  

It is noted that only less than 2% of samples have been found to involve three+ 

tours in either solo or joint case such that we are treated them as 2 in the table below. In 

summary, a substantial proportion of persons undertook only one social/recreational tour 

(solo or joint) on any day: 83.7% (921 out of 1,101 households) for the working 



 

 45 

households and 80.9% (905 out of 1,119 households) for the non-working households. 

Thus, we chose to focus on activity-participation pattern decisions as opposed to 

explicitly modeling the number of tours.  

  

Table 3-1. Detailed social-recreational activity patterns with number of tours 

Choice alternatives 
Working 

households 
Non-working 
households 

Details 
Household-

level 

Individual-level 
Households % Households % 

Male Female 

000 N N N 1,469 57.2 1,096 49.5 

001 J J J 105 4.1 164 7.4 

002 J J J 10 0.4 13 0.6 

010 F N I 312 12.1 236 10.7 

011 FJ J IJ 15 0.6 14 0.6 

012 FJ J IJ 0 0.0 2 0.1 

020 F N I 46 1.8 32 1.4 

021 FJ J IJ 1 0.0 4 0.2 

100 M I N 304 11.8 254 11.5 

101 MJ IJ J 16 0.6 26 1.2 

102 MJ IJ J 2 0.1 2 0.1 

110 MF I I 158 6.1 196 8.8 

111 MFJ IJ IJ 11 0.4 15 0.7 

112 MFJ IJ IJ 0 0.0 1 0.0 

120 MF I I 27 1.1 43 1.9 

121 MFJ IJ IJ 2 0.1 1 0.0 

200 M I N 49 1.9 59 2.7 

201 MJ IJ J 0 0.0 5 0.2 

210 MF I I 31 1.2 28 1.3 

211 MFJ IJ IJ 1 0.0 3 0.1 

220 MF I I 10 0.4 19 0.9 

221 MFJ IJ IJ 1 0.0 1 0.0 

222 MFJ IJ IJ 0 0.0 1 0.0 

Total households 2,570 100 2,215 100 

 

Based on the social/recreational tour participation decisions of each of the 

household members, the following eight household-level outcomes are possible: 
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1. No one engages in social/recreational activities (N) 

2. Only male engages in solo social/recreational activity (M) 

3. Only female engages in solo social/recreational activity (F) 

4. Both male and female jointly engage in social/recreational activity (J) 

5. Both male and female engage in social/recreational activity, but independently 
(MF) 

6. Male engages in solo social/recreational activity and both male and female jointly 
engage in social/recreational activity (MJ) 

7. Female engages in solo social/recreational activity and both male and female 
jointly engage in social/recreational activity (FJ) 

8. Both male and female engage in social/recreational activity both independently 
and jointly (MFJ) 

Table 3-2 shows the distribution of household-level activity-participation pattern for 

the two subgroups (working and non-working households). For example, the proportion 

of ‘None’ is higher in the worker-households (57.2% versus 49.5%). In contrast, the 

proportion of ‘Joint only’ and ‘M/F independently’ is higher in the non-worker-households 

(4.5% versus 8.0%, and 8.8% versus 12.9%). Since the proportions of the last three 

alternatives (MJ, FJ, and MFJ) are significantly smaller, we combine these into an 

aggregate alternative, “Other” (O) for modeling purposes.  
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Table 3-2. Sample distribution by activity participation pattern at household-level 
Activity 

Participation 
pattern 

N M F J MF MJ FJ MFJ 

Worker-households (2,570)       
Number of 
households 

1,469 
(57.2%) 

353  
(13.7%) 

358  
(13.9%) 

115  
(4.5%) 

226  
(8.8%) 

18  
(0.7%) 

16  
(0.6%) 

15  
(0.6%) 

 
Non-worker-households (2,215) 

Number of 
households 

1,096 
(49.5%) 

313  
(14.1%) 

268  
(12.1%) 

177  
(8.0%) 

286  
(12.9%) 

33  
(1.5%) 

20 
(0.9%) 

22 
(1.0%) 

 

At the individual level, four outcomes are possible (both male and female): 

1. Not engaged in social/recreational activities (N) 

2. Engaged in only solo social/recreational activity (I) 

3. Engaged in only joint social/recreational activity (J) 

4. Engaged in both solo and joint social/recreational activity (IJ) 

Table 3-3 shows the distribution of individual-level activity-participation pattern by 

gender, for the two subgroups (working and non-working households). In the case of 

worker-households, the overall shares of alternatives are similar between the couples 

across the alternatives. In contrast, the male head tends to undertake more social-

recreational activities (less proportion on the alternative “N”) and independently (27.0% 

versus 25.0% on the alternative “I”) in the non-working households. 
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Table 3-3. Sample distribution by activity participation pattern at individual-level 
Activity  

Participation pattern 
N I J IJ 

Worker-households (2,570)   
Male head 1,827 (71.1%) 579 (22.5%) 131 (5.1%) 33 (1.3%) 

Female head 1,822 (70.9%) 584 (22.7%) 133 (5.2%) 31 (1.2%) 

 
Non-worker-households (2,215) 

Male head 1,364 (61.6%) 599 (27.0%) 197 (8.9%) 55 (2.5%) 

Female head 1,409 (63.6%) 554 (25.0%) 210 (9.5%) 42 (1.9%) 

 

The final part of the data assembly process involved the determination of the 

explanatory factors to be used in the models for social-recreational activity participation 

patterns.  

Table 3-4 presents the socio-economic variables available from the travel surveys 

used in modeling and presents the shares from the worker-households and non-worker-

households samples (by household). The values in the table present the proportion of 

household belonging to the category indicated in the row and these values sum to 1 

across all categories for each variable. The substantial differences in summary statistics 

from the two sample groups are observed. For example, non-worker households tend to 

be elderly persons, and their income is reduced. In contrast to the above trend, the daily 

durations of hours for maintenance activities and discretionary activities for both 

household heads are higher in the households without a worker, and the likeliness of 

engagement for those activities are also higher than the households with workers.  

The data from the travel surveys were supplemented with weather data obtained 

from the National Climatic Data Center (NCDC). The NCDC provides weather 

phenomena every one hour time period at 71 different weather stations across Florida 
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region. Each household was matched to the nearest weather station (0.162 miles in 

average straight line distance) using the ArcGIS tool. For each household, data on 

rainfall were collected both for 24 hours and for the period 7 AM – 8 PM on the three 

continuous days (i.e., the travel day, the day before, and the day after) since 

recreational episodes are likely affected by rainfall either on the travel day or on the day 

before and after. Approximately 36% households (averaged across the sample) for the 

24 hours and 20% households for the day time were surveyed on a rainy day. Among 

them, only 16% of households had been recorded more than or equal to 10 millimeters 

in rainfall during the entire survey day, and these proportions are turned out to be 

identical over the three days. To the authors’ knowledge, weather conditions have never 

been taken into account in current activity-based models. 

The decision to undertake social-recreational activities can also be influenced by 

the land-use characteristics around the respondent’s residence. To capture this effect, 

three accessibility measures were constructed. The first is the total number of 

residences within five mile of the respondent’s household. The second is the 

social/recreational accessibility which is defined as Σ [ln(recreational acres)/distance]. 

The third is the retail accessibility which is defined as Σ [ln(retail acres)/distance]. The 

maximum distance considered here was 5 mile in straight line distance from a 

household to the center of corresponding parcel. Data on parcel-level land use required 

for the construction of the above measures were obtained from the Florida Geographic 

Data Library (FGDL). The worker-households tend to live relatively in high residential 

density area (68,481.9 residences in average) than the non-worker households 

(56,864.4 residences). While the social/recreational accessibility of worker-households 
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(376.7) was lower than the non-worker households (498.4), perhaps indicating they live 

closer to higher density center of the region. However, we did not find a big difference in 

the magnitude of retail accessibility across the two groups (203.7 for worker-households 

and 195.6 for non-worker households).  
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Table 3-4. Summary statistics for explanatory variables 

Variables 

Worker-
Households 

Non-worker 
households 

Mean Mean 

Household Characteristics     
Household income (1-18, $ 5K interval ) 13.04 (4.88) 10.08 (4.99) 
Presence of children   
      Child (age≤4)/No child 0.09/0.91 0.00/1.00 
Vehicle share (vehicle/driver)      
      Vehicle Share <1 / Vehicle Share ≥1     0.08/0.92            0.29/0.71 
Household tenure       
      Owned/Rented 0.94/0.06 0.95/0.05 
Residential area       
      Urban/Rural 0.79/0.21 0.77/0.23 
Week (Monday – Friday) / Weekend 0.74/0.26 0.71/0.29 
Ethnicity       
      White/Black/Hispanic/Other 0.91/0.03/0.01/0.05 0.94/0.03/0.00/0.03         
Household worker composition 

   
  

      Both/Male only/Female only    0.46/0.32/0.22 N/A 
Household full-time job status   

 
  

      Both/Male only/Female only/None 0.30/0.31/0.20/0.19 N/A 

Rainfall for 24 hours   

      0/<10/+10 millimeters on the travel day 0.63/0.21/0.16 0.65/0.20/0.15 

      0/<10/+10 millimeters on the day before 0.63/0.22/0.15 0.64/0.20/0.16 

      0/<10/+10 millimeters on the day after 0.63/0.21/0.16 0.64/0.20/0.15 

Rainfall (≥10 mm) for the day time (7am-8pm)   

      0/<10/+10 millimeters on the travel day 0.78/0.14/0.08 0.80/0.14/0.06 

      0/<10/+10 millimeters on the day before 0.79/0.14/0.07 0.80/0.13/0.07 

      0/<10/+10 millimeters on the day after 0.79/0.13/0.08 0.80/0.12/0.08 
Residential density (residences) 68,481.9 (81,897.3) 56,864.4 (67,813.6) 
Social-Recreational accessibility 376.7 (567.7) 498.4 (719.5) 
Retail accessibility 203.7 (100.2) 195.6 (92.7)  

Note: parenthesis is a standard deviation. 
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Table 3-4. Continued 

Variables 

Worker-
Households 

Non-worker 
households 

Mean Mean 

Member Characteristics   
  Age 

   
  

      Male 56.60(13.18) 72.60(9.97) 
      Female 55.23(12.45) 70.13(9.74) 
Daily duration of hours for mandatory activities      
      Male 3.37(4.26) 0.07(0.61) 
      Female 3.01(4.07) 0.03(0.40) 
Daily duration of hours for maintenance 
activities 

     

      Male 0.62(1.21) 0.91(1.27) 
      Female 0.81(1.34) 0.98(1.30) 
Daily duration of hours for discretionary 
activities 

     

      Male 1.07(1.90) 1.29(1.89) 
      Female 0.99(1.73) 1.29(1.84) 
Education level  

   
  

      Under university/Above university (male) 0.57/0.43 0.62/0.38 
      Under university/Above university (female) 0.61/0.39 0.75/0.25 
Job status  

   
  

      Full-time/Part-time/Not worker (male)      0.60/0.18/0.22 N/A 
      Full-time/Part-time/Not worker (female)      0.50/0.18/0.32 N/A 
Work schedule flexibility (Flexible/Not flexible)   

 
  

      Flexible (male) 0.32/0.68 N/A 
      Flexible (female) 0.24/0.76 N/A 
Whether engaged in mandatory activities       
      Yes/No (male) 0.45/0.55 0.02/0.98 
      Yes/No (female) 0.40/0.60 0.01/0.99 
Whether engaged in maintenance activities      
      Yes/No (male) 0.53/0.47 0.69/0.31 
      Yes/No (female) 0.60/0.40 0.68/0.32 

 Number of observation (households) 2,570 2,215 

Note: parenthesis is a standard deviation. 
 
 
 

3.3 Model Structures 

This section outlines four methods to capture trade-offs between solo- and joint 

activity participation decisions. These methods are: (1) Household-level models with 

household-level utility functions, (2) Household-level models with individual-level utility 
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functions, (3) Individual-level models with constraints to account for consistency in 

decisions about joint activities, and (4) Multi-level models with correlation patterns to 

capture trade-offs. The methods are presented in the context of couple-adult 

households. These households have two adults (one male and the other female) with or 

without the presence of children. The two household heads are assumed to be the 

fundamental decision makers.  

3.3.1 Household-Based Models with Household level Utility Functions 

The household-based approach models a set of alternatives at the household-level 

(See Table 3-2) and maximizes the utility of entire household. The simplest approach is 

to set up household-level utility functions for each alternative as a function of the 

relevant explanatory factors including the characteristics of each of the household 

members.  

The utility of household h is defined as:  

  
    

  ∑     
 

 

 ∑     
 

 

 ∑     
 

 

   
  (3-1) 

where, i is alternatives representing the household-level activity participation patterns 

(such as none, male only, female only, joint only, all solo, and others),   
  is the 

alternative specific constant for the alternative i in household h, and βik s,  ik s and  ik s 

are coefficients to be estimated corresponding to the   
  (kth attribute of household-level 

socio-economic characteristics, e.g., household income and day of traveled),   
  (kth 

attribute of male-head characteristics, e.g., age, activity engagement) and   
  (kth 

attribute of female-head characteristics) for alternative i, respectively.   
  is the residual 

error term corresponding to the alternative i for household h.  
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Assuming that the error terms are independently and identically Gumbel distributed 

across alternatives in household h, the probability of choosing activity participation 

pattern i is determined from the multinomial-logit formula: 

       
       

  

∑         
  

 (3-2) 

The model parameters and coefficients are then estimated by maximum likelihood 

estimates (MLE). It is useful to note that nested structures can also be specified and 

these can be specified in very many ways, but we choose the simpler MNL formulation 

in this study. 

3.3.2 Household-Based Models with Individual-level Utility Functions 

In this approach, the alternatives are enumerated at the household level. However, 

for each option, the utilities for the individual members are first constructed and then 

aggregated to create the household utility. In the case of couple households, one 

decision maker is a male (represented as “m”) and the other is a female (represented as 

“f”). The corresponding individual (Systematic) utility functions are: 

   
  ∑      

 

 

 ∑      
 

 

 (3-3) 

   
  ∑      

 

 

 ∑      
 

 

 (3-4) 

where, βmik s, βfik s,  mik s and  fik s are coefficients to be estimated for the male- and 

female-head utility functions, and other notations are the same as above. Note that the 

alternatives, i, are still the household-level outcomes: none, male only, female only, joint 

only, all solo, and others). 
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Unlike in the first formulation with a direct household-level utility function, in the 

second formulation with individual-level utility functions, the explanatory factors are 

allowed to have differential effects on the utilities of each decision maker. For instance, 

the presence of children in the household may have different effects on male’s and 

female’s utilities for joint activities. This is captured by allowing the coefficient on the 

same variable to be different across the male and female utility functions.  

The utility of household h is related to the utilities of the household members in a 

multiplicative form leading to the “multi-linear logit” (MLL) formulation (Zhang et al., 

2009) (this is a simplification for a two decision-maker case from the general, multi-

person formulation): 

  
    

    
    

    
    

      
   

    
    

      
  (3-5) 

where,   
  is the alternative specific constant of alternative i for household h.   

  is the 

weight of male in household h, that effectively rescales the utilities of male relative to 

those of the female. In essence, the weight reflects the influence/power of the male 

relative to the female in the decision process. The female’s weight parameter   
  is 

simply     
 . 

The male’s weight parameter is defined using a logit-type parametric function as 

proposed by Zhang et al. (2009) and Gliebe et al. (2005):  

   
  

     ∑       
 

  

       ∑       
 

  
 (3-6) 

where Z is a vector of socio-economic factors that determine the relative influence.    
  

is the lth attribute of male in household h.     is the parameter to estimate the weight of 
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male. If    s are turned out statistically insignificant, the weights for male and female 

are both equal to 0.5. This formulation allows the influence of the males to be different 

across households depending on socio-economic factors. Finally, it is useful to note that 

we assume the weights w to be same across all alternatives (i.e., decision-power is the 

same regardless of different alternatives within a household). 

λ is an intra-household interaction parameter representing a concern for the equity 

of utility distribution between household members for any alternative. It is useful to 

mention that, in earlier deterministic formulations (see Keeney, 1972, for detail), the 

interaction parameter was constraints as   > -1 by scaling deterministic utilities   
  and 

   
  from zero to one. However, in stochastic utility maximization models, the interaction 

parameter could be any real number, but still providing information about the group’s 

attitude toward achieving equity of members’ utilities (see Corfman and Gupta, 1992, pg. 

6 for details). When λ = 0, the equation above reduces to the simple additive form 

proposed by Harsanyi (1955) and also collapses to the standard MNL model. That is, 

the MLL model is a special case of the MNL model. This is explicitly proved using the 

multiplicative form defined in Equation 3-5 as: 
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  (3-7) 

As shown in that equation, MLL parameters become identical to the MNL 

parameters with the product of weights. For the case of equivalent weights for two-adult 

(i.e., weight is 0.5), the MLL parameters in terms of household-level characteristics are 
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equivalent with the corresponding MNL parameters as: 0.5(βmik + βfik) = βik, likewise the 

MNL parameter reflecting individual-level characteristics are the same as the product of 

0.5 and the corresponding MLL parameters. As assumed in the MNL model, the error 

terms of the MLL models are also independently and identically Gumbel distributed 

across alternatives in household h, the probability of choosing activity participation 

pattern i is the same as the MNL model (Equation 3-2).  

3.3.3 Individual-level Models ensuring consistency of joint choices  

In contrast to the household-based approach, the person-based approach seeks to 

maximize the utility of each household member but in an interdependent fashion. As 

already shown (Table 3-3), there are four individual-level choice outcomes (none, solo 

only, joint only, and solo and joint). However, when one person chooses “none” or “solo 

only”, it is not possible for the other person to choose “joint” or “joint and solo” (Note that 

the “joint” by definition involves both adults in the social-recreational tour). The Parallel 

Constrained Choice Logit (PCL) model (Gliebe, 2004) can be used to ensure that the 

individual-level model captures such interdependencies and does not lead to unrealistic 

outcomes at the household level. Conceptually each alternative is constrained to be 

within an appropriate nest to ensure that the choice combinations from each individual 

are also feasible at the household-level. Generally, the alternatives (for both heads) 

involving joint activities are included in one nest and those (again for both heads) not 

involving joint activities are in another nest. The conceptual choice structure is proposed 

in Figure 3-1. 
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Household Social/Recreational  
Activity Participation Patterns 

 

Figure 3-1. A model framework for two persons’ social/recreational activity participation 
patterns 

   
The PCL models first define the utilities of each household member. Using the 

same notations as defined in the MLL model above, the corresponding utility functions 

are:  
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  (3-8) 
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  (3-9) 

where,     is the male’s alternative specific constant of alternative  ,   
  is kth attributes 

describing both entire household and  personal socio-demographic characteristics, and 

   
  is the residual error term corresponding to the alternative   of male m in household 

 . The other notations are the same as above. Note that the alternatives  , are the 

person-level outcomes: none (N), independent only (I), joint only (J), and both 

independent and joint activities (IJ)). 
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The probability of choosing alternative   for the decision maker p in household   

can be expressed as the product of probability of choosing nest   (at the upper-level) 

and the probability of choosing alternative   under the nest. The expression can be 

represented as: 

                         (3-10) 

That is, the left term is the conditional probability of person p choosing alternative  , 

given the choice, and the right term is the marginal probability of the joint outcome  . 

Assuming the error terms of PCL model are also independently and identically 

Gumbel distributed across alternatives in household   and individual p, the marginal 

share of “Joint activity (T)” in household   can then be formulated as: 

       
                     

   (               )                       
 (3-11) 

in which    and    are nesting parameters for the “Joint activity” and “Independent 

activity”. The notations    and    are importance weights on the expected utilities of the 

household joint outcomes (i.e., nests) for male m and female f.    and     represent the 

composite utilities of “Joint activity” nest for male m and female f, respectively. Similarly, 

   and     represent the composite utilities of “Independent activity” nest for male m and 

female f, respectively. They are defined as follows: 
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Consequently, the total utility for the marginal share is represented as each decision 

maker’s weighted utility sum. 

Substituting the marginal share in Equation 3-10 into the Equation 3-11, the 

probability of choosing alternative i for the male m is obtained. As examples under the 

nest of joint activity (T), the probability of choosing a joint activity (J) by male is: 
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(3-16) 

 

  

The probability of choosing a joint activity (  ) by female is also expressed as: 
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(3-17) 

Likewise, under the nest of independent activity (S), the probability of choosing N by 

male is: 
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(3-18) 
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The probability of choosing    by female is also expressed as: 
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  (3-19) 

The equations explained in the above have been also derived by formulating a 

generalized extreme value (GEV) function by Gliebe (2004), with the consistent 

properties of McFadden’s (1978) original GEV model derivation for closed-form discrete 

choice models.  

The complete likelihood function for a coupled-adult in the household   is defined 

as: 

   ∏       
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(3-20) 

where      and      are one if alternative   and    are selected by male and female, 

respectively, otherwise zero.     is male’s sets of alternatives by nest   . This allows 

error correlation between the male and the female, across subsets of social/recreational 

activity participation patterns. The importance weights are formulated as same as the 

Equation 3-6 used in the MLL models.  

3.3.4 Multi-level Models with Error Correlations 

The fourth approach is to assume that individual maximize their own utilities in 

making decisions about solo activities but a joint household-utility is maximized for 

decisions about joint activities. The three (binary outcome) decisions (one for each of 

the male and female adults about solo activities and one for the household about the 
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joint activity) are however assumed to be correlated. This leads to the trivariate binary 

probits (TBP) structure.   

The TBP model defines the utilities for each of the three binary choices. Using the 

same notations as defined in the MLL model above, the corresponding utility functions 

are:  
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where,   ,   , and    are the alternative specific constants for alternative  ,  , and  , 

respectively.   
 ,   

 , and   
  are the residual errors corresponding to the alternatives in 

the household  . The other notations are the same as in the PCC model. It is noted that 

the utility of not participating in any activities is fixed to zero. 

The residual   
  s has multivariate normal distribution with mean 0 and variance-

covariance matrix ∑ across the three decisions for each household  . That is, they are 

not mutually exclusive from household’s decision making perspective. This means the 

alternatives are interrelated for the household joint outcome, and the interrelation can be 

captured by correlating the random error terms (Scott and Kanaroglou, 2002; Dhakar 

2009). 

Given the above, the joint probability of choosing not to participate in any activities 

(i.e., no one engages in social/recreational activity) is defined as: 
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The joint probabilities of choosing to participate in any combinations of alternatives 

can then be expressed as: 

           (3-25) 
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in which: 

        ,   , and     {
  
  

 
If alternative is chosen, 
otherwise. 

  
The parameters are estimated by maximizing the likelihood function. This is done 

using Monte Carlo simulation (See further details on Genz, 1992; Hajivassiliou and 

McFadden, 1998). The TBP model enables to capture complementary relationships 

(e.g., if one increases independent activities, then the counterpart’s independent 

activities increase) and substitution relationships (e.g., if one increases independent 

activities, then the counterpart’s joint activities decrease) between the three episode 

types. 

3.4 Empirical Results for Worker Households 

This section presents the four (MNL, MLL, PCC, and TBP) empirical model results 

estimated for the worker households (Models for the non-worker households are 

presented in Section 3.5). We apply 80% of the samples for model estimations and 20% 
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for predictive assessments and sensitive tests. All models were estimated using 

maximum likelihood estimates (MLE) in SAS version 9.2.  

 The MNL, MLL, PCL, and TBP models are provided, respectively, in Tables 3-5 to 

3-8. The alternative “Other” has been referenced as a base category for the MNL and 

MLL models (Tables 3-5 and 3-6). This alternative includes the joint participation of 

household members along with independent activities by one or both members.  

In the case of PCL model, the alternative “IJ” (both independent and joint by the 

member) has been referenced as the base categories on the male- and female-head. 

For the TBP model, the base alternatives are not participating in solo/joint activities. The 

utilities of all base alternatives are then fixed to zero across all models.  

3.4.1 Goodness of Fit, Weight, and Interaction Effects 

The goodness of fit measures such as the rho-squared and the Akike information 

Criterion (AIC) values are fairly similar in the three models (MNL model (AIC 5214.1, ρ2 

0.039), MLL model (5244.8, 0.04), and TBP model (5229, 0.037)) suggesting that one of 

them is not clearly statistically superior to the other. While such measures in the PCL 

model (AIC 6165.5, ρ2 0.054) turns out to be better, the measures are not still readily 

discernible to be statistically superior to the other. Further, the small rho-squared values 

indicate that the explanatory factors included explain only a small percentage of the 

behavior over a simple, constants-only model.  

At the same time, the weight and interaction parameters are found to be 

statistically significant in the MLL model. Therefore, the MNL and the MLL models are 

structurally different for worker households. In the case of the relative weights, a logistic 

functional form is specified for the males. Since the sum of the weights for male and 
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female is equal to 1, the weight of the female is implicitly determined. Several 

explanatory variables were considered in this logistic weight function, and the 

employment status of the male head was estimated to be the only statistically significant 

factor in determining the person’s relative influence. Men with full time jobs have a 

greater influence (weight for male= exp(0.868) / (1 + exp(0.868) ) = 0.704; weight for 

female = 0.296) in social-activity participation decision making . In households in which 

the male does not have a full time job, the two decision makers are equally influential 

(weight = 0.5 each) in the social-activity decision making. The average weight of males 

across all worker-households in the data sample is 0.621.It is useful to mention that the 

previous research reports the greater influence of males on the household joint decision 

making. For example, Zhang et al. (2009) reported that the male-head with jobs and 

being a main user is more influential to household’s car type choice of purchasing 

(average weight of male is 0.634), and in the analysis of household’s time allocation, the 

average relative weights for male-head and female-head were found to be 0.526 and 

0.474, respectively Zhang et al. (2002).  

The intra-household interaction parameter (see Table 3-6 for the MLL model) 

turned out to be negatively and statistically significant for the worker-household group. 

This means that a factor that increases (decreases) the utility of an option for an 

individual does not imply a corresponding increase (decrease) in the overall utility of the 

household for that option. That is, the interaction parameter shows a strong behavior on 

the group’s attitude toward achieving equity of members’ utilities for this group. The 

interpretation of the negative sign is not readily apparent; however, it is interesting to 
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note that Zhang et al. (2009) also report a negative interaction parameter in the case of 

automobile purchase decisions. 

Similarly, a positive sign on the variable of employment status (by male head) is 

turned out to be significant in the PCL model, leading to a greater influence on the 

male’s side (weight for male= exp(1.256) / (1 + exp(1.256) ) = 0.778; weight for female = 

0.222). The average weight of males across all worker-households in the data sample is 

0.684. Consequently, the PCL and MLL models prove the decision power exist between 

household heads, leading a greater weight to the male-head with a full-time job. The 

three error terms in the TBP model (see Table 3-8) more clearly present interaction 

behavior between three episode settings (male-solo, female-solo, and joint). The joint 

engagement and the solo engagement by either male or female heads are negatively 

correlated. This describes a substitution effect between the two engagement types. That 

is, if one increases solo episodes, then the counterpart’s joint episodes decrease. This is 

opposed between the solo engagements by males and females.  

3.4.2 Impacts of Explanatory Variables 

Turning to the explanatory variables on the final models, the variables are behaved 

to have differential effects by different model specifications and by different decision 

maker as mentioned in the section of model structures. The results indicate that socio-

economic factors, activity-engagement patterns, and travel-day characteristics have 

strong impacts on the choice of social-recreational activity participations. The detailed 

effects of influential explanatory variables are discussed in the rest of this section.  

Socio-economic factors: Household income and age are the two socio-economic 

factors found to influence the social-activity participation decisions. The former is 
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statistically significant except in the MLL model only, and the latter is significant except 

in the MNL model only. Households with increasing income are more likely to pursue 

some kind of social-recreational activity (except by female only, see negative 

coefficients on “N” and “F” in Table 3-5, negative coefficients on “N” and “Solo only” in 

Table 3-7, and positive coefficients on “Male only” and “Joint only” in Table 3-8). A 

positive relationship between income and increased pursuit of leisure (including joint 

leisure) appears intuitively reasonable and consistent with past findings (see for 

example, Schlich et al., 2004).  

According to age effects, with the increase in age of the male household head, the 

propensity of not pursuing social-recreational activities is increased. The same pattern is 

explored with the increase in age of the female head (see a positive coefficient on 

“None” in Table 3-7). It does appear intuitively reasonable that younger couples will 

have a more active social life. Scott and Kanaroglou (2002) also report that age has a 

negative impact on pursuit of non-work out-of-home episodes in general. 

Activity-engagement patterns: This study assumes that the leisure-activity 

decisions are constrained by mandatory- and maintenance-activity decisions. All models 

commonly indicate that increased time in such “necessary” activities by one or both of 

the household head leads to reduced joint leisure pursuits.  

In the MNL model, increased mandatory activity duration undertaken by either the 

male or the female decreases the probability of joint social activities. The MLL model 

also indicates that increased work duration (for either male or female) on any day leads 

to an increased preference for no social activity or solo episodes rather than joint 

participation in leisure. The PCL model and TBP model support such activity 
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participation patterns to be ascertained as the longer work duration by one- or both-head 

tends to reduce solo and joint leisure pursuits. In addition, the PCL model explains one 

increases the work duration, then the counterpart’s solo social episodes likely increase. 

These results are intuitively expected since more time constraints for workers mean less 

free time for entertainment and pleasures, which would decrease social-recreational 

activity participations in favor of independent activities.   

The influence of maintenance activity durations is interesting. The duration of time 

invested by males in out-of-home household maintenance has no significant effect on 

the household’s social activity participation patterns. However, with increasing time 

spent by the female for maintenance on any day, the male head is found to be less likely 

to pursue solo discretionary activity on the same day. While this cannot be explained 

purely by time-budget effects; perhaps there are social norms at play here. The models 

also suggest reduced chances of joint leisure engagement with increasing maintenance 

responsibilities of the female head during the day.  

Travel day characteristics: All models indicate that the weekend days are more 

conducive for joint leisure activities. On examining the effect of weather, the MNL and 

PCL models indicate a clear reduction on social-activity participation patterns on rainy 

days (precipitated more than or equal to 10 millimeters), while the increase of male-solo 

participations is observed in the PCL model (see a positive effect on “Solo only” for 

male-head in Table 3-7). The TBP model suggests that the female head is found to be 

less likely to pursue solo and joint discretionary activity on the same day. Past research 

such as the one by Cools et al. (2008) suggests that diverse weather conditions 
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(snowfall, rainfall, wind speed and temperature) can reduce travel demand on 

transportation networks.  
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Table 3-5. Model results of standard MNL model for worker-households 

 
N (none) M (male only) F (female only) J (joint only) MF (both indep.) 

Variable Param. t-stat Param. t-stat Param. t-stat Param. t-stat Param. t-stat 

Constant 
Socio-economic factors 
HH income 
Age of male 
Age of female 

3.116 
 

-0.052 
 
 

12.64 
 

-4.75 
 
 

1.540 
  
 
 
 

6.51 
  
 
 
 

1.428 
  

-0.026 
  
 

4.71 
  

-1.69 
  
 

1.336 
 
 
 
 

5.55 
  
 
 
 

1.053 
 
 
 
 

4.56 
  
 

  
 

Activity engagement patterns          
 

  
 

  
Mandatory activity of male 
Mandatory activity of female 
Maintenance activity of male 
Maintenance activity of female 
Travel day 
On a weekday 

1.066 
0.637 

 
 

  
0.674 

4.35 
5.29 

 
 
 

3.22 

0.506 
0.665 

 
-0.598 

  
0.737 

1.87 
3.98 

 
-4.52 

  
2.96 

1.402 
 
 
 

  
0.705 

5.21 
 
 
 

  
2.86 

 
-0.820 

 
-0.377 

 
 

 
-2.43 

 
-1.72 

  
 

0.448 
 
 
 
 

0.696 

1.65 
 
 
 

  
2.69 

Rain (rainfall≥10mm) 0.212 1.66 
         

Number of observations (HHs) 
Log-likelihood estimate using constant only 

2,056 
-2655.92 

Log-likelihood estimate of final specification -2552.07 
McFadden’s Rho-squared 0.039 
Akaike information criterion (AIC) 5214.1 
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Table 3-6. Model results of MLL model for worker-households 

Variable 
N (none) M (male only) F (female only) J (joint only) MF (both indep.) 

Param. t-stat Param. t-stat Param. t-stat Param. t-stat Param. t-stat 
 Constant 2.172 7.09 1.951 8.86 1.452 7.55 1.682 6.69 1.266 6.28 

M
a

le
-h

e
a

d
 

Socio-economic factors 
       HH income 

Age 0.019 2.96 
    

  
  Activity engagement patterns  

      Mandatory activity 
Maintenance activity 
Travel day 
On a weekday 

2.107 
 
 
 

5.49 
 
 
 

1.138 
 
 
 

2.98 
 
 
 

2.480 
 
 
 

6.09 
 
 
 

 
 
 
 

 
 
 
 

1.085 
 
 
 

2.54 
 
 
 

Rain (rainfall≥10mm) 
 

    
  

    

F
e

m
a

le
-h

e
a
d
 

Socio-economic factors 
HH income 

          Age   
        Activity engagement patterns  

Mandatory activity 3.396 5.51 2.625 5.46 
    

1.271 2.37 
Maintenance activity -0.764 -1.92 -2.072 -4.98 

  
-1.320 -2.31 

  Travel day 
On a weekday 

  
  

  
-1.936 -3.38 

  Rain (rainfall≥10mm) 
    

   
    

Variable for weight parameter of member in joint decision 
    Male’s job status (full-time) 
Intra-household interaction 

0.868 
-0.276 

3.13  
-3.25 

         
Number of observations (HHs) 
Log-likelihood estimate using constant only 

2,056 
-2655.92 

Log-likelihood estimate of final specification -2550.39 
McFadden’s Rho-squared 0.040 
Akaike information criterion (AIC) 5244.8 
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Table 3-7. Model results of PCL model for worker-households 

Variable 
N (none)           I (solo only) J (joint only) 

Param. t-stat Param. t-stat Param. t-stat 
 

M
a

le
-h

e
a

d
 

Constant 2.698 5.37 2.142 3.89 1.282 4.67 
 Socio-economic factors        

HH income -0.037 -3.21      
Age of male   -0.012 -2.82    

Activity engagement patterns        

Mandatory activity of male   -0.721 -5.94    

Mandatory activity of female 3.029 3.90 3.025 3.87    

Maintenance activity of male        

Maintenance activity of female   -0.243 -2.19    

Travel day        

On a weekday 2.316 3.94 2.362 3.97    

Rain (fainfall≥10mm) 
 

1.447 
 

2.05 
 

1.430 
 

2.01 
   

 

F
e

m
a

le
-h

e
a
d
 

Constant 3.743 7.08 3.213 6.62 2.177 6.05 
 Socio-economic factors        

HH income -0.080 -3.29 -0.065 -2.55    

Age of female 0.014 3.40      

Activity engagement patterns        

Mandatory activity of male 1.868 7.24 1.915 7.12    

Mandatory activity of female   -0.619 -5.31 -0.823 -1.73  

Maintenance activity of male        

Maintenance activity of female -0.315 -2.88   -0.755 -2.15  

On a weekday        

Rain (fainfall≥10mm) 0.247 1.67      
 

Weight parameter: Male’s job status (full-time)   
 

   
         To the female under solo-outcome nest 
         To the male under joint-outcome nest 

1.256 
1.256 

3.84 
3.84    

Number of observations (HHs) 
Log-likelihood estimate using constant only 
Log-likelihood estimate of final specification 
McFadden’s Rho-squared 
Akaike information criterion (AIC) 

2,056 
-3229.7 
-3054.7 
0.054 
6165.5 
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Table 3-8. Model results of TBP model for worker-households 

 
M (male only) F (female only)               J (joint only) 

Variable Param. t-stat Param. t-stat Param. t-stat 

Constant -0.481 -2.82 -0.722 -12.33 -1.441 -9.35 

Socio-economic factors 
      HH income 0.019 2.96 

  
0.035 3.50 

Age of male -0.004 -1.91 
    Age of female 

      Activity engagement patterns  
     Mandatory activity of male -0.380 -6.08 

  
-0.458 -4.17 

Mandatory activity of female 
  

-0.284 -4.50 -0.519 -4.45 

Maintenance activity of male 
      Maintenance activity of female -0.128 -2.07 0.217 3.41 

  Travel day 
      On a weekday 
    

-0.333 -3.24 

Rain (fainfall≥10mm) 
  

-0.175 -2.03 -0.233 -1.64 

? 
      Correlation coefficients 
          MF (male and female) 0.368 9.81 

        MJ (male and joint) -0.144 -2.27 
        FJ (female and joint) -0.145 -2.27 
    ? 

      Number of observations (HHs) 
 

2,056 
    Log-likelihood estimate using constant only -2698.3 
    Log-likelihood estimate of final specification -2597.5 
    McFadden’s Rho-squared 

 
0.037 

    Akaike information criterion (AIC) 
 

5229 
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3.4.3 Predictive Assessments 

The discussions thus far indicate that although using different decision-making 

units makes the model specifications structurally different (statistically significant weight 

and interaction terms also make the MNL and the MLL models structurally different), the 

overall finesses of the four models are similar. Therefore, we proceed to comparing the 

models in terms of predictive abilities and sensitivities to specific explanatory factors. To 

do so, 20% of the data (514 worker-households) used for model estimations were 

randomly drawn for the use of predictive assessments.  

Three types of assessments are performed: (1) prediction of household-level 

outcomes, (2) prediction of individual-level outcomes, and (3) sensitivities to specific 

factors.  

Household-level: In performing the prediction of household-level outcomes, the 

estimated models are applied to determine the probabilities for each alternative for each 

of the 514 households. MNL and MLL models directly predict the household-level 

outcomes. The probabilities from the PCL and TBP models were suitably aggregated to 

determine the corresponding household level outcomes.  The probabilities are then 

averaged across all households for each alternative to determine the predictive sample 

share for each alternative (i.e., aggregated shares).  

Figure 3-2 presents the (aggregate) observed and predicted social/recreational 

activity participation patterns for worker-households both at the household-level (chart A) 

and at the person-level (chart B and C). The lines connecting points on the figures do 

not have any meaning and are simply to provide a trend. Overall, the observed and 

predicted patterns are fairly similar between the MNL and the MLL models (although 
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they slightly over-predicts the proportion of alternative N, M, and J while under-predicting 

the proportion of F, MF, and O) and between the PCL and TBP models (over-predicts 

the proportion of alternative M, F while under-predicting the proportion of N and MF). 

The extent of difference between the observed and predicted distributions can be 

quantified using the mean absolute error (MAE) measure. For each alternative, the 

absolute value of the difference in the number of observed- and predicted-households is 

first calculated, and then the values are averaged across all social/recreational activity 

participation patterns. The MAEs are 4.32 for MNL model, 5.01 for MLL model, 12.01 for 

PCL model, and 9.82 for TBP model.  

Next, we compare the models in terms of their accuracy in predicting activity 

patterns on each household (i.e., disaggregate analysis). For the disaggregate 

validations, the log-likelihood (LL) estimates for the validation sample are calculated as 

LL=∑      ∏         
    , where δi is 1 if alternative i is chosen in household h, otherwise 0. 

The LL estimates are -659.6 for MNL model, -665.1 for MLL model, -669.2 for PCL 

model, and -665.8 for TBP model. Both these measures indicate that the MNL model 

performs the best, and the PCL model the worst. 

Individual-level: In performing the prediction of individual-level outcomes, a similar 

procedure to the one previously described is used. However, in this case, the PCL and 

TBP modes give the individual level outcomes directly. The household level predictions 

from the MNL and MLL models were converted into person-level predictions to facilitate 

comparisons.  
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Charts B and C of Figure 3-2 present the observed and predicted shares 

represented at the person-level (male-heads and female-heads) for worker-households. 

Across all models, the predicted patterns in the male-heads (left-side) are relatively 

similar to the observation than in the female-heads (right-side). In common, the 

proportion of alternative N and Other (IJ & J) is over-predicted, while alternative I (solo 

only) is under-predicted. In contrast to the MAE measure at the household-level, the 

smaller MAE measures are observed in the TBP model (2.22 from male-heads and 3.63 

from female-heads), while the larger MAE measures are observed in the MLL model 

(3.04 from male-heads and 6.72 from female-heads). Those MAE measures are 

comparable with the MNL (3.02 from male-heads and 5.61 from female-heads) and PCL 

(1.55 from male-heads and 5.53 from female-heads) models. 

For the disaggregate validations, the log-likelihood (LL) estimates are -753.2 for 

MNL model (-376.2 for males and -377.2 for females) as the best fit, and -762.7 for the 

PCL model (-382.0 for males and -380.7 for females) as the worst fit. 
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Figure 3-2. Observed- and predicted-distributions of worker-households  
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Sensitivity tests: Next we examine the differences in sensitivities to specific 

variables in the model: (1) changes in female’s maintenance activity participation and (2) 

changed in male’s mandatory activity participation. The sensitivities are also tested both 

at the household-level and at the person-level.  

In the first case, the women who were not participating in maintenance activities 

are now assumed to do so (the maintenance activity variable is changed from 0 to 1 for 

46% of the females in the sample). The probabilities are re-calculated across the four 

models. Finally, the aggregate probabilities from the new case are subtracted from the 

original (base) case to determine the aggregate impact of the change in the 

maintenance activity-engagement behavior. Chart A of Figure 3-3 shows these changes 

at the household-level. All models predict reductions in the male’s solo and joint social 

activity participation (a larger reduction on alternative N in the MNL model) and 

increases in the female’s solo, male’s and female’s solo (MF), and other social activity 

participation (a larger increase on alternative F in the PCL model). However, the 

predictions on alternative N in the MNL and MLL models are opposed to the predictions 

in the PCL and TBP models (2.61% in the MNL and 1.29% in the MLL model vs. -0.40% 

in the PCL and -0.78% in the TBP model). The rest charts show at the person-level 

changes. The chart B presents the probability changes for the male-heads and the 

bottom chart C for the female-heads. The direction of change on alternative N and 

alternative I is the same across gender and models, whereas the direction on the same 

alternative is opposite by gender. For the male-heads, the higher variation on the two 

alternatives (N and I) is observed in the MNL model (2.56% on N vs. -2.80% on I), and 

higher variation in the PCL model for female-heads (-2.47% on N vs. 2.84% on I). 
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Figure 3-3. Sensitivity of maintenance-activity engagement by female (worker-

households) 
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In the second case, the men who were not participating in mandatory activities are 

now assumed to do so (the mandatory activity variable is changed from 0 to 1 for 52% of 

the males in the sample). Chart A of Figure 3-4 presents the changes in the aggregate 

social engagement patterns across the sample at the household-level. All models predict 

a substantial increase in the proportion of households not pursuing social activities and 

those in which only the female undertakes social activity. All other patterns have a 

reduction in probability. The magnitude of the changes also appears to be comparable, 

although the PCL model predicts a higher proportion of households to stop pursuing 

social-recreational activities (6.03%). Correspondingly, the reduction in the male-only 

pattern is also higher in the case of the PCL model (-4.08%). Chart B and C of Figure 3-

4 show at the person-level changes. An increase in the proportion of households not 

pursuing social activities is also observed across all models. However, the amounts of 

change are more remarkable in the male-heads (7.15% to 8.59%) than in the female-

heads (2.18% to 2.64%). The probability of solo episodes by males is dramatically 

dropped when the men are assumed to engage in the mandatory activities (-3.84% to -

5.46%), whereas the proportion of females pursuing solo episodes is slightly increased 

(1.26% to 1.45%). 
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Figure 3-4. Sensitivity of mandatory-activity engagement by male (worker-households) 
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3.5 Empirical Results for Non-Worker Households 

The MNL, MLL, PCC, and TBP model are provided, respectively, in Tables 3-9 to 3-12 

for non-working households. The base categories through the model estimations across 

the four models have been identically defined as the case of working households.  

3.5.1 Goodness of Fit, Weight, and Interaction Effects 

In the methodological stand point of the MLL model, since the interaction and the 

weight parameters were estimated to be statistically insignificant, the MLL model 

collapses into the MNL model. The reader will note that the model parameters of MLL 

model in Table 3-10 are empirically identical to the corresponding parameters of MNL 

model in Table 3-9. As examples, for the household variables, the coefficient in the MNL 

model is equal to the summation of two decision-makers’ coefficients multiplied by 

weight in the MLL model (e.g., household income: -0.071 in the MNL = 0.5×(-0.071-

0.071) in the MLL). For the personal variables, the coefficient in the MNL model is 

empirically equal to the coefficient multiplied by weight in the MLL model (e.g., female’s 

maintenance activity: -0.601 in the MNL ≈ 0.5×-1.229 in the MLL). The goodness of fit 

measures such as the rho-squared and the Akike information Criterion (AIC) values for 

the MNL and the MLL models are also exactly the same, as well as they are fairly similar 

as the TBP model. In the PCL model, such measures are better than the other models. 

However, the measures over the four models do not appear readily discernible to be 

statistically superior to the other. As in the case of working households, the small rho-

squared values indicate that only a small percentage of the behavior (over a constants-

only model) is explained by the explanatory factors included. 
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3.5.2 Impacts of Explanatory Variables 

The results indicate that socio-economic factors, activity-engagement patterns, and 

travel-day characteristics have strong impacts on the choice of social-recreational 

activity participations. The detailed effects of influential explanatory variables are 

discussed in the rest of this section. Interpretations from the family of household-based 

models are provided here for the MNL model as it has already been established that the 

MNL and the MLL models are empirically identical. 

Socio-economic factors: Household income and age are the two socio-economic 

factors found to influence the social-activity participation decisions. Higher income 

households are found more likely to undertake social-recreational activities, but the 

propensity of joint pursuits is decreased. This generic relationship between increased 

income and increase leisure pursuits is intuitively reasonable and consistent with the 

empirical literature (also observed in the case of the working households in this study). 

According to age effects from the PCL and TBP models, the same pattern is also 

explored as in the working households: with the increase in age of any household head, 

the propensity of not pursuing social-recreational activities is increased.  

Activity-engagement patterns: All models suggest that engagement of 

maintenance activities by male negatively affects the probability of social-recreational 

activity participations (see a positive sign on alternative “N” from the MNL and PCL 

models and negative signs on “M” and “F” from the TBP model), while the engagement 

of maintenance activities by female reduces the propensity of male-solo activity 

participation (M) (the latter observation also made in the case of worker households). 

The PCL model explains the female increases the maintenance duration, then social 
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episodes likely increase “N” (the same observation by longer maintenance duration of 

males from the MNL and TBP models) or female-solo participations. There are no 

mandatory activities defined for non-worker households.   

Travel day characteristics: On examining the impacts of travel day, weekdays 

are estimated to be more conducive for solo discretionary activities even in non-working 

households across all models. However, one different finding is explored in the PCC 

model, with the increased pursuit of leisure (i.e., a negative sign on alternative “N”), 

which is opposed to the observations on the MNL and PCL models from working 

households (see a positive sign on N in Tables 3-5 and 3-7). This perhaps is explained 

that nonworking households are less restrictive in pursuing leisure pursuits during a 

weekday than are working households. 

Weather is found to be a statistically significant predictor in the PCL and TBP 

models. The former indicate a clear reduction on social-activity participation patterns on 

a rainy day. The latter is found to be less likely to pursue joint discretionary activity on 

the same day.  
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Table 3-9. Model results of standard MNL model for nonworker-households 
  N (none) M (male only) F (female only) J (joint only) MF (both indep.) 

Variable Param. t-stat Param. t-stat Param. t-stat Param. t-stat Param. t-stat 

Constant 
Socio-economic factors  
HH income 
Age of male 
Age of female 

3.118 
 

-0.071 
 
 

15.58 
 

-6.30 
 
 

1.635 
  
 
 
 

7.99 
  
 
 
 

1.595 
  

-0.043 
  
 

6.02 
  

-2.61 
  
 

1.573 
 

-0.053 
 
 

6.23 
  

-2.80 
 
 

1.108 
 
 
 
 

5.49 
  
 

  
 

Activity engagement patterns            
Maintenance activity of male 
Maintenance activity of female 

0.609 
 

5.72 
 -0.601 -4.25       

Travel day           
On a weekday   0.433 2.65 0.375 2.17   0.471 2.72 
Rain (fainfall≥10mm) 0.290 2.16       

   
Number of observations (HHs) 
Log-likelihood estimate using constant only 

1,772 
-2554.85           

Log-likelihood estimate of final specification -2501.17 
McFadden’s Rho-squared 0.020 
Akaike information criterion (AIC) 5062.3 
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Table 3-10. Model results of MLL model for nonworker-households 

Variable 
N (none) M (male only) F (female only) J (joint only) MF (both indep.) 

Param. t-stat Param. t-stat Param. t-stat Param. t-stat Param. t-stat 

 Constant 3.110 15.55 1.654 8.10 1.592 6.01 1.568 6.21 1.109 5.50 

M
a

le
-h

e
a

d
 

Socio-economic factors 
       HH income 

Age 
-0.071 

 
-6.27 

   
-0.043 

 
-2.60 

 
-0.053 

 
-2.78 

   
Activity engagement patterns  

      Maintenance activity 
Travel day 
On a weekday 

1.223 
 
 

5.74 
 
 0.419 2.57 0.373 2.16 

  
0.469 2.70 

Rain (rainfall≥10mm) 
 

0.290 
 

2.16 
 

    
    

F
e

m
a

le
-h

e
a
d
 

Socio-economic factors 
HH income -0.071 -6.27 

  
-0.043 -2.60 -0.053 -2.78 

  Age 
          Activity engagement patterns  

Maintenance activity 
  

-1.229 -4.34 
      Travel day 

On a weekday 
  

0.419 2.57 0.373 2.16 
  

0.469 2.70 
Rain (rainfall≥10mm) 0.290 2.16 

         
Variable for weight parameter of member in joint decision 
    Maintenance activity of male        -        - 

        Intra-household interaction             -         -         
 
Number of observations (HHs) 
Log-likelihood estimate using constant only 

1,772 
-2554.85           

Log-likelihood estimate of final specification -2501.16         
McFadden’s Rho-squared 0.020         
Akaike information criterion (AIC) 5092.3 
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Table 3-11. Model results of PCL model for nonworker-households 

Variable 
N (none)                 I (solo only) J (joint only) 

Param. t-stat Param. t-stat Param. t-stat 
 

M
a

le
-h

e
a

d
 

Constant 1.224 2.64 2.130 10.56 0.203 0.30 
 Socio-economic factors        

HH income -0.057 -5.20   -0.033 -1.91  

Age 0.028 5.07   0.020 2.37  

Activity engagement patterns        

Maintenance activity of male 0.633 5.23      

Maintenance activity of female   -0.319 -2.69    

Travel day        

On a weekday   0.563 4.37    

Rain (fainfall≥10mm) 
 

0.291 
 

2.20 
      

F
e

m
a

le
-h

e
a
d
 

Constant 2.864 3.54 3.203 4.54 2.877 5.16 
 Socio-economic factors        

HH income -0.171 -3.20 -0.140 -2.60 -0.109 -2.55  

Age 0.020 2.37      

Activity engagement patterns        

Maintenance activity of male 0.518 4.27      

Maintenance activity of female 3.407 7.62 3.395 7.53    

Travel day        

On a weekday -0.320 -2.48      

Rain (fainfall≥10mm) 0.233 1.64      
 
Variable for weight parameter of member in joint decision 

 
   

     Maintenance activity of male 5.259 3.87 
  

   
 
Number of observations (HHs) 
Log-likelihood estimate using constant only 
Log-likelihood estimate of final specification 
McFadden’s Rho-squared 
Akaike information criterion (AIC) 

1,772 
-3354.8 
-3240.8 
0.034 
6529.7 
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Table 3-12. Model results of TBP model for nonworker-households 

 
M (male only) F (female only)               J (joint only) 

Variable Param. t-stat Param. t-stat Param. t-stat 

Constant 0.267 1.05 0.155 0.61 -1.091 -15.11 

Socio-economic factors 
      HH income 0.035 5.50 0.026 3.99 

  Age of male -0.014 -4.46 
    Age of female 

  
-0.014 -4.36 

  Activity engagement patterns 
     Maintenance activity of male -0.309 -4.47 -0.302 -4.38 

  Maintenance activity of female -0.156 -2.37 
    Travel day 

      On a weekday 0.183 2.52 0.201 2.73 -0.151 -1.78 

Rain (fainfall≥10mm) 
  

  -0.211 -1.82 

? 
      Correlation coefficients 
          MF (male and female) 0.450 12.53 

        MJ (male and joint) -0.213 -4.01 
        FJ (female and joint) -0.220 -4.01 
    ? 

      Number of observations (HHs) 
 

1,772 
    Log-likelihood estimate using constant only -2613.3 
    Log-likelihood estimate of final specification -2552.4 
    McFadden’s Rho-squared 

 
0.023 

    Akaike information criterion (AIC) 
 

5139 
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3.5.3 Predictive Assessments 

443 nonworking households are utilized for predictive assessments and sensitivity 

comparisons. It is noted that since the MLL model is identical to the MNL model in the 

non-worker case, predictive analysis and sensitivity comparisons are presented as the 

same (insignificant weight and interaction terms).  

Figure 3-5 presents the (aggregate) observed and predicted social/recreational 

activity participation patterns for nonworker-households both at the household-level and 

at the person-level.  

Household-level: While the proportion of households is relatively over-predicted 

on alternative MF (male and female solo), the overall fit of the MNL model is still 

comparable to the PCL and TBP models (see chart A of Figure 3-5), with the smaller 

MAE measure (3.09) in the MNL model (16.13 for the PCL model and 16.66 for the TBP 

model). For the disaggregate validations, the smaller LL estimate is -670.6 in the MNL 

model. Based on those measures the MNL model still shows better predictive 

assessment for the sample as in the case of working households.  

Person-level: Charts B and C of Figure 3-5 present proportions of alternatives 

represented at the person-level. The predictive abilities of all models are fairly similar 

across gender. MAE estimates are found to be the smaller in the TBP model as 5.90 

(this is the sum of male’s and female’s MAE) (9.65 for the MNL model and 16.08 for the 

PCL model). The LL estimates are almost identical across all models (-815.3 for the PCL 

model to -817.6 for the TBP model). All models appear equally good in terms of 

predictive ability. 
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Figure 3-5. Observed- and predicted-distributions of nonworker-households  
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Sensitivity-tests: On the examination of differences in sensitivities, the following 

changes in two variables are applied to the models: (1) changes in female’s 

maintenance activity participation and (2) changes in male’s maintenance activity 

participation. The sensitivities are also tested both at the household-level and at the 

person-level.  

In the first case, the women who were not participating in maintenance activities 

are now assumed to do so. At the household-based alternatives (see Figure 3-6 A), all 

models predict increases the proportion of nonworker-households not participating in 

social-recreational activities. Besides the alternative J (joint) and O (other), the directions 

of change on other alternatives are same across the models: the greater reduction is 

found on alternative M (male only) from the two model (MNL -2.44%, TBP -1.78) and on 

alternative J from the PCL model (-1.40%). The rest charts of Figure 3-6 shows at the 

person-level changes. In the case of males (chart B), increasing proportions on 

alternatives N and I are the same across the models, whereas the proportion of 

undertaking joint activities is decreased only in the PCL model: the higher proportional 

reduction is observed on alternative N in the PCL model (3.13%) and a smaller reduction 

on alternative I in the MNL model (-2.03%). The proportional changes on alternatives N 

and I are 1.63% and -1.52%, respectively in the TBP model. In the case of females 

(chart C), the directions of change across alternatives of both MNL and TBP models are 

the same, but the trends on alternatives N and J are different in the PCL model. 
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Figure 3-6. Sensitivity of maintenance-activity engagement by female (nonworker-
households) 
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In the second case, the men who were not participating in maintenance activities 

are now assumed to do so. Figure 3-7 presents the changes in the aggregate social 

engagement patterns at two decision-making units. All models substantially increase the 

proportion of nonworker-households not pursuing social activities by forcing alternatives 

M, F, MF, and O identically decreased (see chart A).  At the person-level changes, the 

direction and the amount of changes more appear unique across all models and 

genders (see charts B and C). 
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Figure 3-7. Sensitivity of maintenance-activity engagement by male (nonworker-
households) 
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3.6 Summary 

This chapter contributes towards the understanding of a household’s social and 

recreational activity participation pattern decision by incorporating household interaction 

behavior. Interpersonal interactions within a household lead to recognizing such activity 

patterns undertaken by individuals both independently and jointly with other household 

members. In the last few years there has been a growing interest to explicitly 

accommodate such inter-personal interactions.  

This research proposes four alternative methods that are capable of capturing such 

interactions between household heads (they are categorized into three based on 

decision-making units). First, a multinomial logit (MNL) structure is specified for the 

household utility as a function of the relevant explanatory factors including the 

characteristics of each of the household members. Another approach, within the same 

household-based decision-making units, is a multilinear logit (MLL) structure which is 

based on theories of group decision-making behavior as a weighted sum of the 

individual’s utilities and their pair-wise products (i.e., a weighted multiplicative form). In 

contrast to the household-based approach, a parallel constrained choice logit (PCL) 

model is structured at person-based decision-making units. The PCL specification seeks 

to maximize the utility of each household member in an interdependent fashion. To 

avoid infeasible choice outcomes, a constrained choice framework at person-level is 

constructed. Lastly, a tri-variate binary probit (TBP) model is specified at multi-level 

decision-making units (i.e., pursue independent activities at the person-level while the 

decision to pursue joint activities at the household-level). To capture interactions 

between household heads, each random error term is correlated by specifying a 
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standard normal trivariate distribution function. The sets of choices at non-household-

based decision-making units (i.e., PCL and TBP structures) must be replaced as the set 

of choices at the household-level by combinations of each person’s choice. 

This research utilizes the Florida add-on samples from the 2009 National 

Household Travel Survey. The final analysis sample comprises 4,785 “male-female 

couple” households, which represents 92.6% of all two-person households and 72% of 

all multi-adult households. We have further divided the sample of couple households into 

two subgroups based on the presence of workers: households with at least a worker 

2,570 (53.7%) and households without any worker 2,215 (46.3%). This is because 

social/recreational activity-participation patterns and the intra-household interaction 

mechanisms are likely to be strongly affected by employment-related attributes.  

Based on the social-recreational participation decisions of each of the household 

members, the following eight household-level outcomes are possible: no one engages, 

only male engages independently, only female engages independently, both male and 

female engage jointly, both male and female engage independently, male engages 

independently and both male and female jointly engage, female engages independently 

and both male and female engage jointly, and both male and female engage both 

independently and jointly. Similarly, there are four person-based outcomes possible: no 

engagement in social/recreational activities, solo engagements, joint engagements, and 

engaged in both solo and joint social/recreational activity.  

All models are estimated for each of the two population segments leading to a total 

of eight models. The results indicate that household income, age of male, engagement 

of mandatory activities, engagement of maintenance activities, day of the week, and 
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whether or not it is raining have strong impacts on the choice of social-recreational 

activity participations.  

In the case of a working household, a weight parameter both in the MLL and the 

PCL models was turned out statistically to be significant. While their weight of males was 

less on the solo cases (PCL model) than the females (this is due to fundamentally 

different functional forms of likelihood maximizations), the observation that male-heads 

with full-time job have more “power” in determining social-recreational activity 

participation pattern is reasonable from the MLL model (i.e. the average weight of males 

across all worker-households is 0.634) as well as from the PCL model (i.e., the average 

weight of males only for joint cases is 0.778). In addition, the TBP model convinces that 

there is a substitution effect between male-/female-solo engagements and joint 

engagements (if one increases solo episodes, then the counterpart’s joint episodes 

decrease). This is opposed between the male-solo engagements and the female-solo 

engagements.  

In the case of the nonworker-household group, the MLL model collapses to the 

standard MNL model since the effects of household interactions and the weights were 

observed statistically insignificant. The model parameters were also examined to 

establish equivalence between the MNL and the MLL models. The same interaction 

effects were also observed in the TBP model as in the case of working households. 

The model superiority tests are conducted both at an aggregate level (i.e., means 

absolute errors) and at a disaggregate level (i.e., log-likelihood estimates for the 

validation sample) across the two population segments. All models are almost equally 

good to explain the validation sample. In addition, we provide the results of a sensitivity 
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analysis with respect to the impacts of mandatory- and maintenance-activity participation 

decisions on the social/recreational choices both at the household-based alternatives 

and at the person-based alternatives. All models indicate different trends in changes in 

behavior and in magnitudes of the estimated changes.  

Overall, the MNL model was relatively straightforward to estimate, interpret, and 

predict the household activity generation patterns, but missing behavioral insights such 

as decision powers, and relationship among alternatives. Consequently, Table 6-1 can 

be helpful in selecting an appropriate model structure depending on user’s different 

modeling perspectives. 

 

Table 3-13. Comparisons of model attributes  

Criteria MNL model MLL model PCL model TBP model 

Estimation Easy Difficult Difficult Difficult 

Interpretation Easy Difficult Difficult Easy 

Behavioral insights None Decision 
power, 
interaction 

Decision 
power, 
Similarity 
between 
alternatives 

Correlation 
between 
alternatives 

Predictive 
accuracy 

Household-
level 

Higher Higher Lower Lower 

Person-
level 

Lower Lower Higher Higher 

Ease of prediction Closed form 
formula 

Closed form 
formula 

Closed form 
formula 

Require 
integration 
process 
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CHAPTER 4 
MODELING THE CHOICE OF HOUSEHOLD VEHICLE FOR SOCIAL-

RECREATIONAL TOURS 

4.1 Background 

The activity-based modeling (ABM) approach has significantly improved the 

forecasts of various aspects of people’s activity-travel patterns. However, these models 

are still limited in predicting the specific household vehicle used for any trip. Accurate 

quantification of emissions and air quality requires detailed information (such as size, 

body type, fuel type, and age) about the vehicles being used for each trip. Thus, 

modeling the type of vehicle used for each trip can significantly improve air quality 

modeling practice as well as the quantification of fuel consumption.   

In the context of modeling the vehicle used for individual trips, it is useful to 

distinguish between solo and joint trips. In the former case, the vehicle used is most 

likely to be the vehicle for which the traveler is the primary driver. This is because a 

substantial fraction of the US households has at least as many cars as drivers with each 

driver being the primary user of one vehicle. Therefore, the vehicle use patterns can be 

largely inferred from the household-level car allocation models (i.e., primary user 

allocation to one vehicle). The car allocation model can be a subsequence of 

conventional car ownership models which have been an overwhelmed area. In the case 

of joint trips, the household members have a choice of which household vehicle to use. 

The choice is conditional on the existing mode choice models if a household vehicle is 

chosen. While a larger vehicle may be desirable to comfortably accommodate all the 

passengers traveling together, people may also consider the associated higher costs of 
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using the larger vehicle. As already highlighted in Chapter 2, the literatures in these 

areas are extremely limited. 

In light of these points, we focus on modeling the allocation of household vehicles 

to members and the choice of household vehicle for joint travel. The empirical scope of 

this work limited to couple-adult households with multiple vehicles. The rest of this 

chapter is organized as follows. A description of the data used for analysis is presented 

first. This is followed by a description of the model structure (unlabeled discrete choice 

models). The empirical results are then presented and discussed.  

4.2 Data Description 

The study on vehicle-type choices uses data from the national samples of the 2009 

National Household Travel Survey. This is unlike the study on activity generation 

discussed in Chapter 3 which used only the Florida samples of the same survey. The 

use of the national sample provides us a significantly larger share of social-recreational 

tours. The NHTS data include detailed information on all activity- and travel-episodes 

(such as timing, mode, and purpose, travel party, etc.) for a one-day period from the 

member of 136,140 households over the entire states. The survey also collected 

detailed information on the travelers’ socio-demographic characteristics.  

The raw data was subject to substantial screening and consistency checks to 

arrive at the final analysis sample. Only households in which all members responded to 

the surveyed were considered. Households with missing information on attributes such 

as trip purpose and time of day of trips, and other key individual and household 

demographic characteristics were excluded from the sample. These checks ensure that 

we are able to identify the inter-dependencies (such as solo and joint travel) of all 
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household members that affect household vehicle-type choice decisions. Finally, only 

households in which all persons began and ended their day at home were considered so 

as to ensure information for complete tours. 

Within the category of two adult households, we focus on couples (since the intra-

household interactions may be different in other two-adult household structures such as 

roommates or the presence of unrated individuals). Since the survey does not explicitly 

identify the relationship of the adults, couple households were defined as two adult 

households with one male adult and one female adult with an age difference of <= 18 

years. Such households include two household heads (one male and one female adult) 

with or without the presence of children (children are defined as persons aged 17 years 

or less). We further focus on a subset of 22,566 households (irrespective of whether 

they undertook social activities or not) with two “conventional” vehicles (auto, van, SUV, 

or pick-up truck) in which one vehicle is allocated to the male whereas another to the 

female. Households with one or no vehicles do not have a “choice” of vehicle and 

households with three or more vehicles were relatively fewer (along couple-adult 

households). 

The next step in the overall data assembly procedure focuses on processing the 

travel diaries of households to identify tours. The process of constructing a tour is similar 

to that employed for the Florida samples in Chapter 3 to a large extent.  A tour was 

defined as a sequence of trips, with the first trip originating at home and the last trip 

ending at home with the intermediate trips having non-home destinations. A few 

instances of tours without any intermediate stops were also observed (such patterns 

have been referred to as pure-recreational trips in the literature), but these households 
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were excluded from the current analysis. The purpose of a tour was defined to be 

“social/recreational” as long as the purpose of any one of the intermediate stops in the 

tour was “social recreational”. In the NHTS a “social/recreational” trip includes activities 

such as go to gym/exercise/play sports, rest or relaxation/vacation, visit friends/relatives, 

go out/hang out for entertainment/theater/sports event/go to bar, and visit public places 

(historical site/museum/park/library). Only 11,516 couple-adult, two-vehicle households 

had social-recreational tours. 

 Next, each tour was classified as either solo or joint by matching its attributes 

(start- and end- times, mode, and purpose at every stop) to that of those of tours 

undertaken by the other household member (adult or child). The joint tour is defined as 

one in which the multi household members leave home together, engage in the 

social/recreational activity jointly, and then return home together possibly after engaging 

in other activities together as well. It is useful to recognize that the national samples of 

the NHTS do not include detailed spatial information on the trip ends. Therefore it was 

not possible to perform the spatial matching of trips by the different household members. 

We have conducted a consistency check using the 2009 Florida add-on samples which 

include the spatial information on each trip end. With the same social-recreational tours, 

1,522 tours (this number was counted at the person-level) were pulled out as joint cases 

with the additional attribute of trip end locations, as opposed to 1,572 joint tours without 

the location information, which in turn concludes that the definition of a joint tour without 

the spatial information is still enough to be used. 

A solo tour is defined as one in which all segments of the tour are undertaken 

independently of the other household member. The very few cases of partially-joint tours 
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(the two household adults traveling together for part of the tour) were simply re-classified 

as solo tours (such as riding purpose travel). For all the social-recreational tours, the 

mode of travel was identified (based on the mode used to access the first social-

recreational stop within the tour), and if a household vehicle was used, the attributes of 

this vehicle was determined as well.  
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Figure 4-1. Vehicle allocation patterns by primary user 
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Figure 4-1 presents the overall vehicle-allocation patterns for all the solo and joint 

tours undertaken by the households in the analysis sample. The 11,516 households 

generated a total of 16,065 solo tours and 3,357 joint tours (all these are social-

recreational tours). Among the solo tours, about 70% were undertaken using a 

household vehicle and the rest were undertaken using other modes (transit, walk, bike, 

or non-household vehicle are possible options but about 77.3% of these tours were 

made using the walk/bike mode and a substantial fraction of these tours were less than 

4 miles in length). The focus of this study is on the 11,075 tours made using a household 

vehicle. These are further classified based on whether any time-overlaps exist with other 

tours generated in the same household. The existence of time overlap with a solo social-

recreational tour indicates that there is at least one other previous tour in time-order (of 

any purpose and using any household vehicle) that was undertaken by some other 

household member that started or ended within the time duration of the social tour under 

consideration. It is useful to make this distinction as the presence of an overlapping tour 

may limit the availability of specific vehicles for the solo social tour. In our sample, 34% 

of the solo social tours (made using a household vehicle) had time overlaps and the rest 

did not. The vehicle allocations are examined for each case in terms of whether the adult 

used his/her primary vehicle. Not surprisingly, in over 79% of the cases, the vehicle used 

on the solo social tour is the primary vehicle of the driver making the tour (or 

equivalently, the adult making the tour is the primary user (PU) of the vehicle used for 

the tour). The share is higher (89% versus 79%) in the case of tours with time overlaps, 

as would be expected. Broadly, the descriptive analysis highlights that the “primary user” 

variable is perhaps the most dominant predictor of vehicles used for solo social travel.  
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The joint tours are subdivided into two groups based on the number of adults in 

their travel party composition. About 22% (731 tours) of the joint tours involve one adult 

and one or more children and the rest involve both household adults (with or without the 

presence of other children in the tour).  

Among the joint tours involving one adult and children, 623 (85.2%) were 

undertaken using household-owned vehicles and 108 (14.8%) joint tours by a non-auto 

mode or non-household owned vehicles. On further classifying the 623 tours by time 

overlaps and examining the vehicle used, we still find that the driver (adult) of the joint 

tour is very likely to use his/her primary vehicle for joint tours with children. As would be 

expected, the likelihood using the primary vehicle is higher (85% versus 67.5%) when 

there are time overlaps present. This analysis highlights that the “primary user” variable 

is still the most dominant predictor of vehicles used for joint travel of an adult with 

children for social tours.   

Finally, we examine the remaining 2,626 (78.2% of all joint tours) tours created by 

both adults with or without children in their travel party composition. Among them 316 

(12.0%) joint tours were not undertaken by household owned vehicles (again, about 

79.5% of these tours were made using the walk/bike mode and a substantial fraction of 

these tours were less than 4 miles in length). In this case, the issue of time-overlaps 

does not arise as both adults are undertaking the joint social tour under consideration 

(solo tours of children are not considered in this analysis). Thus, both vehicles are 

always available for use in the joint tour. In this case, it is interesting to note that the 

vehicle used for the joint tour is not the same (43.5%) as the primary vehicle of the driver 

of the joint social tour.  
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Overall, the exploratory analysis indicates that knowing the primary driver of each 

vehicle is important from the standpoint of allocating vehicles to solo tours and joint tours 

made by one adult with children. While current activity-based models do predict 

household level car ownership (such as the prediction of whether household has fewer 

cars than drivers), the allocation of vehicles to drivers via a “primary vehicle” or “primary 

user” construct is limited. This chapter contributes towards developing a household-level 

vehicle allocation (primary-driver allocation) module that can be added to the suite of 

long-term choices model in operational ABM frameworks (See Figure 4-2). In the case of 

joint tours involving both household heads, an allocation model is developed in this 

study to predict the choice of household vehicle (vehicle-type choice) to be used for 

making the tour (conditional on choosing a household vehicle to travel). This model can 

be applied subsequent to the conventional tour-mode choice models within any 

operational ABM framework (Figure 4-2). 
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Figure 4-2. A conventional ABM framework with two modules developed 
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4.3 Model Structure 

As discussed previously, two models are developed in this chapter: a household-

level driver-allocation model and a tour-level vehicle-allocation model. The former 

allocates one of the household vehicles to the male head (and implicitly the other vehicle 

is allocated to the female) and the latter allocates one of the vehicles to the joint tour 

undertaken by both household heads. In essence both are binary-choice models given 

that there are exactly two alternatives (vehicles). However, there is no common label 

that can be applied to describe the two alternatives. For instance both vehicles owned 

by a household could be sedans or SUVs; alternatively the household could own one 

sedan and one SUV. In some cases, the sedan could be the newer vehicle whereas in 

other cases, the SUV could be the newer one.  

Therefore, the unlabeled approach is used in these models. Specifically, the two 

alternatives are simply referred to as “vehicle 1” and “vehicle 2” with each vehicle 

characterized by several attributes such as make, age, and fuel efficiency. Most of 

vehicle-type and mode-choice analysis use the labeled approach and the constant terms 

associated with each label can be interpreted as capturing the mean effects of the 

unobserved factors associated with that “type” of alternative. However, for example, in 

choosing a car, the decision maker may not always perceive it to be a choice among 

body types; it is possible that the options as viewed as the “newer car” versus the “older 

car” or the “efficient car” versus the “inefficient car” (Hensher et al., 2005). The unlabeled 

approach is more appropriate in such situations and is routinely used in destination-

choice models. 



 

110 

         ∑     

 

 ∑∑   

  

         (4-1) 

where,   an index representing the vehicle (  =1 represents the first vehicle and   

=2 represents the second vehicle in the household; the ordering is arbitrary).  

 In the case of the household-level primary-driver model,    refers to the utility 

obtained by allocating vehicle   to the male head of the household. In the case of the 

tour-level vehicle choice models,    refers to the utility obtained by allocating vehicle   to 

the joint tour.   s are coefficients to be estimated corresponding to the     ( th vehicle 

attribute for alternative  ; examples include body type and age). 

 Since the two alternatives are arbitrary, nonvehicle-related attributes (such as 

socio-economic characteristics) have to be included in the utility function by interacting 

these with vehicle attributes. In our models, the vehicle body type is used as the 

interacting factor.    is a binary value to indicate the vehicle (body) type   (e.g., if 

 =auto then   =1; otherwise 0), which use to create interaction terms for generic 

variables in order for the model to be correctly specified with the vehicle type attribute. 

There are four vehicle types, auto, van SUV, and pick-up and the last type is used as the 

reference category.     s are coefficients to be estimated corresponding to the    ( th 

attribute of household characteristics for the primary-driver allocation model; and  th 

attribute of household and tour characteristics for the vehicle-type choice model) for 

vehicle type  . The unlabeled choice approaches exclude constant terms from all 

alternatives in the utility functions.    is the residual error term for alternative  .  
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Assuming that the error terms are independently and identically Gumbel distributed 

across alternatives, the probability of choosing activity participation pattern   is defined 

as: 

      
       

  

∑         
  

 (4-2) 

The model parameters and coefficients are then estimated by maximum likelihood 

estimates (MLE). 

4.4 Empirical Results 

This section presents empirical results estimated for the household-level primary-

driver allocation model and tour-level vehicle-type choice model. We commonly apply 

80% of the final samples for the model estimations and 20% for predictive assessments. 

All variables identified in Tables 4-1 and 4-2 have been considered as potential 

explanatory variables and the final specification includes only statistically-significant 

effects. The statistical software package SAS version 9.2 is used to estimate models. 

The detailed effects of influential explanatory variables are discussed in the rest of this 

section. 

4.4.1 Primary-Driver Allocation at Household Level 

Table 4-1 presents explanatory variables used for the vehicle primary-driver 

allocation. The values in the table indicate the proportion of categorical variables (such 

as presence of children, household tenure, ethnicity and etc.), and these values sum to 

1. The vehicle attributes were obtained by comparing miles per gallon (reported by 

Energy Information Administration (EIA) by vehicle types and models), model years, and 
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vehicle annual miles to explain which vehicle is more efficient, older, and frequently used 

between two-household vehicles. 

 

Table 4-1. Summary statistics for explanatory variables for primary-driver allocation 

Variables Mean 

Household Attributes  

Household income (1-18, $ 5K interval ) 13.75 
Average age of adults 55.8 (Male) and 53.5 (Female) 

Presence of children (age≤17)       0.32 (Yes) and 0.68 (No) 

Household tenure 0.95 (Owned) and 0.05 (Rented),  
Residential area       0.64 (Urban) and 0.36 (Rural) 
Ethnicity    0.91 (White) and 0.09 (Other) 

Household worker composition 0.47 (Both), 0.21 (Male only), 0.11 (Female 
only), and 0.21 (None) 

Household adults’ driver status 1.00 (Both) and 0.00 (Male only, Female 
only, and None) 

Household vehicle holding types 0.48 (Auto), 0.09 (Van), 0.24 (SUV), and 
0.19 (Pick-up) 

Vehicle Attributes  

Extent of vehicle efficiency 0.5 (More efficient and Less efficient) 

Extent of vehicle oldness 0.5 (Older and Newer) 

Extent of vehicle usage 0.5 (More frequent and Less frequent) 

 Number of households 22,566 

 
 

The unlabeled binary logit (BL) model for the primary-driver allocation decision is 

provided in Table 4-2. The choice is modeled in terms of which vehicle is allocated to the 

male head of the household. The other vehicle is implicitly allocated to the female.  

Impacts of Explanatory Variables 

Vehicle attributes: The primary-driver allocation for the couple-adult households 

is affected by four vehicle attributes: fuel efficiency, extent of vehicle oldness and usage, 

and type of vehicle-body. The vehicle with higher miles per gallon (greater efficiency) is 

more likely to be assigned to the female-adult (i.e., a negative sign on the male-side). 
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The male head has a greater probability of being the primary driver of the older vehicle. 

The vehicle used more extensively (larger annual mileage) is more likely to be allocated 

to the male. In terms of vehicle type, the male is less likely to be the principal driver of a 

SUV. The body-type is also the vehicle attribute that is interacted with the socio-

economic variables, and these are discussed next.  

Socio-economic factors: Four socio-economic factors are turned out to be 

statistically significant, and they are interacted with four vehicle body types by 

referencing ‘Pick-up truck’ as a base category. In the male only worker-households, the 

males is more likely to be the principal driver of autos, while in the female only worker-

households the males is more likely to be the principal driver of Vans. This might be 

explained by the fact that the non-worker males would take more household 

responsibilities (such as home chores, and escorting children, etc.) than do the worker-

females. Consequently, those responsibilities will need a large car. Similarly, females 

with children tend to be the primary driver of larger vehicles (Vans and SUVs). On the 

age effect, we found that older males are more likely to be the primary driver of pick-ups. 

Finally, white males do not prefer to be the primary driver of vans.  
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Table 4-2. Model estimation result for primary-driver allocation 

Vehicle primary driver allocation to the male-adults 

Variables Coeff. t-stat. 

Vehicle Attributes   

Extent of vehicle efficiency   

  More efficient -0.224 -9.25 

Extent of vehicle oldness   

  Older 0.224 11.73 

Extent of vehicle usage   

  More frequent 0.175 9.25 

Type of vehicle   

  Auto - - 

  Van - - 

  SUV -0.696 -3.18 

   

Socio-economic Factors   

Worker composition (either part- or full-time) 

  Male only worker (Auto) 0.436 6.80 

  Male only worker (Van) - - 

  Male only worker (SUV) - - 

  Female only worker (Auto) - - 

  Female only worker (Van) 0.576 3.45 

  Female only worker (SUV) - - 

Male’s age   

  Age (Auto) -0.054 -43.79 

  Age (Van) -0.027 -8.91 

  Age (SUV) -0.031 -9.74 

Ethnicity   

  White (Auto) - - 

  White (Van) -0.415 -2.78 

  White (SUV) - - 

Presence of children   

  Child (Auto) - - 

  Child (Van) -1.175 -11.17 

  Child (SUV) -0.506 -6.32 

   

Observations 18,053 HHs 

Log-likelihood at zero coefficients -12513.4 

Log-likelihood at convergence -17099.6 

Rho-squared  0.268 
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Predictive Assessments 

Since an unlabeled approach is employed for model development, it is difficult to 

directly picture the vehicle-allocation patterns (at both the household- and tour- levels) in 

terms of commonly-use labels for vehicle types. For instance, it is not directly evident 

what types (body type) of vehicles are allocated more to men than women or how much 

more likely are men than women to driver less-efficient cars. To examine these, 

predictive assessments are made using the remaining 20% of the analysis sample. The 

estimated models were applied to the validation datasets to determine the probabilities 

assigned to each of “vehicle 1” and “vehicle 2” in the different households. Then these 

probabilities are aggregated by attributes values on the vehicles to determine aggregate 

shares by different labels.  

 Figure 4-3 presents the results of this analysis for the primary-driver allocation 

model. The top portion of the figure presents the allocation by body type across the 

gender categories. Since autos dominate the body-type among the four types 

considered in this analysis, a high proportion of both men and women are allocated to 

the auto. However, women are more likely to be allocated the auto than men and a 

similar trend is observed for both SUVs and Vans. However, men are much more likely 

to be allocated a pick-up than women. The bottom charts in the figure present the results 

based on vehicle age, usage and efficiency. Clearly men are more likely to use older 

and less-fuel-efficient vehicles. However, the differences based on overall usage (VMT) 

are not very pronounced. All charts in Figure 4-3 present both the predicted (darker and 

thinner bars) and observed (lighter and thicker bars) patterns and it is evident that the 

observed patterns are fairly closely replicated by the model. 
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Figure 4-3. Observed- and predicted primary-driver allocation patterns 
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4.4.2 Vehicle-Type Choice at Joint Tours  

Table 4-3 presents explanatory variables used for the vehicle-type choice 

modeling. 2,310 social-recreational joint tours conducted by 2,219 households are 

utilized for the estimation. Similarly, the values of categorical variables indicate the 

proportions summing to one. The fuel cost is calculated as: (Tour distance × Gasoline 

price on the traveled date) / (EIA derived mile per gallon × Number of passengers), and 

following the equation 2.19 U.S. dollars were spent per passenger (including driver) for 

the joint tour engagements. Among the vehicle types, “Auto” is the most dominated 

possession type (49%). For the identification of primary user of the vehicle, 6% of 

vehicles were not specified from the survey in terms of who the primary user is. In this 

case, we assumed that the vehicles could be used by anyone in the household. Thus, 

this share is remained as the same in the variables of work status and gender of primary 

user (i.e., NA=0.06). Overall, the primary users of the vehicles are likely to be either non-

workers (51%) or male-adults (52%). Also, non-gasoline (such as hybrid and electricity) 

vehicles are much less populated than the gasoline vehicles. Lastly, vehicle oldness and 

usage are provided to explain which vehicle is older and frequently used between two-

household vehicles.  
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Table 4-3. Summary statistics for explanatory variables for vehicle-type selection 

Variables Mean 

Household Attributes   
Household income (1-18, $ 5K interval ) 12.81 

Average age of couple-adults (age ≥ 18) 59.25 
Ethnicity 0.92 (White), 0.08 (Other) 
Household tenure  0.94 (Owned), 0.06 (Rented) 
Residential area 0.71 (Urban), 0.29 (Rural) 

Number of households 2,219 

 
Tour Attributes 

 

Entire tour distance (miles) 35.99 

Number of passengers 0.82 (Two or three), 0.12 (Four),   
0.06 (Five+) 

Number of stops 2.88 (including the return home stop) 

Presence of children (age≤17) 0.11 (Yes), 0.89 (No) 

Social-recreational trip purpose 0.49 (Recreational), 0.03 (Vacation),  
0.48 (Visit friends or site) 

Primary tour purpose (the stop purpose 
with the longest dwell time) 

0.00 (Mandatory), 0.30 (Maintenance),  
0.70 (Discretionary) 

Departure time 0.38 (Peak, 7-9:30 a.m. or 3:30-6 p.m.), 
0.62 (Off-peak) 

Travel day 0.39 (Mon-Thu), 0.61 (Fri-Sun) 

Number of joint tours 2,310 

 
Vehicle Attributes 

 

Fuel cost per passenger ($) 2.19 

Vehicle type 0.49 (Auto), 0.09 (Van),  
0.22 (SUV), 0.20 (Pick-up) 

Work status of primary user 0.43 (Worker), 0.51 (Non-worker),   
0.06 (NA) 

Gender of primary user 0.52 (Male-adult), 0.42 (Female-adult),  
0.06 (NA) 

Fuel type 0.97 (Gasoline), 0.03 (Other) 

Extent of vehicle oldness 0.50 (Older, Newer) 

Extent of vehicle usage 0.50 (More frequent, Less frequent) 
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Impacts of Explanatory Variables 

Vehicle attributes: The vehicle-type choice for social-recreational joint tours was 

found to be affected by five vehicle attributes (see Table 4-4): fuel cost per passenger, 

work status of primary user, vehicle fuel type, extent of vehicle oldness and usage. The 

vehicle consuming less fuel costs per passenger is more likely to be selected for the 

joint social-recreational travel. There is also a preference for alternative-fuel vehicles 

(such as hybrid and electricity cars). Both these results suggest a preference for cost-

reductions in making choices about joint social-recreational travel. Older vehicles are 

preferred less for joint social tours and those that are used more in the overall (greater 

annual mileage) are also used for joint tours. The car which is the primary vehicle of the 

worker in the household is less likely to be used for joint social-recreational tours. This is 

probably because the vehicle used for daily commute is generally the smaller vehicle in 

the household fleet.  

Tour attributes: The decisions on vehicle-type choice for social-recreational joint 

travels found to be affected by four different tour attributes: number of passengers, 

presence of children, detailed tour purpose, and travel day. The size of the travel party 

clearly affects the choice of the vehicle to use used with larger travel parties being more 

likely to travel in larger vehicles. For travel party size of three or less, the SUV has a 

strong preference. However, for travel parties of size four or more, the van is preferred if 

one is available. In terms of the composition of travel party, if there is at least a child on 

the joint travel, automobiles are found less likely to be used for that travel, which seems 

reasonable since the larger vehicles are generally perceived to be safer for transporting 
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children. Travel for vacation and travel during week-end days indicate a preference for 

larger cars, especially SUVs.  
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Table 4-4. Model estimation result for vehicle-type selection 

Vehicle type selection for joint tours 

Variables Coeff. t-stat. 

Vehicle Attributes   

Fuel type   

  Gasoline -0.680 -2.79 

Extent of vehicle oldness   

  Older -0.495 -8.72 

Extent of vehicle usage   

  More frequent 0.549 9.48 

Fuel cost per passenger ($) -0.040 -1.64 

Work status of main user   

  Worker -0.235 -2.19 

   

Tour Attributes   

Number of passengers   

  3≤ passengers (Auto) 0.318 2.43 

  3≤ passengers (Van) - - 

  3 ≤passengers (SUV) 0.382 2.31 

  4 passengers (Auto) 0.565 1.75 

  4 passengers (Van) 1.778 3.85 

  4 passengers (SUV) 1.480 3.69 

  5≥ passengers (Auto) - - 

  5≥ passengers (Van) 1.186 2.37 

  5≥ passengers (SUV) 0.735 1.80 

Detailed social-recreational tour purposes 

  Vacation (Auto) - - 

  Vacation (Van) - - 

  Vacation (SUV) 0.789 1.67 

Presence of children   

  Child (Auto) -0.626 -2.17 

  Child (Van) - - 

  Child (SUV) - - 

Travel day   

  Fri-Sun (Auto) 0.417 2.39 

  Fri-Sun (Van) 0.720 3.09 

  Fri-Sun (SUV) 0.499 2.27 

 
Observations 

 
1,848 joint tours 

Log-likelihood at zero coefficients -1280.9 

Log-likelihood at convergence  -1051.8 

Rho-squared  0.179 
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Predictive Assessments  

 Figure 4-4 presents similar analysis for the tour-level vehicle allocation models. 

Vans and SUVs are more likely than not to be allocated as the vehicle for joint tours. In 

contrast pick-up trucks are generally not likely to be allocated as the vehicle for the joint 

tours. Newer vehicles, vehicles that are used more in the overall (annual miles) and the 

non-workers primary vehicle are more likely to be allocated to the joint tour. The effect of 

the newer vehicle is particularly striking.  
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Figure 4-4. Observed- and predicted vehicle-type choice patterns 
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4.5 Summary 

Predicting the vehicle used for individual trips and tours can help improve the 

quantification of energy consumption, quality of emissions forecasts, and assess 

impacts of policies that vary by vehicle type. However, this aspect has not been 

extensively incorporated into activity-based modeling frameworks. The focus of this 

chapter is to contribute towards that end. Data from the 2009 National Household Travel 

Survey are used in this analysis. The empirical scope of primary-driver allocation 

analysis is limited to two-adult two car households where one vehicle is allocated to the 

male whereas another to the female and further limited to the context of social-

recreational tours for the vehicle-type choice analysis; however, this methodology can 

be directly extended to other cases as well.  

An exploratory analysis indicates that the “primary driver” variable is perhaps the 

strongest predictor of the vehicle allocated to independent tours and tours made by 

adults with children. This indicates that the vehicle choice for independent travel is 

largely a long-term decision: each household member is designated as the “primary 

driver” of a vehicle and this vehicle is mostly used for all solo travel of the member.   In 

the case of joint tours, there is clearly a choice of vehicle to be made. Households may 

make trade-offs between the need for a larger vehicle to comfortably accommodate the 

entire travel party and the higher costs associated with using the larger vehicles.  

Following the exploratory analysis, two models were developed. One allocates 

each vehicle to a primary driver in the household (long-term, household-level model). 

The second allocates a vehicle for the joint tours (short-term, tour-level model). Both 

models were estimated using the unlabeled binary logit methodology. Several vehicle 
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attributes (such as size/body type, fuel efficiency, age, and operating costs) and socio-

economic variables (age, and presence of children) were estimated to be statistically-

significant predicators of the vehicle-allocation patterns. In the case of vehicle choice for 

joint tours, the day of the week and the travel party composition of the tour also affected 

the vehicle chosen. Predictive analyses clearly demonstrate the overall intuitive 

reasonableness of the estimated models.  

The chapter also identifies how the estimated models from this study can be added 

to operational ABM frameworks currently being implemented to enhance the model 

predictions to include the explicit identification of specific vehicles used for solo and joint 

tours.   
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CHAPTER 5 
MODELING THE CHOICE OF TIME OF DAY OF TRAVEL FOR JOINT SOCIAL-

RECREATIONAL TOURS  

5.1 Background 

This chapter presents a model for the time-of-day choice for joint social-

recreational tours. Although there is a substantial body of literature on modeling time-of-

day of activities and travel, many of such studies focus on work trips. These trips 

generally do not involve joint travel and are often the first trips to be scheduled in a day 

(therefore the entire day is “available” for these trips). Joint travel, on the other hand, 

requires the temporal synchronization of travel of all members of the travel party. 

Further, these trips are often scheduled within specific time windows of the day after 

other constrained travel such as commute has been scheduled. 

This chapter describes how the time constraints of multiple persons can be 

effectively accommodated into determining the choice set and, subsequently, the choice 

of timing of joint tours. A two-step modeling approach is proposed. The first model 

predicts the time-window chosen for pursuing the joint discretionary tour and the second 

model locates the tour within the time window by determining the start- and end-times of 

the tour simultaneously on a continuous scale.  

The empirical scope of this work is limited to joint tours untaken by couple-

households with or without the presence of children. The rest of this chapter is organized 

as follows. A description of the data used for analysis is presented first. This is followed 

by a description of the model structure. The empirical results are then presented and 

discussed. 
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5.2 Data Assembly 

The data used in this analysis comprise 2,609 joint tours undertaken by couple-

adult households obtained from the 2009 US National Household Travel Survey (the 

procedure for assembling this sample was discussed in detail on Chapter 4). These 

tours involved the participation of both household adults (male and female). Children, if 

present in the household, could have also been a member of the tour party. These tours 

were undertaken either in a household vehicle, a non-household vehicle, or by non-

motorized modes (walk or bike).  

Figure 5-1 and 5-2 show the observed time- of-day distributions (departure times 

from home and arrival times at home for the joint tours) from worker- and nonworker-

households, respectively, using 1-hour time period. The departure times have the 

highest peak at around 5-7 PM on the worker-households, whereas at around 10-11 AM 

on the nonworker-households: the earliest departure time was observed at 4:16 AM and 

the latest departure time at 11 PM over the entire samples. Similarly, the different time of 

day pattern was found in the arrival time observation based on the household work 

status. For example, the arrival times have the highest peak at around 8-10 PM for the 

worker-households, whereas the peak early starts from around 4 PM. Still, 3.4% (88 out 

of 2,609 tours) tours arrived at home after the midnight.  
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Figure 5-1. Departure- and arrival- time distributions for joint tours (worker-households) 

 

Figure 5-2. Departure- and arrival- time distributions for joint tours (nonworker-
households) 
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The first step in the overall data assembly procedure was the identification of the 

available time-windows for the joint discretionary tour. The procedure is conceptually 

illustrated in Figure 5-3. In this example, the male undertook a mandatory tour from 7:20 

AM to 5 PM and no maintenance tours. Therefore, two time window are available for 

scheduling the social-recreational activities: the first time window from 4:00 AM (start of 

the survey day) to 7:20 AM and a second time window from 5 PM to 4 AM of the next 

day (end of survey day). The female, who undertakes two maintenance tours, has three 

windows potentially available for social-recreational participations. Thus, two time 

windows are commonly available for joint travel by these two persons: the first time 

window starts 4 a.m. and continues until 7:20 a.m. and the second window starts at 7:30 

p.m. and continues until 4 a.m. on the following day. Overall, the process of determining 

time windows involves blocking out times of the day in which either adult undertook 

mandatory or maintenance tours. Independent discretionary tours are assumed to be 

scheduled after scheduling joint discretionary tours. It is also useful to note that time 

windows of less than five minutes were disregarded. 
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Figure 5-3. A conceptual illustration for determination of time windows 

 

On completion of the above analysis for all 2,609 joint tours, 855 (32.8%) had one 

time window. These represent the cases in which both household adults did not 

undertake either mandatory or maintenance tours during the day and, hence, had the full 

day available for scheduling the joint social tours. About 44.6% (1,164 out of 2,609) of 

the households has two time windows available, 17% has three, 4.4% had four, and 

about 1.2% had five or more. The cases with five or more time windows were excluded 

from further analysis.  

Table 5-1 shows the distribution of number of time windows by household type 

(number of workers in the household). We can see that non-worker households are 

more likely to have one time window whereas the worker households are more likely to 

have two time windows.  

  



 

131 

Table 5-1. Number of time windows by worker composition 

Worker composition 
1-Time 
Window 

2-Time 
Windows 

3-Time 
Windows 

4-Time 
Windows 

Dual-worker 
Single-worker 
Non worker 

186 (23.3%) 
200 (24.9%) 
414 (51.8%) 

383 (34.3%) 
326 (29.2%) 
407 (36.5%) 

128 (30.0%) 
117 (27.5%) 
181 (42.5%) 

31 (28.4%) 
38 (34.9%) 
40 (36.7%) 

Num. of households 
(2,451) 

800  1,116  426  109  

 

Table 5-2 presents the mean starting and ending time for each time window across 

the corresponding joint tours. Note that, by definition, the start time for the first time 

window is 4 AM (start time of the survey day) and the end time of the last time window is 

4 AM of the next day (end time of the survey day). 

 

Table 5-2. Average start and end times of time windows 

Number of time 
windows 
available 

Time window 1 Time window 2 Time window 3 Time window 4 

Start End Start End Start End Start End 

2-Time windows 
(1,164 tours) 

4:00 
am 

10:51 
am 

2:35 
pm 

4:00 
am 

- - - - 

3-Time windows 
(442 tours) 

4:00 
am 

9:38 
am 

12:04 
pm 

3:12 
pm 

4:49 
pm 

4:00 
am 

- - 

4-Time windows 
(115 tours) 

4:00 
am 

8:51 
am 

10:27 
am 

12:02 
pm 

1:32 
pm 

4:19 
pm 

5:38 
pm 

4:00 
am 

 

The chosen time window is identified from the available time windows by 

comparing the start- and end- times of the tour with those of the windows.  

The temporal position of the tour within the chosen time window is determined in 

terms of the duration of time before departure for the tour (“pre-tour” duration from start 

of time window to start of tour), the tour duration (“tour-based” duration from start of tour 

to end of tour), and duration of time after the end of tour (“post-tour” duration from end of 
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tour to end of time window). All these durations are converted into proportions of the 

total time window durations. On an average, 26.6% of the time window was pre-tour, 

26.5% was tour-based (this is the fractional time consumed for the joint tour given the 

time windows chosen, and the average duration of tour engagements is 3.65 hours), and 

46.9% was post-tour. It is useful to note that it is possible for the tour to depart at the 

start of the time window (pre-tour proportion = 0) and/or end at the end time of the time 

window (post-tour proportion = 0). 

5.3 Model Structures 

This section of the chapter describes the modeling approach. The time of day 

choice for the joint social-recreational tour (start- and end- times) is modeled using a two 

step approach. First, the choice of time window is modeled using an unlabeled discrete-

choice modeling approach. Next, the start- and end- times of the joint tour within the 

chosen time window is modeled on a continuous time-scale using a fractional split 

model. Each of these is discussed in detail next. 

In modeling the time-window selection, the unlabeled discrete-choice approach is 

used. This is similar to the approach used for vehicle-type choice in Chapter 4. This 

allows the treatment of alternatives as having generic labels such as “Time Window 1” 

and “Time Window 2”. Further the number of alternatives also varies from 2 to 4 time 

windows. As would be expected, for households which have the entire day available for 

making joint tours (i.e., only one time window) are not included in the model for time-

window choice.  

The utility function is expressed as: 
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         ∑     

 

 ∑∑  

  

         (5-1) 

where,   an index representing the time windows (  =1 represents the first time window 

and   =2 represents the second time window in the household; they are chronologically 

ordered).    refers to the utility obtained by choosing time window   for the joint tour.   s 

are coefficients to be estimated corresponding to the     ( th time-window attribute for 

alternative  ) Examples of time-window specific attributes include duration of time 

window and temporal location. The temporal location of the time window is defined 

based on the start and end times of the time window and include the following six 

options morning-morning (MM), morning-noon (MN), morning-evening (ME), noon-noon 

(NN), noon-evening (NE), and evening-evening (EE). These variables are defined in 

further detail later on. 

 Since non-time window-related attributes (such as tour attributes and socio-

economic characteristics) are generic, those variables are treated as the alternative 

specific variables in the utility function by interacting with time window attributes. 

Throughout the modeling, the temporal location of time window is used as the interaction 

factor. Therefore,    , a binary value to indicate the temporal location t (MM, MN, ME, 

NN, NE, and EE: e.g., if t=MM then   =1; otherwise 0), is used to create interaction 

terms for the generic variables. The last temporal location (i.e., EE) is used as the 

reference category.     s are coefficients to be estimated corresponding to the    ( th 

attribute of tour and household characteristics for the vehicle-type choice model) for 

temporal location  . The unlabeled choice approaches exclude constant terms from all 

alternatives in the utility functions.    is the residual error term for alternative  .  
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Assuming that the error terms are independently and identically Gumbel distributed 

across alternatives, the probability of choosing the time window   is defined as: 

      
        

∑          
 (5-2) 

 

Next, we use fractional-split logit model to the exact start- and end- times of the 

joint tour conditional on having chosen a time window. The temporal position of the joint 

tour within the chosen time window effectively splits the time window into three periods: 

the “pre-tour” period from start of time window to start of tour, the “tour-based” period 

from start of tour to end of tour, and the “post-tour” period from end of tour to end of time 

window). Thus the start and end times of the tour can be modeled by determining the 

proportional allocation of the time window duration to the three periods. 

Let     be the fraction of the total time-window duration   allocated to period   

( =pre-tour, tour-based, and post-tour) such that: 

        

(5-3) 
∑    

    

       

where,   is the set of three periods available to each person.      is then  specified as: 

    
          

∑               

          (    )       (5-4) 

where,     represents a vector of explanatory variables corresponding to time window   

and alternative  .   is a coefficient to be estimated.     is the residual error term without 

substantive behavioral interpretation.  
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The parameters of the above model are estimated using a quasi-likelihood 

estimation approach by maximizing the following log-likelihood function:  

   ∑ ∑        (    ) 
   

     

  
(5-5) 

5.4 Empirical Results 

This section presents the empirical model results. The model for the choice of time-

window is presented first followed by the model for the time-of-day of tours within the 

chosen time window. We commonly apply 80% of the final samples for the model 

estimations and 20% for predictive assessments. The statistical software package SAS 

version 9.2 is used to estimate the models. Several factors were considered as potential 

explanatory variables but the final specification includes only statistically-significant 

effects.  

5.4.1 Time Window Choice 

Table 5-3 present descriptive statistics for the explanatory variables considered in 

the time window choice modeling. The values in the table indicate the proportion of 

categorical variables (such as presence of children, household tenure, ethnicity and 

etc.), and these values sum to 1. Activity types undertook before and after the time 

window have been identified by gender. As an example, there are 11 percent of time 

windows that come after “Mandatory activity by male”, and 10 percent come before 

“Mandatory activity by male”. Another time window attribute is an identification of specific 

time zones for the time window. To do so, 24 hours were discretized into three time 

zones: 4 AM to 11 AM as Morning (M), 11 AM to 4 PM as before/after noon (N), and 4 

PM to 4 AM of next day as evening/night (E). Two sets of three time zones from the 
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starting and ending time of each time window produce six different combinations:  MM, 

MN, ME, NN, NE, and EE (i.e., ME represents the time window starts in the morning and 

ends at night). In the other attributes, there are 10 percent of tours that traveled with 

children. Many of the samples are represented as vehicle-tours: only 14 percent 

conducted by walking or bicycling. One-third (33%) of sample was comprised from the 

multi-worker household, whereas another one-third (38%) from the nonworker 

households. 
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Table 5-3. Summary statistics for explanatory variables for time window selection 

Variables Mean 

Time Window Attributes  

Length of time window (hours) 8.42 (5.01) 

Tour engagement types before the time window  

     Mandatory tour by male 0.11 

     Mandatory tour by female 0.07 

     Maintenance tour by male 0.32 

     Maintenance tour by female 0.30 

Tour engagement types after the time window  

     Mandatory tour by male 0.10 

     Mandatory tour by female 0.07 

     Maintenance tour by male 0.33 

     Maintenance tour by female 0.30 

Temporal zone of time window  

     MM/MN/ME/NN/NE/EE 0.31/0.13/0.09/0.05/0.22/0.20 
 

Tour Attributes 
 

Presence of children  

      No/Yes 0.90/0.10 

Mode used for the joint tour  

      Walk or bike/Auto 0.14/0.86 

Social-recreational trip purpose  

      Recreational/Vacation/Visit friends or site 0.56/0.03/0.41 

Traveled on Mon-Thu/Fri-Sun 0.40/0.60 

Number of intermediate stops  

      1/2/3/4+ 0.66/0.17/0.08/0.09 
 

Household Attributes 
 

Household income (1-18, $ 5K interval) 13.26 (4.62) 
Presence of children  
      Children (age≤17)/No child 0.10/0.90 

Average age of couple-adults (age ≥ 18) 56.1 (18.61) 
Owned household/Rented  0.95/0.05 
Residential area   
      Urban/Rural  0.75/0.25 
Ethnicity   
      White/Other  0.92/0.08 

Household worker composition  

      Dual/Single/None 0.33/0.29/0.38 

 Number of joint tours 1,721 

Note: parenthesis is a standard deviation 
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The unlabeled multinomial logit (MNL) model for the time window allocation 

decision is provided in Table 5-4. The choice is modeled in terms of which time window 

is allocated to the social-recreational joint tour that is undertaken within the time window.  

Time window attributes 

The time window allocation for the social-recreational joint tours is affected by four 

time window attributes: length of time block, temporal zones of time window, and tour 

engagement types before and after the time window. The effect of the length of time 

wind indicates that social-recreational joint tours are more likely to take place within time 

windows of longer duration. The temporal zone variables suggest that social-recreational 

joint tours are more likely to be pursued during the midday and evening periods, while 

less likely to be participated in during the morning periods. In terms of tour engagement 

types before and after the time windows, the time window is more likely to be allocated 

to the join tour when there are maintenance tours (by either a male or a female) were 

conducted prior to the time window. Conversely, the time window is less likely to be 

selected for the joint tour when followed by a mandatory tour, regardless of gender.  

Overall, the impacts of the tour engagement types on the time window allocation 

suggest that social-recreational joint tours are more likely to take place after the 

engagements of maintenance and mandatory tours. This might be a plausible reason 

that the decision of social-recreational activity engagements in general come after the 

decisions of mandatory and maintenance activities in the existing activity-based model 

frameworks. The temporal zone variables are used in interacting with social-economic 

variables through the modeling, and these are discussed next.  
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Socio-economic and Tour attributes 

Three socio-economic factors and one tour attribute appear in the final model 

specification: presence of children, household work status, average age of the adults, 

and transportation mode used for the social-recreational joint tour. They are interacted 

with temporal zone variables by referencing ‘EE (evening and night periods)’ as a base 

category. Joint tours with children tend to be pursued during the period of between the 

morning and evening. This may be related to the need of sharing more time with their 

children for recreational pleasures. Couple-worker households are unlikely to participate 

in social-recreational joint tours during the periods of between the morning and midday. 

This is a reasonable result since such individuals are at work during these times. On the 

age effect, aging showed a positive sign on the morning periods. This suggests that the 

older couples are more likely to take a part of morning periods for their social-

recreational activities. Lastly, negative impacts on the time periods of ME (morning and 

evening) and NE (noon and evening) were explored in the case of joint tours conducted 

by walk or bike modes. This is quite intuitive because the tours conducted by non-auto 

modes would take short time duration rather than do the auto-travel.  
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Table 5-4. Model estimation result for time window selection 

Variables Coeff. t-stat. 

Time window Attributes    

Length of time window available (hours) 0.165 10.48 

Temporal zone for time window available   

    MM (Ranged between morning and morning) -0.744 -3.02 

    MN (Ranged between morning and noon) - - 

    ME (Ranged between morning and evening/night) - - 

    NN (Ranged between noon and noon) - - 

    NE (Ranged between noon and evening/night) 0.791 5.64 

    EE (Ranged between evening/night and evening/night) Base Base 
Tour engagement types before the time window   
     Mandatory tour by male - - 
     Mandatory tour by female - - 
     Maintenance tour by male 0.277 2.23 
     Maintenance tour by female 0.305 2.55 
Tour engagement types after the time window   
     Mandatory tour by male -0.801 -3.63 
     Mandatory tour by female -0.780 -5.15 
     Maintenance tour by male - - 

     Maintenance tour by female - - 

   

Socio-economic & Tour Attributes   

Presence of children   

    Child (ME) 1.791 4.97 

    Child (EE) Base Base 

Household work status   
    Dual-worker (MN) -0.517 -2.63 
    Dual-worker (EE) Base Base 

Average age of couple-adult   

    Average age (MM) 0.007 1.75 

    Average age (MN) 0.004 1.97 

    Average age (EE) Base Base 
Transportation mode used   
    Non-auto mode (ME) -1.412 -2.17 

    Non-auto mode (NE) -0.549 -2.29 
    Non-auto mode (EE) Base Base 

Observations 1,377 joint tours 

Log-likelihood at zero coefficients -1800.1 
Log-likelihood at convergence -1283.2 
Rho-squared 0.287 
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Predictive Assessments 

Remaining 20% of the analysis sample (344 joint tours) is used for predictive 

assessments. The  estimated model was applied to the validation datasets to determine 

the probabilities assigned to each of “time window 1”, “time window 2”, “time window 3”, 

and “time window 4”. The number of alternatives can vary tour by tour, and the labels do 

not have any specific meanings, beside that they were assigned chronologically. The 

probabilities are estimated using the significant attributes on the joint tours to determine 

aggregate shares by different labels. 

Figures 5-4 to 5-6 present the results of this analysis for the time window allocation 

model. The first figure presents the observed and predicted patterns in terms of the start 

time of time windows with one-hour time periods. 4 AM (24%) is dominated as the start 

time of chosen time windows from the observation. The model under-predicts the 

proportion at 4 AM, while over-predicting the proportions mostly at 11 AM to 2 PM. It is 

evident that the time windows started at around 11 AM to 6 PM (64%) are more likely to 

be chosen for the joint tours. Figure 5-5 presents similar patterns in terms of the end 

time of time windows. 4 AM of next day (67%) is observed as the highest proportion from 

the observation, and the model over-predicts at this time.  

Temporal locations of the chosen time windows (i.e., combinations of start/end 

time of time window) are presented in Figure 5-6 with 6 labeled locations. 39% of 

chosen time windows spanned from N (11 AM to 6 PM) to E (4 PM to 4 AM) are 

preferred to take place joint discretionary tours. There are minor over-prediction on the 

proportion of “M to M” (M is from 4 AM to 11 AM) and under-prediction on the proportion 

of “M to N”. Overall, the time window allocation model closely replicates the observation.
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Figure 5-4. Observed- and predicted-distributions of time window (start time) 
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Figure 5-5. Observed- and predicted-distributions of time window (end time) 
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Figure 5-6. Observed- and predicted-distributions of time window (temporal location)
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5.4.2 Time of Day Choice Conditional on Time Window 

Table 5-5 shows the time window attributes used for the fractional time split 

modeling. The length of time window for the chosen was increased to 12.36 hours, 

compared to the one presented in the Table 5-3. The identification of activity type 

engagements undertook before and after the time window explains more insights of the 

time window selection behavior. That is, social/recreational activities are more likely to 

be engaged in after the mandatory activity engagements regardless of gender (19% and 

12% before the time window vs. 3% and 2% after the time window). Similarly, such 

pattern is explored in the case of maintenance tour engagements. However, the 

threshold of engaging in social/recreational joint tours seem not clear whether the 

engagements come after the maintenance tours (20% and 17%), as the mandatory 

tours. On the location of temporal zones, we further segmented the time zones into five 

(these were three zones in the time window selection): 4 AM to 9 AM as early Morning, 9 

AM to 12 PM as late Morning, 12 PM to 4 PM as midday, 4 PM to 8 PM as evening, and 

8 PM to 4 AM of next day as night. By doing so, “early Morning” for the start time and 

“Night” for the end time of the time windows were dominated for the temporal location. 

Lastly, the tour attributes and household characteristics were also accommodated in the 

model estimation process.  
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Table 5-5. Summary statistics of the time windows chosen (Fractional time spent) 

Variables Mean 

Time Window Attributes for the chosen  

Length of chosen time window (hours) 12.36 (3.88) 

Tour engagement types before the chosen time window  

     Mandatory tour by male 0.19 

     Mandatory tour by female 0.12 

     Maintenance tour by male 0.37 

     Maintenance tour by female 0.37 

Tour engagement types after the chosen time window  

     Mandatory tour by male 0.03 

     Mandatory tour by female 0.02 

     Maintenance tour by male 0.20 

     Maintenance tour by female 0.17 

Temporal zone of start time for the chosen time window  

     Early morning/Late morning/Midday/Evening/Night 0.26/0.20/0.34/0.20/0.00 

Temporal zone of end time for the chosen time window  

     Early morning/Late morning/Midday/Evening/Night 0.01/0.04/0.10/0.14/0.70 

Tour Attributes  

Presence of children  

      No/Yes 0.90/0.10 

Mode used for the joint tour  

      Walk or bike/Auto 0.14/0.86 

Social-recreational trip purpose  

      Recreational/Vacation/Visit friends or site 0.56/0.03/0.41 

Traveled on Mon-Thu/Fri-Sun 0.40/0.60 

Number of intermediate stops  

      1/2/3/4+ 0.66/0.19/0.08/0.07 

Household Attributes  

Household income (1-18, $ 5K interval) 13.26 (4.62) 
Presence of children  
      Children (age≤17)/No child 0.11/0.89 

Average age of couple-adults (age ≥ 18) 56.78 (18.79) 
Owned household/Rented  0.90/0.10 
Residential area   
      Urban/Rural  0.75/0.25 
Ethnicity   
      White/Other  0.92/0.08 

Household worker composition  

      Dual/Single/None 0.33/0.29/0.38 

 Number of joint tours 1,721 

Note: parenthesis is a standard deviation 
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The fractional time allocation is estimated using a fractional-split logit model for the 

cases with more than or equal to two time windows available, which is consistent with 

the samples used for the time window selection estimation. As mentioned earlier, the 

time fraction is modeled in terms of how much time is consumed for the joint tour given a 

time window. Table 5-6 presents the model output with three alternatives converted into 

temporal proportions of the tour within the chosen time window (“Pre-tour”, “Tour-based”, 

and “Post-tour”). 

Time window attributes 

The time window attributes in the final model specification include number of time 

windows available, the length of chosen time window, temporal zone of start/end time for 

the chosen time window, and tour engagement types before/after the time window.  

The joint tours with more number of available time windows tend to increase the 

fraction of time allocated to “tour-based” duration. Considering the length of each time 

window available, each length will be shorter in the case with more number of time 

windows than the case with less number. Intuitively, the time window with less time 

period is more likely to be fully used for the tour engagement  than the time window with 

more time period, which causes the variable to be positive on the “Tour-based”. This 

claim is supported by the result of time window length variable (a negative sign on “Tour-

based”). Overall, the later part (zero on “Post-tour”) of fractional time is greater with the 

increase of length of time window.  

In terms of temporal zone of start time for the time window, the duration of “Pre-

tour” is more likely to be increased if the time window starts earlier in the day. Further, 

the length of duration is relatively higher than the later part of the day. Similar patterns 
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are also observed in the “Tour-based” alternative. This may be explained by that the 

joint engagement is more likely to be taken place in the later part of the day (we observe 

the departure times have the highest peak at around 4-8 PM in Figure 5-7), but the joint 

tours that undertake in earlier time tend to have relatively longer tour durations. In 

contrast, the length of “Post-tour” is decreased if that ends at 4 PM to 8 PM, which 

explains the tour arrival time is getting close to the end time of time window.   

Lastly, tour engagement types before the time window were applied only to the 

utility functions of “Pre-tour” and “Tour-based”, while tour engagement types after the 

time window to the utility functions of “Tour-based” and “Post-tour”. We assumed that 

such variables could be more directive factors to the nearby alternative, rather than the 

alternative on far side. By doing so, mandatory and maintenance tour engagements 

(regardless of gender) before the time window affected the length of “Pre-tour” 

decreased. Similarly, the maintenance tour engagements (regardless of gender) after 

the time window also affected the length of “Post-tour” decreased. Overall, social-

recreational joint tours preferably start right after the mandatory and maintenance tour 

engagements (by making the “Pre-tour” fractional time shorter), and tend to end late 

before the maintenance tour engagements (by making the “Post-tour” fractional time 

shorter). 

Socio-economic and Tour attributes 

One socio-economic factor and two tour attributes were turned out statistically 

significant in the final model specification: household work status, transportation mode 

used, and number of intermediate stops in the social-recreational joint tour. The 

fractional time after the joint tour tends to be decreased (i.e., Post-tour) in the dual-
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worker households. This explains the dual-worker households have more likelihood to 

end the joint engagement as close to the end time of given time window as possible. 

Clear evidences of increasing time fractions on “Pre-tour” and “Post-tour” are 

investigated on the variable of non-auto mode. This suggests that social-recreational 

joint tours conducted by walking or bicycling tend to less spend times than do by auto 

modes. Lastly, the time duration for the joint tours is likely increased with the need of 

more intermediate stops.  
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Table 5-6 Model estimation result for fractional time spent 

Variables 
Pre-tour Tour-based Post-tour 

Coeff. t-sta. Coeff. t-sta. Coeff. t-sta. 

Constant 0.319 1.85 - - 0.906 5.38 
       

Time window Attributes       

Number of time windows available - - 0.105 1.67 - - 

Length of time block (hours) -0.105 -3.82 -0.091 -4.14 - - 

Temporal zone of start time for the time window 

    Early morning (4 am – 9 am) 3.322 7.44 0.982 2.96 - - 

    Late morning (9 am – 12 pm) 1.807 4.41 0.529 1.90 - - 

    Midday (12 pm – 4 pm) 1.117 3.28 - - - - 

    Evening (4 pm – 8 pm) - - - - - - 

    Night (8 pm – 4 am) Base Base   Base Base 

Temporal zone of end time for the time window 

    Early morning (4 am – 9 am) - - - - - - 

    Late morning (9 am – 12 pm) - - - - - - 

    Midday (12 pm – 4 pm) - - - - - - 

    Evening (4 pm – 8 pm) - - - - -0.635 -1.86 

    Night (8 pm – 4 am) Base Base   Base Base 

Tour engagement types before the time window  

     Mandatory tour by male -0.741 -2.26 - - - - 

     Mandatory tour by female -0.392 -1.71 - - - - 

     Maintenance4 tour by male -0.805 -2.00 - - - - 

     Maintenance tour by female -0.404 -1.77 - - - - 

Tour engagement types after the time window  

     Mandatory tour by male - - - - - - 

     Mandatory tour by female - - - - - - 

     Maintenance tour by male - - - - -0.988 -3.16 

     Maintenance tour by female - - - - -0.762 -2.38 

       

Socio-economic & Tour Attributes       
Household work status       

    Dual-worker - - - - -0.369 -2.05 

Transportation mode used       

    Non-auto mode  1.584 4.42 - - 1.645 4.95 

Number of intermediate stops -0.428 -4.18 - - -0.282 -3.20 

Observations 1,377 joint tours 

Log-likelihood at zero coefficients -4525.2 
Log-likelihood at convergence -4104.2 
Rho-squared 0.093 
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Predictive Assessments 

The same validation sample used for the predictive assessments of time window 

selection is utilized for the fractional time spent model. Since the fractional model was 

estimated based on the time windows chosen from the observation, the aggregate 

shares by three alternatives are first determined using the final model specification 

presented in the Table 5-6 above. The observed proportional shares on the three 

alternatives are: 25.8% (Pre-tour), 28.2% (Tour-based), and 46% (Post-tour). The 

predicted proportional share on the “Pre-tour” results in high (32.5%), whereas resulting 

in low on the “Tour-based” (25.4%) and on the “Post-tour” (42.1%). Due to the relatively 

small sample size for the validation, the overall predictions are not well fit with the 

observed shares. For example, the predicted shares appear better fit with the observed 

shares using the entire sample (i.e., Pre-tour (29.1%), Tour-based (24.1%), and Post-

tour (46.7%)).  

The predictive assessments thus far were provided independently from the two 

separated models (time window selection and fractional time split). Next predictive 

assessments focus on the representations of predicted departure/arrival times by inter-

relating the calculated probabilities from the two separated models. To do so, we first 

generate a random number ranged 0 to 1 to identify which time window is chosen based 

on calculated probabilities on each sample. Second, the calculated fractional times are 

applied to the time window selected from the previous step to calculate the departure 

and arrival times. Then the single-iteration is tabularized in one-hour time segments for a 

full day to represent time of day distributions. Through the several iterations of such 
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processes, we take the averaged frequencies at each time-of-day to present the tour 

departure/arrival time distributions. 

Figures 5-7 to 5-9 present the results of this analysis. There are three distributions 

across the figures: a dotted red bar represents the observed time of day distribution, a 

horizontally lined blue based on the time window (TW) that actually chosen from the 

observation (this is not related with the results of time window allocation model such that 

it purely shows predictive assessments for the fractional time split model only), and a 

solid blue bar based on the TW model. In common, the two predicted time-of-day 

distributions are relatively similar, while more discrepancies are observed when 

comparing to the observed time-of-day distribution. This issue is caused by the facts that 

the fractional split model is not much accurate to replicate the true observed time 

fractions, and the sample size for predictive assessments is relatively small.  

The proportions at around 11 AM to 4 PM and at 7 PM for departure time-of-day 

distribution (Figure 5-7) are too much under-estimated, whereas over-estimated at 9 PM 

to 3 AM.  Similarly, the proportions of arrival time-of-day (Figure 5-8) at around 12 AM 

and 11 PM to 3 AM are over-estimated, whereas under-estimated around at 3 PM to 

7PM. Figure 5-9 presents the durations of time calculated using the tour departure time 

from home and the tour arrival time at home. There are under-estimations on the time 

durations less than 1.5-hour and greater than 5-hour. The over-estimations are also 

observed in the range of between 2-hour and 5-hour. 
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Figure 5-7. Observed- and predicted-distributions of departure time from home 
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Figure 5-8. Observed- and predicted-distributions of arrival time at home 
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Figure 5-9. Observed- and predicted-distributions of tour duration 
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5.5 Summary 

This chapter presents a systematic procedure to predict the time-of-day choice for 

joint tours. The choice set is generated considering the schedule constraints of both 

adults. The overall choice process is broken down into two steps: the choice of time 

window and the choice of tour-start and end-times within the chosen time window.  

The data used in this analysis comprise 2,609 joint tours undertaken by couple-

adult households obtained from the 2009 US National Household Travel Survey. The 

first step in the overall data assembly procedure was the identification of the available 

time-windows for the joint discretionary tour. Then, the temporal position of the tour 

within the chosen time window is determined in terms of the duration of time before 

departure for the tour, the tour duration (from start of tour to end of tour), and duration of 

time after the end of tour. All these durations are converted into proportions of the total 

time window durations. 

Two models are structured separately to predict the time-of-day schedule: one 

estimates in terms of which time window is allocated to the social-recreational joint tour 

using an unlabeled multinomial logit model, another estimates the time fraction 

consumed for the joint tour given the chosen time window using a fractional-split logit 

model. A wide set of explanatory variables (i.e., time window attributes, socio-economic 

characteristics, and tour attributes) were considered in the model estimations.  

Several time window attributes (such as length of time block, temporal zones of 

time window, and tour engagement types before and after the time window) and socio-

economic and tour variables (presence of children, household work status, average age 

of a couple-adult, and transportation mode used) were estimated to be statistically-
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significant predicators of the time window allocation patterns. In the case of fractional 

time spent for joint tours, number of time windows available, the length of time window 

chosen, temporal zone of start/end time for the time window chosen, tour engagement 

types before/after the time window, household work status, transportation mode used, 

and number of intermediate stops also affected the time fraction. Predictive analyses 

also provide the overall fitness of the estimated models.  
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CHAPTER 6 
CONCLUSIONS 

6.1 Background 

This research endeavors to explain household interactions among household 

members during daily activity- and travel-related decision-making process. However, the 

interactions have not been fully taken into account in the context of discretionary (social-

recreational) travel than mandatory and maintenance travel. We found that social-

recreational purpose leads to an increase in interactions among household members 

and a dominant form of interactions is a trade-off between solo and joint activity 

participation. Within the broad spectrum of modeling social-recreational activities and 

travel, this research focuses on three major aspects: (1) Modeling activity patterns, (2) 

Modeling the choice of household vehicle, and (3) Modeling the choice of time of day for 

joint tours. This study uses data from the 2009 National Household Travel Survey 

conducted in the United States for the estimation of all models. The empirical scope of 

this work is largely restricted to the analysis of the behavior of couple households (two-

adults comprising a male-female couple with or without children). 

The rest of this chapter provides an overview of contributions and followed by 

directions for further research. 

6.2 Contributions 

This research stands on the operational developments that capture household 

interactions throughout the household decision-making process in pursuing social-

recreational episodes, rather than developing a new methodology. Overall contributions 

of this research are indicated in Figure 6-1 (gray color) within a conventional ABM 
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framework. This research contributes toward the understanding intra-household 

interactions and developing operational models that can be applied subsequent to any 

operational ABM framework. 

6.2.1 Modeling the Generation of Social-Recreational Patterns  

The generation of social-recreational activity patterns are based on four different 

decision-making units and methods:  multinomial logit models (household-based model 

with a fully enumerated set of choice alternatives at the household level), multilinear logit 

models (household-based model that considers individual-level utilities and group-

decision making process), parallel choice constrained logit models (person-based model 

ensuring consistency of joint participation choices across decision makers), and tri-

variate binary probit models (multilevel model with inter-dependencies captures via 

correlations). All models are able to effectively capture interactions between household 

heads for the generation of social-recreational activity patterns. We observed a negative 

relationship between one’s solo episode and the counterpart’s joint episodes, whereas a 

positive relationship between one’s solo episode and the counterpart’s solo episode. 

Rainfall was a clear predictor less pursuing social-recreational activities. In terms of 

weight powers, employment status of male-heads likely affects joint decisions in social-

recreational activity participation patterns in working households. 

In the end, we compared the models in terms of predictive abilities and sensitivities 

to specific explanatory factors. The models are empirically similar but differ in terms of 

the behavioral insights they provide and the effort needed to build and use them. Such 

an extensive comparison has not been presented before, and the results from this study 

will serve to inform making trade-offs between modeling simplicity and theoretical rigor.
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Figure 6-1. An overview of research contributions in an ABM framework
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6.2.2 Modeling the Choice of Household Vehicle for Social-Recreational Tours  

Modeling the choice of household-vehicle contributes towards understanding 

household-level vehicle allocation patterns for the choice of vehicle for social-

recreational tours. Two models explore household-vehicle allocations. One allocates 

each vehicle to a primary driver in the household (long-term, household-level model) so 

that the right vehicle may be allocated to the solo tours undertaken by individuals. The 

second model allocates a vehicle for the joint tours (short-term, tour-level model). Two 

models are developed for households with two vehicles, making a binary choice. An 

unlabeled binary-logit approach is proposed for the two models since there are no 

common labels that can be applied to describe the two alternatives: in some cases, the 

decision maker may not always perceive the body types to be a choice; it is possible that 

the options are viewed as the “newer car” versus the “older car” or the “more efficient 

car” versus the “less efficient car”. The explanatory analysis indicates the “primary 

driver” variable as the strongest predictor of the vehicle allocated to solo-tours (with or 

without children). The more efficient (greater miles per gallon), the newer (newer model 

year), and the less used vehicle (larger annual mileages) tends to be allocated to the 

female-head. If a vehicle is newer, used more often, and has more fuel efficiency, then it 

is more likely chosen for making joint social-recreational activities.  

6.2.3 Modeling the Choice of Time of Day for Joint Social-Recreational Tours  

In modeling time of day choice, constructing choice alternatives in the case of joint 

tours requires the temporal synchronization of travel of all members of the travel party. 

This study describes how the time constraints of multiple persons can be effectively 

accommodated into determining the choice set and, subsequently, the choice of timing 
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of joint tours. Many previous studies on time-of-day choice modeling have been 

dominated by discretizing the continuous time into several segmented time blocks. In 

this study, an alternate two-step approach is proposed. The first model predicts the time-

window chosen for pursuing the joint discretionary tour and the second model locates 

the tour within the time window by determining the start- and end-times of the tour 

simultaneously on a continuous scale. We observed joint social-recreational tours are 

more likely to take place within the longer time segment available, particularly during the 

midday and evening periods, and after the engagement of maintenance and mandatory 

purposes. The time period between the morning and midday is less preferred for the 

joint tours in dual-worker households, whereas morning times are more preferred by 

older couples. Overall, the method is shown to be effective from the standpoint of 

predictive accuracy. 

6.3 Further Research 

At the outset of this research, it is necessary to address directions for further 

research in order to become a more useful component of activity-based travel demand 

model system. First, the research scope was limited to couple-adult household 

interactions. In exploring the household interactions, we assumed that children are not 

decision-makers; instead, they are just considered as travel companions. This is critical 

for describing the realistic representations of interactions that take place in various 

household types. Obviously, the interactions need to be extended to households with 

more than two adults, including households with single adult and children. For example, 

the pursuits of leisure activities in the households with children would be motivated more 

frequently by their children. In such cases, the interactions between adults and children 



 

163 

could not be examined in this study. Another aspect of interactions is to explore intra-

personal interactions among activity engagement types undertaken in a full day. Since 

discretionary activity participation patterns are perhaps particularly influenced by 

necessary activities, an explicit model to investigate such interactions among activity 

engagement types in a correlated fashion would further enhance research conclusions. 

On the estimation of decision powers of a person’s utility, we demonstrated that 

employment status of males governs interactions with dissimilar proportions between 

male-heads and female-heads. However, due to the different functional forms of 

likelihood specifications, the interpretations were not consistent between the household 

heads over the MLL and PCL models. This issue may require the development of 

appropriate modeling methods to ensure consistent interpretations.   
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