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 Chapter 1. Introduction 

A fundamental difference between the traditional trip-based approach to travel demand 
modeling and the increasingly used activity-based approach to travel demand modeling is 
the way time is conceptualized and represented in the two approaches. In the trip-based 
approach, time is reduced to being simply a “cost” of making a trip. The activity-based 
approach, on the other hand, treats time as an all-encompassing continuous “tapestry” in 
which individuals “weave” their activity-travel participation decisions to form their daily 
activity-travel patterns. Thus, the basis of the activity-based approach is that individuals’ 
travel patterns are a result of their time-use decisions. Not surprisingly, therefore, time-
use research has taken the center stage in travel demand modeling in recent years. Of 
course, in addition to travel modeling, time-use research has been an interdisciplinary 
social science area of research to (a) examine and appreciate different cultures in the 
anthropology field, (b) understand the impact of urban form on time-use in the 
community and regional planning field, (c) investigate how much time individuals spend 
in physically active pursuits in the recreational science and public health fields, (d) 
explore gender roles and women’s time-use patterns in the feminist economics field, and 
(e) consider work intensity issues (that is, measure work contribution not just in terms of 
work time, but also in terms of the number of different tasks handled per unit of time), 
and analyze the amounts of time individuals spend alone and interact with others 
(especially parents’ time with children and children’s time with new information 
technology devices) in the sociology and child development fields. Another field in 
which time-use has been receiving increasing attention lately is in happiness and well-
being research, where the emphasis has been on time poverty (lack of time for leisure, 
sports, and relaxation activities) and social exclusion (broadly defined as the “inability to 
participate fully in society”, one aspect of which is not being able to participate in the 
“normal activities of daily life”; see Farber et al., 2011).  

Recently, attention has been drawn to the unique time-use patterns of, and time pressures 
faced by, members of households in which both spouses in couple and nuclear family 
households are employed. Numerous studies indicate that members of these dual-earner 
households may face challenges in accommodating their many responsibilities into their 
daily schedules, while maintaining a sense of balance between their work and home lives. 
As such households become increasingly common in the U.S., Europe, and across the 
world, there is a need to examine their time-use and activity patterns, as well as 
associated issues of equity and marital and mental health. Also, from an activity-based 
travel demand modeling perspective, understanding the behavioral patterns of two-
worker household members allows us to more accurately represent the daily decision-
making processes of a large and growing segment of the population. Accordingly, the 
objective of this paper is to contribute to the relatively sparse, but expanding, body of 
research on examining the time-use patterns in work and non-work activities of 
individuals in dual-earner couple and nuclear family households (for conciseness, we will 
refer to such households simply as dual-earner households).  
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 1.1 Literature on Time Use in Dual-Earner Households 

Dual-earner households constitute a significant fraction of households in the U.S. today. 
In particular, the percentage of households with a single breadwinner and with children 
(without children) has reduced from 52% (50.8%) in 1970 to 31% (25%) in 2010 (U.S. 
Census Bureau, 2011). This trend can primarily be attributed to an increase in the number 
of women entering the work force in recent years. For example, according to Boushey 
and Chapman (2009), 35% of married mothers stayed at home (no work outside) in the 
late 1970’s, while this percentage has dropped to about 23% today. Overall, the rise in 
dual earner households has sparked academic interest in the social sciences regarding 
potential time poverty, social exclusion, and familial health issues of such households. 
While many different structuring mechanisms may be used to review the literature on 
time-use in dual earner households, we discuss this literature in three broad (and not 
necessarily mutually exclusive) areas: general time-use pattern analysis, gender inequity 
considerations, and quality of life issues. Each of these strands of research is discussed in 
turn in the next three paragraphs.  

In the area of general time-use pattern analysis, Allard and Janes (2008) descriptively 
examined patterns of daily time allocated to various activity purposes in dual-earner 
households, comparing trends in time-use by gender and the age of children in the 
household. In general, they observed that married men employed full-time (in the age 
group of 25-54 years of age) spend, on average, about an hour more at work on a 
workday than married working women employed full-time. Married working men 
employed full-time also spend, on average, about 0.5 hours more time on a workday in 
leisure and sports activities than married working women. Women, on the other hand, 
spend more time on childcare and household activities than men in nuclear family 
households, though the disparity decreases with the age of the children in the household. 
While reinforcing traditional stereotypical time-use patterns by gender, the study by 
Allard and Janes does not specifically tie these to gender inequity considerations, as does 
the second strand of research studies we discuss later. Voorpostel et al. (2010) 
specifically looked at joint leisure time trends of spouses over the past forty years, 
observing that, while the lives of individuals may have become busier, spouses do spend 
more of their social time in each other’s company now than in the past. However, they 
also noted a decreased percentage of leisure time spent in the company of a spouse for 
dual-earner households compared to single-earner households. Focusing on dual-earner 
nuclear families, Ekert-Jaffé (2011) estimated the daily time costs of children of varying 
ages for parents. The study found that the time cost of three or more children is 
equivalent to a fulltime job. A number of other papers have provided similar broad and 
general descriptive analyses of the time use of individuals in dual-earner households (see, 
for example, Jacobs and Gerson, 2001 and Barnett et al., 2009).  

A second body of time-use research in dual-earner households has investigated gender 
inequity issues, examining disparities in time use patterns between men and women and 
relating these to gender-based quality of life outcomes. Sociologists Arlie Hochschild and 
Anne Machung (1989) coined the term “the second shift” in their 1989 book on working 
parents. The second shift describes the additional time burdens and responsibilities of 
working mothers. Hochschild and Machung posit that working women are not only 
responsible for a daily shift of paid work, but also an additional shift of unpaid work in 
the home. Their research made the claim that working women spend roughly an 
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additional month every year doing paid work, housework, and childcare compared to 
working men, indicating a greater time squeeze and consequent general lower quality of 
life for working women than their male counterparts. In response to Hochschild and 
Machung’s work, Milkie et al. (2009) evaluated more recent and extensive time use data, 
and found that full time employed mothers, on average, spend an additional 1.5 weeks 
every year on total work than do their employed husbands. The measure of total work 
includes both market work (paid work time and commuting time) and non-market work 
(including housework, childcare, and shopping). Thus, while the disparity in “total work” 
time between working men and working women may not be as great as a full month 
every year as suggested by Hochschild and Machung (1989), there is still a clear time use 
gender gap. Numerous other studies have furthered the investigation into gender 
disparities in terms of time use and time poverty in dual-earner households (see Leonard, 
2001, Deding and Lausten, 2011, Offer and Schneider, 2011). These studies generally 
confirm that women tend to spend more time on housework regardless of their 
employment status, leading to a greater time crunch on rejuvenating rest and relaxation 
activities relative to men. Furthermore, these studies have noted that working mothers 
spend more time multi-tasking than working fathers, and that working mothers perceive 
time spent multi-tasking more negatively. Some other studies have investigated 
differences between men’s and women’s time-use patterns after controlling for education 
levels, total household income, and occupational categories. For instance, Warren (2003) 
concluded that time use and task allocation vary both amongst spouses and across income 
groups. For example, women who hold manual labor jobs tend to spend longer hours on 
family care than women in professional jobs. Women and men in higher-income 
occupations tend to have more similar wages to one another and a weaker sense of the 
male-breadwinner household structure than women and men in working-class 
households. Warren’s study and other related studies identify variations across population 
segments in the time-use of men and women in dual-earner households, pointing out the 
importance of studying differential activity patterns by gender after controlling for other 
variables. This not only adds value to social and political analysis, but also allows us to 
more accurately model the daily behavior and decision-making of members of various 
demographic groups.  

A third body of research has focused on overall quality of life considerations (such as 
time poverty effects, interaction time between family members, and temporal justice) of 
adults in dual-earner households, without necessarily focusing on gender-based 
considerations. This strand of research originates in the concern that the two-worker 
household structure deprives individuals of needed time for family and relaxation 
(regardless of gender) and has adverse effects on their quality of life. Several studies have 
linked the time crunch experienced by dual-earner households to a rising sense of work-
family conflict (Hochschild, 1997, Nomaguchi, 2009, Tezli and Gauthier, 2009, Williams 
and Boushey, 2010, Goodin, 2010). These papers describe the struggle to balance work 
and home activities and responsibilities experienced in dual-earner households, regardless 
of income levels and occupational categories. For example, Williams and Boushey 
(2010) indicated that individuals who belong to low-income dual earner households tend 
to have more responsibilities for the care of family members and more irregular work 
hours. Middle-income dual earner households have experienced an increasing struggle to 
keep up with rising inflation levels since the 1960s. Middle-income workers also tend to 
have rigid work schedules and face difficulties in arranging childcare. Upper-income 
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workers often work 50 or more hours per week, and feel pressured to stimulate their 
children’s development to ensure future career prospects. Williams and Boushey 
conclude that Americans from all income groups would benefit from policies that address 
some of the causes of work-family conflict, such as paid sick days that can be used to 
care for sick children, childcare subsidies, and paid maternity leave. Wierda-Boer et al. 
(2008) examined the determinants of perceived work-family balance, observing that an 
increase in an individual’s paid work hours has a negative effect on his or her perception 
of work-family balance. Interestingly, an increase in a partner’s paid work hours causes 
men to perceive an increase in work-family balance, but has a negative effect on 
women’s perception of work-family balance. A few other studies have examined more 
specific quality of life effects. Strazdins et al. (2004) found an association between child 
difficulties and non-standard parent work hours. To be specific, the study found that 
many dual-earner parents attempt to manage their family schedules by working 
weekends, nights, or on-call or rotating shifts. However, children whose parents work 
during such non-standard hours are more likely to have emotional or behavioral 
difficulties such as hyperactivity, physical aggression, and separation anxiety. 
Nomaguchi et al. (2005) found that most dual-earner parents felt they spent inadequate 
time with their spouses, children, or by themselves. These adverse quality of life and 
familial health effects reinforce the relevance and importance of dual earner time use 
study. 

 1.2 Current Work in the Context of Earlier Literature 

Much of the previous work has focused on time use of two-earner households in specific 
types of activities, such as work, childcare, housework, or leisure. In contrast, there has 
been relatively little work in examining the overall time use patterns of individuals in 
dual earner households across multiple activity purposes. Those that do investigate time 
use in multiple activity purposes typically do so in a descriptive manner with one or two 
exogenous variables. This research, on the other hand, analyzes overall daily time use and 
activity patterns using a disaggregate activity purpose classification and applies a 
multivariate analytic model that simultaneously considers multiple exogenous variables, 
with an emphasis on comparing households with and without young children while also 
accommodating the effects of several other household and individual socio-demographic 
characteristics. Furthermore, a distinction is made between in-home and out-of-home 
time investments in each of the activity purposes, because of the travel demand relevance 
of out-of-home pursuits, as well as to examine mobility-related social exclusion issues (in 
addition to general time-use social exclusion issues). Thus, our analysis adds value to 
both the social sciences literature and the transportation planning field.  

The model used in the analysis is based on Bhat’s (2005, 2008) Multiple Discrete 
Continuous Extreme Value (MDCEV) model, which recognizes that time-decisions entail 
the choice of participating in one or more activity purposes along with the amount of time 
to invest in each chosen activity purpose (see Habib and Miller, 2008, Xia et al., 2009, 
Eluru et al., 2010, Pinjari and Bhat, 2010, and Bhat et al., 2013 for applications of 
MDCEV and its variants in the time use context). The model can be embedded within an 
activity-based microsimulation platform to generate the activity-travel patterns of two-
earner households, while considering the unique nature of the patterns of these 
households. The results from the model also can inform government and planning policy 
actions to promote work-life balance in the American work force. 
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The remainder of the paper is structured as follows. Section 2 discusses the data used and 
some key descriptive statistics. Section 3 briefly describes the Multiple Discrete 
Continuous Nested Extreme Value (MDCNEV) methodology used in our analysis. 
Section 4 presents the empirical findings. Section 5 finally concludes the study by 
summarizing important findings and identifying policy implications. 
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Chapter 2.  Data 

 2.1 The ATUS Sampling Procedures and Variable Construction 

The 2010 American Time Use Survey (ATUS) data collected by the U.S. Census Bureau 
under the sponsorship of the Bureau of Labor Statistics is used for the analysis in the 
current paper. The 2010 ATUS data was the most recent nationwide time use data 
publicly available at the time of initiating research work in this paper, and it includes 
detailed information on the amount of time spent by individuals in different activities 
throughout the day. The ATUS survey questionnaire was administered to households 
selected from the pool of households that completed the Current Population Survey 
(CPS).1 The selection from the CPS was based on a stratified random sampling method 
developed in three stages: (1) sampling by state (approximately in proportion to state 
population), (2) demographic-based sampling (with an oversampling of Hispanic or non-
Hispanic black householders and households with children, to improve the reliability of 
time-use data for these specific demographic groups), and (3) sampling of a “designated” 
person within each ATUS-sampled household, this third stage sampling being based on 
randomly selecting one civilian individual from the household over the age of 15 years.2 
In the ATUS, the “designated” person is the person on whom time-use information is 
obtained. Specifically, the “designated” person is interviewed using a computer-assisted 
telephone interview (CATI) procedure to obtain time-use information on the day prior to 
the telephone interview. The interviews are scheduled so that about half of the ATUS 
responses obtained would be for weekdays and half would be for weekend days, with 
about equal shares of responses across different weekdays (in the weekday pool) and an 
about equal share of responses across Saturdays and Sundays (in the weekend pool). In 
addition to the time-use information of the respondent gathered in the ATUS 
questionnaire, the ATUS survey data can be joined with detailed demographic 
information collected during the CPS about all members of the household, including age, 
gender, race, educational attainment, occupation, income, marital status, and presence of 
children. But, because the ATUS is administered two to five months after a household 
has completed the CPS, the ATUS confirms and updates basic information about all 
household members (name, sex, birth date, and relationship to the respondent), as well as 
confirms and updates the household roster of individuals from the CPS (differences 
between the CPS and the ATUS rosters may be attributable to errors in the original CPS 
household roster and/or births, deaths, and marital unifications/dissolutions during the 
two-to-five month intervening period between the CPS and the ATUS surveys). Further, 

 
                                                 
1 The CPS data is a monthly household survey data of labor force information collected by the Bureau of Labor 
Statistics. About 60,000 civilian households are sampled nationwide, and an eighth of the households (about 7,500) 
permanently retire each month after eight months of the CPS interview attempt. CPS households become eligible to 
be recruited into the ATUS two months after completing their eighth CPS interview (i.e., two months after retiring 
from the CPS). ATUS samples and targets about 2,000 households from retired CPS households each month, and 
the 2010 ATUS provided information on 13,260 households over the 12-month period in 2010 (with a 56.9% 
response rate). Most of these households were interviewed three months after retirement from the CPS, though some 
were interviewed as late as five months after retirement from the CPS.  
2 We are unable to provide full details of the sampling procedures, but these are available in Section 3 of the ATUS 
User’s guide at http://www.bls.gov/tus/atususersguide.pdf (U.S Bureau of Labor Statistics, 2012). 



7 

the ATUS survey asks the respondent a number of follow-up questions about himself or 
herself on time-sensitive data concerning labor force status, looking for work, industry 
and occupation, and earnings and school enrollment. In all, then, much of the 
demographic and work-related information regarding the ATUS respondent is obtained 
from the ATUS survey (except for variables such as race, ethnicity, and educational 
attainment, which would not change anyway, and marital status which however may be 
indirectly imputed from the ATUS survey based on the “relationship to respondent” from 
the household roster of individuals). However, the ATUS survey does not provide 
information on individual characteristics of other household members, since other than 
age, sex, and relationship within the household, variables such as those related to 
employment, education, and income of other individuals in the respondent’s household 
are not collected in the ATUS. In our analysis, these variables, and family income (which 
is not sought in the ATUS survey), are considered to remain fixed at the values recorded 
for them in the CPS. Further, while the ATUS does collect information on name, sex, 
birth date, and relationship to the respondent for any new members not present in the CPS 
roster, there is no information available (either in the CPS or in the ATUS) for new 
household members (added since the CPS) on other demographic and work-related 
characteristics. But, fortunately, only a small percentage (2.7%) are new between the 
ATUS and CPS, and most of them are newborn children (see Section 6.3.5 of the ATUS 
user’s guide at http://www.bls.gov/tus/atususersguide.pdf) (U.S Bureau of Labor 
Statistics, 2012).  

 2.2 Time Use Information in the ATUS 

The ATUS collected time use information at a very fine activity purpose level. For this 
study, we grouped these fine activity purposes into ten activity purposes: work, child-care 
(including playing and reading to children, travel related to child care, physical care, and 
other related child-care), and the following seven non-work activity purposes – personal 
care (including sleeping, grooming, and health-related self care), maintenance (including 
house cleaning, pet care, vehicle maintenance and repair, ATM and other banking, 
purchasing gas, quick stop for coffee/newspaper, visiting post office, and paying bills), 
social (including religious and spiritual activities, visiting relatives and friends, 
communicating with others, attending events, and parties and meetings), recreation 
(including relaxing, watching television, playing or listening to music, reading, writing, 
enjoying nature, and non-competitive activities such as hiking, walking around the 
neighborhood, pleasure boating and camping), physical exercise and activity (including 
active outdoor sports, exercise, going to a gym, practicing yoga, and exercising in-home), 
eating, shopping (including all purchases and rentals of consumer goods such as clothes 
and grocery), and travel.3 The activity purposes considered are exhaustive and mutually 

 
                                                 
3
 We are categorizing child-care-related travel into the child-care category as opposed to the travel category. Doing 

so allows us to recognize the time spent to serve the activity needs/participations of a child (such as picking up a 
child from school or driving a child to after-school activities) as being part of child-care responsibilities. This is 
important because adults in households with children tend to commit to, and schedule, other activities around 
childcare responsibilities (see He, 2013, Copperman and Bhat, 2010, and Hodgson, 2012). In a sense, travel related 
to child-care tends to be less flexible in terms of time commitment compared to, for example, traveling to shop 
(where one could exercise more of a choice of when and where to participate in shopping, and have more control 
 



8 

exclusive, covering all the activities that an individual can pursue in any given day. Thus, 
the time investments in these activity purposes in one complete day add up to 1440 
minutes. Also, in this study, a distinction is made between in-home and out-of-home time 
durations in each of the activity purposes. This leads to a total of 20 alternatives (activity 
purpose and location combinations). However, we found that there were very few 
respondents participating in shopping activity purpose in-home, and so considered all 
episodes of shopping activity participation to be out-of-home. Furthermore, ATUS also 
did not collect the location information of personal care activities. Also, for the purpose 
of this study, we do not make any distinction between in-home and out-of-home personal 
care activities. Further, by definition, the “travel” activity purpose is out-of-home. Thus, 
we ultimately considered 17 alternatives in our analysis.4 The dependent variables in our 
model system are the amounts of time invested in each of these 17 alternatives (including 
no participation or zero time investment in one or more of these 17 alternatives).  

 2.3 Sample Formation and Description 

The ATUS provides weights to correct for demographic and day-of-week biases in 
sampling and response. Specifically, and as indicated earlier, the ATUS strategically 
oversamples selected demographic groups to ensure adequate sample size for computing 
time-use statistics within these demographic groups. Additionally, different demographic 
groups tend to have different response rates. Further, the survey is not administered 
uniformly across days of the week (weekend days are oversampled). To address these 
issues, appropriate weights have been computed such that the sum of the weights across 
respondents in each quarter is equivalent to the number of person-days in that quarter. 
These weights are used in our analysis.5  

A total of 13,260 respondents are present in the 2010 ATUS data, of which 4,856 
respondents belonged to couple households as we define them (i.e., households with 
exactly two adults, each at least 20 years of age, of opposite gender, and who identified 
themselves as married).6 Among these 4,856 respondents, 2,348 respondents belonged to 
dual-earner couple households (i.e., both adults were working). Off these 2,348 
respondents, the complete activity purpose and location information was available only 
for 1,817 respondents (about 77.5%). Off the remaining 1,817 respondents, the spousal 
wage information was missing for 244 respondents, making the sample size 1,573 (the 
spousal wage information was not obtained in the ATUS, but retrieved from the CPS 

                                                                                                                                                             
over the corresponding travel time commitment). Especially for the purpose of this study, which is to examine the 
effect of the presence of children on time-use patterns of dual earner couples, obtaining a good sense of the overall 
time commitment to child care enables us to capture the time pressure placed on dual-earners by the presence of a 
child.  
4 The two alternatives corresponding to the child care activity purpose do not appear in the choice set of respondents 
without children. There is a small percentage of individuals from households without children who are involved in 
non-household child care activities. However, this percentage was only of the order of 2% in the pool of couple 
family households used in the current analysis, and this type of childcare activity also tends to be relatively sporadic 
and infrequent relative to household child care activities.. So we discarded such cases in our analysis. 
5
A detailed discussion of the procedure for weight development is available in Chapter 7 of the ATUS User’s Guide 

(U.S Bureau of Labor Statistics, 2012). 
6 In our analysis, we considered only respondents who were 20 years or older, to focus efforts on those who have 
relatively stable jobs and stable household settings. 
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survey; however, the CPS did not collect or impute wage information for self-employed 
individuals, which is the reason for the missing spousal wage information for the 244 
respondents). Among the remaining 1,573 respondents, 27 were from households without 
children who are involved in non-household child care activities, and 19 respondents 
reported some in-home shopping activity. After removing these individuals, the final 
sample size came down to 1,527. But we confirmed that the distribution of demographic 
variables (such as education level, race, ethnicity, geographic distribution in the US, 
earnings, and employment industry) in this final sample (after accommodating weights) 
were about the same as the corresponding distributions from the original (weighted) 
sample of 2,348 dual-earner couple respondents. Of the 1,527 respondents, 457 were 
from households with no children (30%) and 1070 (70%) were from households with 
children.  

Tables 1a and 1b provide descriptive statistics on the independent variables of interest. 
Table 1a shows that there is a reasonable distribution across categories for each 
exogenous variable, including a sizeable number of observations for each category of 
race, ethnicity, multiple job holdings, and immigration status. Table 1b provides the 
(weighted) percentage of respondents participating in each alternative (activity purpose 
and location combination) and the (weighted) mean duration of participation among those 
who participate in each alternative, categorized by whether there are children present or 
not in the respondent’s household. The percentage of respondents participating in child 
care is zero for households without children, for obvious reasons.7 

Several observations may be made from Table 1b. First, all respondents invested some 
amount of time during the survey day in the personal care alternative (see the last row of 
the table). Thus, we specify this alternative as the outside alternative (i.e., the alternative 
that is always consumed) in our model. Second, a high percentage of respondents 
participate in maintenance, recreation, and eating activity purposes in-home. Further, 
more than one-fifth of respondents pursue work activities from home, with a mean 
duration of over two hours (see the first numeric row of Table 1b). This is likely a 
reflection of the penetration of personal computers and broadband internet connectivity 
within homes, which contributes to a looser demarcation between the work place and 
home for work activity. Third, as expected, a very large percentage of individuals pursue 
some travel activity during the day, with the mean duration of time spent on traveling 
being slightly shy of an hour and a half (see the penultimate row of Table 1b). There is 
also a reasonably high percentage of respondents who work and eat out-of-home during 
the survey day. Fourth, there is not much difference in the percentage of respondents 
participating in each alternative (except the child care alternatives) across households 
with and without children. However, the mean duration in social and recreation activity 
purposes (both in-home and out-of-home) is clearly lower in respondents from 
households with children. On the other hand, there is literally no difference in the mean 
duration for work activity between respondents in households with and without children. 

 
                                                 
7 If we focused only on weekdays, and if all the employed individuals actually worked on the survey day, the sum of 
the entries under the in-home and out-of-home location categories for work should sum to 100 or more (to allow the 
possibility that individuals can work in-home as well as out-of-home on the day they work). However, the sum of 
these entries is less than 100 in the table because we include weekend days in the analysis. 
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These results are a manifestation of the time poverty among individuals in households 
with children. Specifically, individuals in households with children tend to work for 
about the same time as those without children, and then have to undertake some level of 
child care activities, which takes away from social and recreational time investments.  

A final note about the sample (not based on the statistics in Table 1b). None of the 
sample respondents participated in only personal care; rather, all respondents participated 
in personal care and at least one more alternative. This illustrates the classic multiple 
discrete nature of the problem, necessitating a modeling framework that can account for 
the consumption of multiple alternatives simultaneously (Bhat et al., 2013). 
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Table 1a. Descriptive Analysis of Explanatory Variables 

Variable Frequency % 

Presence of Children   
0-5 years 436 28.6% 
6-10 years 361 23.7% 
11-15 years 310 20.3% 
Geographic Location 
South 549 35.9% 
All Other Regions 978 64.1% 
Resides in Metropolitan Region 
Yes 1281 83.9% 
No 246 16.1% 
Gender 
Male 805 52.7% 
Female 722 47.3% 
Race 
Caucasian 1327 86.9% 
African American 102 6.7% 
Other Races 98 6.4% 
Ethnicity 
Hispanic 148 9.7% 
Non-Hispanic 1379 90.3% 
Educational Attainment 
Less than Associate Degree (College, High School, or Lower) 665 43.6% 
 Associate Degree 143 9.4% 
 Bachelor Degree 445 29.2% 
 Masters or PhD Degree 274 17.9% 
Holds Multiple Jobs?   
Yes 142 90.7% 
No 1385 9.3% 
Employment Industry    
Construction 106 7.0% 
Finance 100 6.6% 
Armed Forces 91 5.9% 
All Other Industry Types 1230 80.5% 
Immigration Status   
Native Citizen 1353 87.4% 
Foreign Born Citizen 80 5.2% 
Foreign Born Non-Citizen 112 7.4% 
Spouse Education    
High School or Below 440 28.8% 
Beyond High School 1087 71.2% 
Both Partners Hispanic?   
Yes 103 6.7% 
No 1424 93.3% 
Young Couple (i.e., Both Man and Woman aged ≤ 30 years)   
Yes 460 30.1% 
No 1067 69.9% 
Respondent Earns Less Than  Spouse   
Yes 742 48.6% 
No 785 51.4% 
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Table 1b. Descriptive Analysis of Participation and Daily Time Investment by Activity Purpose 

Activity 
Purpose 

Location 

% of Respondents Participating in the Activity Purpose-
Location Alternative 

Mean Duration of Participation Among Respondents 
Participating in the Activity Purpose-Location 

Alternative  (in minutes) 

Households without 
Children 

Households with Children 
Households without 

Children 
Households with Children 

Work 
In-home 23.7% 21.5% 177.00 151.58 

Out-of-home 56.0% 62.1% 481.08 484.82 

Child Care 
In-home 0.0% 66.2% 0.00 100.39 

Out-of-home 0.0% 38.4% 0.00 44.05 

Maintenance 
In-home 76.5% 78.7% 131.99 120.63 

Out-of-home 29.5% 20.1% 72.37 56.42 

Social 
In-home 23.4% 23.2% 71.53 67.73 

Out-of-home 28.1% 25.6% 152.96 130.79 

Recreation 
In-home 89.4% 81.9% 212.06 169.76 

Out-of-home 19.2% 19.9% 83.91 75.67 

Physical 
In-home 7.8% 4.9% 50.17 64.55 

Out-of-home 13.9% 13.9% 107.13 97.84 

Eat & Drink 
In-home 80.1% 80.9% 48.63 47.46 

Out-of-home 58.6% 54.9% 55.89 52.02 

Shopping Out-of-home 41.4% 40.3% 56.15 50.89 

Travel Out-of-home 90.5% 94.5% 83.14 82.39 

Personal Care In-home 100.0% 100.0% 552.02 531.48 
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Chapter 3.  Methodology 

Let kt  be the time invested in alternative k (k = 1, 2, …, K), where k is an index for the 

alternatives represented by the combination of activity purpose and location. Without loss 
of generality, we will assume that the first alternative (k = 1) represents the in-home 
personal care alternative. Consider the following additive, non-linear, functional form to 
represent the utility accrued by an individual through time investment in the various 
alternatives:8 
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The term kψ  represents the random marginal utility of one unit of time investment in 

alternative k at the point of zero time investment for the alternative. Thus, kψ  basically 

controls the discrete choice participation decision in alternative k (though it also impacts 
the duration of participation, with smaller values of kψ  translating to lower participation 

durations, everything else being the same). We will refer to the kψ  term as the baseline 

preference for alternative k. In the above utility function, the impact of exogenous 
variables may be conveniently introduced through the kψ  parameters as 

)exp()exp( kkkkk V εεψ +′=+= zβ    (2) 

where, kz  is a vector of exogenous determinants (including a constant) specific to 

alternative k (there is no such vector for the first alternative because only differences in 
utilities matter, so 11 εψ = ), and kε  captures unobserved factors that impact the baseline 

utility for good k.  The kγ  terms in Equation (1) are translation parameters which 

serve two roles. First, they allow corner solutions for the consumer demand problem, i.e., 
they allow for the possibility that the individual may not choose certain alternatives, as is 
the case for all alternatives in our analysis except the in-home personal care alternative. 
Secondly, they serve the role of satiation parameters, i.e., they reduce the marginal utility 
accrued from investing increased amounts of time in any alternative. Specifically, values 
of kγ  closer to zero imply higher satiation effects (i.e., lower investments) in activity k 

(see Bhat, 2008). The kγ  parameters can be parameterized to be a function of covariates 

as )exp( kkk wλ′=γ  where kw  is a vector of covariates (including a constant). Such a 

specification accommodates variations in satiation across respondents.  

From the analyst’s perspective, individuals are maximizing random utility U(t) subject to 
the time budget constraint that =

k
k Tt , where T is the total time available in the day 

 
                                                 
8 Several other additive, non-linear, utility forms, as proposed by Bhat (2008), were also considered. However, the 
one provided below was the best form in the empirical analysis of the current paper. 
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which is equal to 1440 minutes. The optimal time investments *
kt  (k = 1, 2, ..., K) can be 

found by forming the Lagrangian function (corresponding to the problem of maximizing 
random utility U(t) under the time budget constraint T) and applying the Kuhn-Tucker 
(KT) conditions. After extensive, but straightforward, algebraic manipulations, the KT 
conditions collapse to (see Bhat, 2008): 

11 εε +=+ VV kk  if 0* >kt  (k = 2, 3,…, K) 

11 εε +<+ VV kk  if 0* =kt  (k = 2, 3,…, K), where (3) 

)ln( 111 tzV −′= β   and )1ln( +−′=
k

k
kk

t
zV

γ
β  (k =  2, 3,…, K) (4) 

The joint probability expression of time investment patterns is dependent on the joint 
cumulative distribution ( )KF εεε ,....,, 21   of the error terms ( )Kεεε ,....,, 21 . If these error 
terms are assumed to be independently and identically distributed across alternatives, the 
result is the MDCEV model. However, we expect some dependence among the error 
terms of the different alternatives. For instance, individuals who are generally more 
sociable by nature are likely to have a higher baseline preference for both the in-home 
and out-of-home social activity purposes, generating a correlation between these two 
alternatives. Similarly, individuals who intrinsically prefer to pursue activities in-home 
may be more likely, than their observationally equivalent peers, to pursue all activity 
purposes in-home. This would generate a correlation in the error terms across all 
alternatives that share the in-home location. To allow for such correlation structures, we 
use a nested extreme value (NEV) distribution for the error terms, which results in the 
multiple discrete continuous nested extreme value (MDCNEV) model. The reader is 
referred to Pinjari and Bhat (2010) for the probability expression for the MDCNEV 
model. 
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Chapter 4.  Estimation Results 

 4.1 Variables Considered 

We considered several household, respondent, and spouse demographic and employment 
variables in our variable specification effort. Specifically, we included: (1) household 
socio-demographics (presence of children by age group, housing tenure, an indicator 
variable for whether the household resides in a metropolitan area or not, and the 
geographic location of the household in the U.S.),9 (2) respondent socio-demographics 
(age, gender, race/ethnicity, educational attainment, immigration status, employment 
industry, an indicator for a single job versus multiple jobs, and weekly wages), (3) couple 
characteristics (spouse socio-demographics as well as variables constructed using both 
the respondent and spouse characteristics, and (4) day of week (weekday versus 
weekend). Although the study would benefit by considering spatial variables 
characterizing the activity-travel environment (ATE) around household locations (such as 
land use, demographic composition, and accessibility measures), we are unable to do so 
because the ATUS dataset does not provide the geographic coordinates of respondent 
households.  

The next section discusses the estimation results of the MDCNEV model, while Section 
4.3 discuses model fit.  

 4.2 Estimation Results 

The estimation results of the best specification of the MDCNEV model are presented in 
Tables 2a (for the baseline utility specification) and 2b (for the satiation parameter 
specification). As discussed earlier, the “personal care” alternative is the outside good in 
which all respondents invest a non-zero amount of time. This alternative serves as the 
base alternative with respect to which the baseline utilities of all the remaining 
alternatives are specified. A ‘--’ entry corresponding to the effect of a variable for a 
particular alternative in Table 2a indicates that the variable has no significant differential 
effect on the corresponding alternative’s utility (relative to the utility of the personal care 
in-home alternative). Also, if the model coefficients are the same across alternatives for a 
specific variable, this is because no statistically significant differences were found in the 
effect of the variable across the utilities of the corresponding alternatives. Similarly, if the 
coefficients are the same across exogenous variables for a specific alternative, this is 
because no significant differences were found in the effects of the variables on the 
alternative’s utility (relative to the utility of the personal care in-home alternative). 

 
                                                 
9 We did not include household income in our analysis because it was missing for many observations in the sample. 
We instead used weekly wages of the respondent and the spouse. Also, the ATUS survey did not collect mobility-
related information such as bicycle and car ownership. So, we are unable to consider these variables in our analysis. 
Even if these were available, it is likely that these variables are endogenous to time-use patterns. For instance, it is 
possible that individuals decide on their vehicle ownership based on preferences for investing time in-home versus 
out-of-home. 
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The estimation results for the baseline utility specification are discussed under four 
categories of variables: household socio-demographics, respondent socio-demographics, 
couple characteristics, and day of week. Interaction effects between the respondent and 
household attributes are discussed with the main effects under the household socio-
demographics category of variables. 

 4.2.1 Effects of Household Socio-Demographics on Baseline Utility 

Among the household socio-demographic variables, we explored the impact of children 
in the household using dummy variables for the presence of children in several specified 
age groups as well as the number of children in the age groups. The best specification 
turned out to be the one that included variables corresponding to the presence of children 
in three age groups: 0-5 years, 6-10 years, and 11-15 years. Table 2a indicates that 
respondents with children older than 5 years have a lower baseline preference for in-
home work activity relative to those without children (note that, by construction, all 
respondents in the sample are employed; the interpretation of the lower baseline 
preference for in-home work is that, other things being equal, respondents with children 
older than 5 years have a lower baseline preference to pursue in-home work on any given 
day than respondents without children). However, we did not find evidence for such 
differences between respondents with and without children for out-of-home work 
activities. The results also demonstrate the high propensity for investing time in in-home 
child care when there are young children (0-5 years of age) in the household, perhaps 
reflecting a general preference for personally (and in the comfort and privacy of the 
home) meeting the biological needs of young children (see Farkas et al., 2000 for a 
similar result). This predisposition for in-home child care is particularly strong for 
mothers, as can be observed from the positive coefficients (specific to the in-home child 
care alternative) on the female variable interacted with the presence of children. Not 
entirely surprisingly, the inclination to invest time in in-home child care activities 
disappears for fathers, and mothers over the age of 45 years, in households with children 
in the age group 6-10 years (with no children in the 0-5 years age group), as can be noted 
by the absence of a coefficient corresponding to the presence of children in the 6-10 years 
age group for the in-home child care alternative. However, the inclination for in-home 
child care still exists for mothers 45 years or younger with children in the age group 6-10 
years (due to the positive coefficients on the “female ≤ 30 years” and “female 31-45 
years” variables interacted with the presence of children). Additionally, the results 
indicate that mothers aged over 45 years, and particularly fathers, with only older 
children (11-15 years of age) are less likely to spend time with children in-home and 
more likely to spend time with children out-of-home. Also, mothers of all age groups are 
more likely to invest time taking care of children outside the home compared to fathers, 
just as in the case of in-home child care activities. 

An important result, which is of direct relevance to this study, is that respondents in 
households with children of any age group are less likely (than respondents in households 
without children) to invest time in out-of-home maintenance, social, recreational, 
physical, and “eat and drink” activities. In addition, employed parents with young 
children (0-5 years of age) are quite unlikely to participate in in-home recreational and 
physical activities, as indicated by the relatively large negative coefficients corresponding 
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to the “presence of children 0-5 years” variable for these two activities. Overall, the 
additional child care responsibilities coupled with work commitments is negatively 
affecting the participation of working parents in social, recreational, and physical 
activities. This is consistent with our hypothesis that employed parents with children are 
prone to time poverty (lack of time for leisure, sports, and relaxation activities) and social 
exclusion, echoing the high time cost of children found by Ekert-Jaffe (2011) and the 
time crunch experienced by dual-earner parents found by Deding and Lausten (2011). 
However, respondents in households with children less than 5 years are more likely to go 
out shopping, perhaps as a way of breaking the monotony from work and child care 
activities, and/or to meet the basic biological and other needs of young children (such as 
purchasing baby food, diapers, and clothes).  

Among other household socio-demographic variables, respondents residing in 
metropolitan areas have a lower baseline preference for out-of-home social activities 
compared to respondents in non-metropolitan areas. This is an interesting result that 
presumably is suggesting an urban culture that is moving away from the relatively close-
knit, informal, and social networks that still exist in non-urban areas for visiting and 
related social get-togethers (for instance, see Romans (2011) who examines differences 
between urban and non-urban communal structures and points out this “social separation” 
in urban areas relative to non-urban areas, and Coleman (2009) who examines modern 
social activity trends and isolation in urban areas). Finally, within the group of household 
socio-demographics, respondents geographically located in the south of the U.S. have a 
lower participation propensity in in-home physical activities and a higher participation 
propensity in out-of-home eating activities compared to respondents located elsewhere in 
the nation. These coefficients are capturing the average tendencies of respondents in 
different areas due to factors unaccounted for in our empirical analysis, and do not have 
substantive interpretations.  

 4.2.2 Effects of Respondent Socio-Demographics on Baseline Utility 

Several respondent age and gender interaction effects turned out to be statistically 
significant in the final specification. The results reveal that employed women are less 
likely to participate in out-of-home work on any given day compared to employed men. 
Also, women are much more likely to undertake maintenance (both in-home and out-of-
home) and out-of-home shopping activities, reinforcing the stereotype of women 
assuming the responsibility or burden of household chores (see Leonard, 2001, Parkman, 
2004, Srinivasan and Bhat, 2005, Braun et al., 2008, and Sayer and Fine, 2011 for a 
similar result). At the same time, and perhaps in part because of the time investment in 
maintenance and shopping activities, women participate less in in-home recreational and 
physical activities (in-home as well as out-of-home), as indicated by the negative 
coefficients corresponding to the female variable for these alternatives. The results also 
point out that women (and particularly young women 30 years or younger) participate 
more in out-of-home social activities compared to men, a result that has been consistently 
found in the literature and attributed to women intrinsically being more sociable than men 
(see Feingold, 1998, Envick and Langford, 2003, Siegling et al., 2012, and Kapur and 
Bhat, 2007). Thus, out-of-home socializing may be appealing to women as a means to 
relax after pursuing work and household maintenance activities. A similar reason may be 
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behind the higher propensity of women 30 years or younger (relative to men and women 
over 30 years) to participate in eating out activity. On the other hand, men over 45 years 
of age are positively predisposed to in-home eating activities.  

The race variable effects indicate that, relative to non-Caucasian and non-African 
American races (including Asian, American Indian, and mixed races, but dominated by 
the Asian race), Caucasians and, in particular, African Americans are less likely to 
participate in in-home child care and in-home eat and drink activities. Such race-related 
differences in caring for children and eating-in have been found in earlier cultural studies 
(see for example Yee et al., 2007, Cluskey et al., 2008, Jang, 2002, and Neumark-
Sztainer et al., 2003, 2010), some of which attribute these differences to Asian families 
tending to have more of a collective as opposed to an individualistic mindset, and being 
more cohesive as a family unit and investing more time together in in-home family 
activities. African American families also appear to participate less in in-home 
maintenance and out-of-home eating activities. The ethnicity variable effect reveals the 
lower baseline preference for in-home work and child care activities among Hispanic 
respondents relative to non-Hispanic respondents. Further research is needed to 
understand the cultural and other underlying reasons for these race- and ethnicity-based 
differences. 

Moving next to the education variables, respondents with high educational attainment 
(bachelor degree or higher) are less likely to undertake out-of-home work on any given 
day, relative to respondents with low educational attainment (not obtained a bachelor 
degree). This is consistent with the finding from several earlier telecommuting studies 
(see, for example, Singh et al., 2013, Golden, 2008, and Turcotte, 2010) that higher 
educated individuals hold more negotiating ability in retaining the option to work from 
home. Furthermore, respondents with high educational attainment who have children in 
the household are more likely to undertake work at home. This further underscores their 
ability to work from home instead of at work. In particular, it suggests that highly 
educated individuals are more likely to have the option to work from home, and choose to 
exercise that option when they have children. In addition, respondents with a degree 
beyond high school participate less in in-home recreation, and those with advanced 
degrees (Masters or beyond) also participate less in out-of-home recreation and eat-out 
activities. Kapur and Bhat (2007) have also noted the decreased participation of highly 
educated individuals in in-home recreation, suggesting that those with high educational 
levels usually have high opportunity costs of time and view investment in in-home 
recreational activities (such as watching TV, and playing computer games) as lost time 
(see also Leibowitz, 1975). 

The finding from Table 2a that individuals with multiple jobs have a higher propensity 
(relative to individuals with a single job) of working from home is quite intuitive, given 
that people with multiple jobs typically have home as the work place for one of their jobs 
(Khan et al., 2012). Individuals employed in the construction sector and armed forces are 
less likely to participate in in-home work (compared to employees in other industries). 
This is consistent with the general notion that jobs in these fields require employees to be 
present at the work place.  

Immigration status has an impact on the time investment decisions of the respondent, 
even after controlling for other demographic variables. Specifically, foreign born (both 
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citizens and non-citizens) respondents are less inclined to participate in out-of-home 
social activities compared to U.S. born respondents. Also, non-citizens have a lower 
propensity of participation in out-of-home physical activities compared to foreign born 
citizens and U.S. born respondents. Further, foreign-born non-citizens with children in 
the household are less likely to work at home. This may reflect a tendency of foreign-
born non-citizens to be a part of a tight-knit community of people with similar geographic 
origins, which facilitates daytime child care when working away from home (see 
Brandon, 2004). Differences between the tastes and preferences of immigrants and U.S. 
born people have been observed in the past in the context of residential location, work 
arrangement, and vehicle ownership choices (see Khan et al., 2012 and Singh et al., 
2013). Similar to the race/ethnicity variables, further research is needed to investigate the 
reasons for these differences between immigrants and non-immigrants. Until then, the 
results obtained in this study underscore the importance of considering immigration 
status variables in time-use studies, an issue that has not received much attention as it 
deserves.  

 4.2.3 Effects of Couple Characteristics on Baseline Utility 

The effects of couple characteristics indicate the following: (1) A respondent with a 
spouse who has a degree beyond high school is more likely (than a respondent with a 
spouse who has completed high school or less) to undertake in-home work, (2) A 
respondent from a household where both the husband and wife are less than 30 years old 
is less inclined to partake in in-home maintenance activities compared to a respondent 
from other households (presumably because of fewer household maintenance obligations 
in such households), (3) A respondent with a substantial age separation from her/his 
spouse is less likely to participate in in-home work relative to a respondent who is close 
in age to her/his spouse, and (4) A respondent who earns less than his/her spouse is less 
likely to work in-home. Additional investigations through focus groups and other in-
depth qualitative survey techniques are needed to tease out the underlying reasons for 
these effects.  

 4.2.4 Day of the Week Effects on Baseline Utility 

As expected, respondents are least likely to work (both in-home and out-of-home) on 
weekends. Also, respondents have a lower propensity during the weekends to participate 
in child care activities (presumably because of turn-taking in the parental role) and are 
less inclined to participate in non-social out-of-home activities compared to in-home 
activities and out-of-home social activities. In summary, over the weekends, individuals 
appear to prefer to pursue rest, recreation, and relaxation activities in-home with their 
families, and/or social activities, relative to non-social out-of-home pursuits (Agarwal, 
2004).  

 4.2.5 Baseline Preference Constants 

Personal care activity is treated as the base alternative. Negative coefficients on the 
alternative-specific constants suggest that the participation levels of respondents in other 
alternatives are lower than in the personal care alternative. This is expected since all 
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respondents in the sample invest some non-zero time in the personal care alternative. 
Given that there are many continuous variables in the baseline utility specification, the 
baseline constants cannot be directly compared across the non-personal care alternatives. 
However, the relative magnitude of constants on the alternatives indicate that respondents 
are least likely to invest time in in-home physical activities (the most negative baseline 
constant), while they are most likely to participate in travel and recreational activities in-
home. These results are consistent with the low participation rate in in-home physical 
activities (about 8% for households without children, and 4.5% for households with 
children) and the high participation rate in in-home recreational activities (about 88% for 
households without children and 83% for households with children), as reported in Table 
1b.  

 kγ4.2.6 Translation ( ) Parameters 

As mentioned earlier, the translation parameters ) ..., ,3 ,2( Kkk =γ  control the duration 

of time investment in the alternative k (note that we do not estimate a kγ  parameter for 

the personal care alternative because all individuals invest some non-zero time in this 
alternative). kγ  values closer to zero imply higher satiation effects (i.e., lower 

investments) in alternative k. Also, as discussed in the methodology section, kγ  can be 

parameterized as )exp( kkk wλ′=γ  to allow for the satiation effects to vary across 

respondents. 

The kλ  parameter estimates and the corresponding t-statistics are provided in Table 2b. 

In our analysis, we found several significant heterogeneity effects in the satiation of 
alternatives across the respondents. First, women 30 years or younger have the highest 
satiation (lowest duration of participation) in in-home work activities, while men older 
than 45 years have the lowest satiation (highest duration) in in-home work activities. 
Second, women beyond the age of 45 years tend to invest more amounts of time in 
shopping activities compared to other women and men. The result for shopping, when 
combined with that from the baseline utility function in Table 2a, suggests that not only 
are women older than 45 years of age more likely to participate in shopping activities, but 
they also partake in these activities for longer durations when they participate. Third, men 
older than 45 years of age have low durations of participation in out-of-home recreational 
pursuits. Fourth, men with children spend short durations in out-of-home recreation 
pursuits. Clearly, these results indicate the importance of capturing heterogeneity across 
individuals not only in participation rates, but also in duration amounts.  

The constant values in Table 2b (see first numeric column) indicate that that out-of-home 
work activities have the least satiation, consistent with the long mean duration of 
investment (478 minutes) in out of-home work activity when participated in (see Table 
1b). On the other hand, in-home eating has the highest satiation, consistent with the short 
mean duration of investment (47 minutes) in this activity. 
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Table 2a. MDCNEV Estimation Results: Baseline Utility 

Alternative 
Household Socio-demographics 

Presence of Children 
Resides in 

Metropolitan 
Region 

Geographic 
Location 

Activity 
Purpose 

Location 

 0-5 years  6-10 years  11-15 years 
Female ≤ 30 
years with 
Children 

Female 31-45 
years with 
Children 

Female > 45 
years with 
Children 

 South 

Work 
In-home -- -0.2046 (-2.12) -0.2046 (-2.12) -- -- -- -- -- 

Out-of-home -- -- -- -- -- -- -- -- 

Child Care 
In-home 0.5343 (3.78) -- -0.5993 (-4.12) 0.7854 (4.10) 0.7100 (5. 27) -- -- -- 

Out-of-home -- -- -- 0.2834 (4.21) 0.2834 (4.21) 0.2834 (4.21) -- -- 

Maintenance 
In-home -- -- -- -- -- -- -- -- 

Out-of-home -0.0937 (-3.52) -0.0937 (-3.52) -0.0937 (-3.52) -- -- -- -- -- 

Social 
In-home -- -- -- -- -- -- -- -- 

Out-of-home -0.0937 (-3.52) -0.0937 (-3.52) -0.0937 (-3.52) -- -- -- -0.2346 (-4.06) -- 

Recreation 
In-home -0.3712 (-4.98) -0.3061 (-3.54) -- -- -- -- -- -- 

Out-of-home -0.0937 (-3.52) -0.0937 (-3.52) -0.0937 (-3.52) -- -- -- -- -- 

Physical 
In-home -0.6182 (-2.16) -- -- -- -- -- -- -1.1869 (-3.97) 

Out-of-home -0.0937 (-3.52) -0.0937 (-3.52) -0.0937 (-3.52) -- -- -- -- -- 

Eat & Drink 
In-home -- -- -- -- -- -- -- -- 

Out-of-home -0.0937 (-3.52) -0.0937 (-3.52) -0.0937 (-3.52) -- -- -- -- 0.1477 (4.34) 

Shop Out-of-home 0.0310 (1.36) -- -- -- -- -- -- -- 

Travel Out-of-home -- -- -- -- -- -- -- -- 
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Table 2a. MDCNEV Estimation Results: Baseline Utility (Continued) 

Alternative 
Respondent Socio-demographics 

Age and Gender (Base Category is Male ≤ 45 years) 
Race (Base Category comprises of 

All Other Races) 
Activity 
Purpose 

Location 

Male >45 years 
 Female ≤ 30 

years 
 Female 31-45 

years 
 Female >45 

years 
 Caucasian 

 African 
American 

Work 
In-home -- -- -- -- -- -- 

Out-of-home -- -0.1979 (-4.86) -0.1979 (-4.86) -0.1979 (-4.86) -- -- 

Child Care 
In-home -- -- -- -- -0.2498 (-1.21) -0.8742 (-2.99) 

Out-of-home -- -- -- -- -- -- 

Maintenance 
In-home -- 0.6217 (9.53) 0.6217 (9.53) 0.6217 (9.53) -- -0.6515 (-4.62) 

Out-of-home -- 0.2313 (4.57) 0.2313 (4.57) 0.2313 (4.57) -- -- 

Social 
In-home -- -- -- -- -- -- 

Out-of-home -- 0.3689 (5.24) 0.2015 (3.69) 0.2015 (3.69) -- -- 

Recreation 
In-home -- -0.2805 (-4.25) -0.2805 (-4.25) -0.2805 (-4.25) -- -- 

Out-of-home -- -- -- -- -- -- 

Physical 
In-home -- -0.2538 (-1.38) -0.2538 (-1.38) -0.2538 (-1.38) -- -- 

Out-of-home -- -0.1078 (-1.62) -0.1078 (-1.62) -0.1078 (-1.62) -- -- 

Eat 
In-home 0.4168 (5.05) -- -- -- -0.4661 (-2.69) -1.0333 (-4.97) 

Out-of-home -- 0.2646 (5.42) -- -- -- -0.2359 (-3.01) 

Shop Out-of-home -- 0.2619 (6.05) 0.2619 (6.05) 0.2619 (6.05) -- -- 

Travel Out-of-home -- -- -- -- -- -- 
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Table 2a. MDCNEV Estimation Results: Baseline Utility (Continued) 

Alternative 

  Respondent Socio-demographics 

Ethnicity (Base 
Category is Non-

Hispanic) 
Educational Attainment (Base Category is High School or Below) 

Activity 
Purpose 

Location 

 Hispanic 
 Associate 

Degree 
 Bachelor Degree 

Bachelor 
Degree, with 

Children 

 Masters or PhD 
Degree 

Masters or PhD 
Degree, with 

Children 

Work 
In-home -0.3198 (-1.51) -- -- 0.4043 (2.92) -- 0.4043 (2.92) 

Out-of-home -- -- -0.0648 (-1.99) -- -0.0648 (-1.99) -- 

Child Care 
In-home -0.3432 (-2.14) -- -- 0.3849 (3.21) -- 0.3849 (3.21) 

Out-of-home -- -- -- 0.1844 (2.81) -- 0.1844 (2.81) 

Maintenance 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -- -- 

Social 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -- -- 

Recreation 
In-home -- -0.2585 (-3.72) -0.3611 (-4.91) -- -0.4256 (-4.65) -- 

Out-of-home -- -- -- -- -0.2245 (-2.95) -- 

Physical 
In-home -- -- -- -0.242 (-0.77) -- -- 

Out-of-home -- -- -- -- -- -- 

Eat 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -0.0770 (-1.82) -- 

Shop Out-of-home -- -- -- -- -- -- 

Travel Out-of-home -- -- -- -- -- -- 
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Table 2a. MDCNEV Estimation Results: Baseline Utility (Continued) 

Alternative 
Respondent Socio-demographics 

Employment Characteristics 

Immigration Status (Base category is U.S. Born) 

Activity 
Purpose 

Location 
Holds Multiple 

jobs (versus 
Single job) 

 Employment Industry (Base category 
comprises of all other industry types) 

   Construction Armed Forces 
 Foreign born 

citizen 
 Foreign born 
non-citizen 

Foreign born non-
citizen, with 

Children 

Work 
In-home 0.7027 (5.34) -0.5006 (-1.95) -0.6732 (-2.78) -- -- -0.7329 (-1.75) 

Out-of-home -- -- -- -- -- -- 

Child Care 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -- -- 

Maintenance 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -- -- 

Social 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -0.1091 (-1.42) -0.1091 (-1.42) -- 

Recreation 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -- -- 

Physical 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -0.4774 (-2.57) -- 

Eat 
In-home -- -- -- -- -- -- 

Out-of-home -- -- -- -- -- -- 

Shop Out-of-home -- -- -- -- -- -- 

Travel Out-of-home -- -- -- -- -- -- 

 



 

25 

Table 2a. MDCNEV Estimation Results: Baseline Utility (Continued) 

Alternative Couple Characteristics 
Day of Week 

(Base Category is 
Weekday) 

Baseline Constant 
Activity 
Purpose 

Location 

Spouse 
Education 

(Base category 
is High School 

or Below) 

Young Couple 
(i.e., Both Man 

and Woman aged 
≤ 30 years) 

Absolute Age 
Difference 

Respondent 
Earns Less 

Than  spouse 
 Weekend  

Beyond High 
School 

Work 
In-home 0.4218 (3.60) -- -0.0058 (-1.50) -0.2780 (-2.86) -0.6938 (-4.71) -7.4825 (-62.82) 

Out-of-home -- -- -- -- -1.2514 (-18.97) -5.9117 (-67.93) 

Child Care 
In-home -- -- -- -- -0.5367 (-3.52) -5.9727 (-22.81) 

Out-of-home -- -- -- -- -0.7098 (-7.18) -6.6961 (-63.76) 

Maintenance 
In-home -- -0.1169 (-1.74) -- -- -- -5.7187 (-76.62) 

Out-of-home -- -- -- -- -0.4466 (-6.67) -6.8852 (-69.79) 

Social 
In-home -- -- -- -- -- -7.5509 (-96.04) 

Out-of-home -- -- -- -- -- -6.8921 (-52.04) 

Recreation 
In-home -- -- -- -- -- -4.6886 (-49.35) 

Out-of-home -- -- -- -- -0.4125 (-5.63) -6.8727 (-70.94) 

Physical 
In-home -- -- -- -- -- -8.4428 (-63.05) 

Out-of-home -- -- -- -- -0.3907 (-4.76) -7.0406 (-65.13) 

Eat 
In-home -- -- -- -- -- -4.9866 (-27.39) 

Out-of-home -- -- -- -- -0.527 (-10.96) -6.1374 (-69.24) 

Shop Out-of-home -- -- -- -- -- -6.7605 (-70.26) 

Travel Out-of-home -- -- -- -- -0.4633 (-10.29) -4.9387 (-68.73) 
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Table 2b. MDCNEV Estimation Results: Translation Parameters 

Alternative 

Constant 

Age and Gender (Base category is Female between 31 and 45 
years and Male <= 30 years) 

Presence of 
Children 

Activity Purpose Location Female ≤ 30 years Female > 45 years Male > 45 years Male with children 

Work 
In-home 4.3019 (40.44) -1.1218 (-4.45) -- 0.7868 (3.24) -- 

Out-of-home 6.6374 (62.60) -- -- -- -- 

Child Care 
In-home 3.2562 (26.27) -- -- -- -- 

Out-of-home 3.6968 (42.39) -- -- -- -- 

Maintenance 
In-home 3.2825 (54.47) -- -- -- -- 

Out-of-home 4.2715 (58.37) -- -- -- -- 

Social 
In-home 3.6228 (31.33) -- -- -- -- 

Out-of-home 5.3168 (58.74) -- -- -- -- 

Recreation 
In-home 3.6979 (52.01) -- -- -- -- 

Out-of-home 4.8002 (41.89) -- -- -0.3735 (-1.85) -0.3221 (-1.84) 

Physical 
In-home 3.7352 (12.52) -- -- -- -- 

Out-of-home 5.1453 (38.74) -- -- -- -- 

Eat 
In-home 2.5216 (32.13) -- -- -- -- 

Out-of-home 3.9730 (54.98) -- -- -- -- 

Shop Out-of-home 3.9563 (55.99) -- 0.2583 (1.89) -- -- 

Travel Out-of-home 3.0798 (45.62) -- -- -- -- 
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 θ4.2.7 Nesting ( ) Parameters 

We considered several nesting structures during model estimations. But the best 
specification from a data fit and consistency perspective was obtained with the nesting 
structure that included a single nest with all out-of-home alternatives. The estimated 
nesting parameter was 0.4875 (with a t-statistic of 39.02).10 This indicates that there are 
unobserved factors (such as individual preferences to pursue activities out-of-home, or 
environment and social vibrancy considerations) that uniformly increase the utility of 
out-of-home participations across all activity purposes. 

 4.3 Goodness of Fit Measures 

The log-likelihood of the final MDCNEV model is -69768.09. On the other hand, the log-
likelihood of the MDCEV model with only constants in both the baseline utility function 
and the kγ  specification is -71207.52. It is obvious that the MDCNEV model 

outperforms the constants-only MDCEV model, based on a likelihood ratio test (the 
likelihood ratio test value is 2879.01, which is larger than the corresponding chi-squared 
table value with 66 degrees of freedom at any reasonable level of significance). This 
indicates the explanatory power of the estimated MDCNEV model. We also estimated 
another MDCEV model with all explanatory variables, but without the nesting. The log-
likelihood of this MDCEV model is -70540.83. The likelihood ratio test value for the 
presence of nesting is 1545.63, which is much larger than the chi-squared value with one 
degree of freedom at any reasonable level of significance.  

 4.4 Magnitude Effects of Variables 

The estimated model parameters do not directly provide an estimate of the magnitude of 
variable effects on time investments in the many activity purpose-location combination 
alternatives. To do so, we can compute the effects of variables by forecasting the time-
use patterns before and after a change in the variables, and computing a percentage 
change for each activity purpose-location alternative. However, because of the non-linear 
structure of the model, these effects will vary for each respondent. So, in this paper, we 
compute an aggregate percentage change across the entire sample. Further, to keep the 
presentation focused, we demonstrate the effect of a change in a single variable 
corresponding to the “presence of children 0-5 years old”. To do so, we first forecast the 
duration of time investment in all the alternatives for each respondent in the estimation 
sample, assuming the absence of children for all respondents. The forecasting algorithm 
of Pinjari and Bhat (2011) is employed in the forecasting exercise, using 100 sets of error 
term draws for each respondent.11 Next, we change the dummy variable corresponding to 

 
                                                 
10 The t-statistic for the nesting parameter is reported with respect to a value of 1. 
11 In this paper, we used the one factor multivariate extreme value method to simulate the nested extreme value 
(NEV) error term draws (see McFadden, 1995 and Cameron and Kim, 2001). Alternatively, one could also use the 
Laplace Transforms method proposed in McNeil et al. (2005). 
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the child age category of 0-5 years from the value of “0” to “1” for each record in the 
estimation. After this change, the forecasting algorithm of Pinjari and Bhat (2011) is 
applied again to obtain new time investment forecasts for all respondents. The effect of 
the presence of a child 0-5 years of age is then computed in two ways. The first set of 
measures represent the percentage change in the average time investment by activity type 
across all respondents (and also separately for men and women). The second set of 
measures capture the percentage change in the participation rates and mean duration of 
participation by activity type, with the latter calculated only among individuals who 
participate in the activity. These percentage changes by alternative will be referred to as 
elasticity effects in the rest of this paper, although these percentage changes are based on 
a change in dummy variables. Lastly, we also compute the standard errors of the 
elasticity effects by using 100 bootstrap draws from the sampling distributions of the 
estimated parameters. We compute the t-statistic using these standard errors to see if the 
elasticity values are significantly different from zero. 

Table 3 presents the first set of elasticity results pertaining to the average time investment 
by activity type and the corresponding t-statistic values. The numerical values in the first 
row of the table may be interpreted as follows. The presence of a child five years of age 
or younger in a typical dual-earner household (1) increases the time spent in in-home 
work activity by about 15.52% for the parent of the child, (2) increases the time spent in 
in-home work activity by 18.07% for the father of the child, and (3) increases the time 
spent in in-home work activity by 12.11% for the mother of the child. However, the 
percentage changes in the time spent in in-home work activities are not significantly 
different from zero at the 5% level of significance in the overall as well as for both 
parents of the child (as indicated by the low t-statistic values in the first numeric row of 
Table 3). Other entries in the table may be similarly interpreted.12 Table 3 does not have 
the “Child Care” alternative because the elasticity effect for this alternative would be 
infinity (since there is no time invested in child care in the base scenario when there are 
no children).  

 
                                                 
12 Two issues here. First, while the magnitudes of the percentage changes in in-home work durations seem 
substantially higher than the corresponding out-of-home work durations in the next row of Table 3, this is deceiving 
because of the high participations and out-of-home work durations to begin with relative to in-home work (see first 
row of Table 1b). Second, while Table 1b indicates a decrease in in-home work participations and durations for 
respondents with children (relative to respondents without children), Table 3 (and Table 4 later) shows the reverse. 
This is because Table 3 focuses on the effect of young children (less than 5 years of age), while Table 1b provides 
descriptive statistics for the comparison of respondents with children of any age and without children of any age. As 
can be observed from Tables 2a and 2b, the presence of children 5 years or younger has no effect on the baseline 
preference or satiation for the in-home work alternative. But the estimation results indicate that respondents with 
high education and with children (of any age, including children younger than 5 years) are more likely to work at 
home compared to their peers without children, which is the reason for the positive effect of children less than five 
years in Table 3 (and Table 4 later). On the other hand, as can be observed from Table 2a, respondents with children 
over the age of five years are less likely to participate in in-home work, which more than compensates for the 
positive effect of the interaction of high education with the presence of children, resulting in the decrease in in-home 
work participations and durations for respondents with children (relative to respondents without children) in Table 
1b.   
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Table 4 presents the second set of elasticity results for participation rates and the mean 
duration of participation calculated among the respondents who participate in the activity. 
The format of this table is similar to the descriptive statistics reported in Table 1b.13 The 
results from this table reinforce those from Table 3 regarding the influence of children on 
in-home and out-of-home work activity. Overall, one may conclude that the presence of 
children has little to no impact on work activity participation rates and the amount of time 
spent working.   

In terms of non-work, non-child care activities, the results in Table 3 and 4 are quite 
remarkable in that they show decreases (due to the presence of children) in all activities 
(both in-home as well as out-of-home) except shopping activity (as indicated earlier, the 
increase in shopping activity may be a reflection of a conscious effort to step out of the 
home to get some “air” or simply a result of increased shopping needs related to the 
young child). Taken together, the results from Tables 3 and 4 also indicate that 
participation rates and durations in maintenance, social, physical activity, and recreation 
activity pursuits decrease substantially relative to changes in work participation rates and 
time spent working. Of course, these decreases are due to the increase in time investment 
in in-home and out-of-home child care if individuals have children in their homes, as 
should be obvious from the row entitled “child care” in Table 4.  

The results discussed in the previous two paragraphs imply that it is difficult for members 
of dual earner households with children less than 5 years of age to cut back much on 
work participation and hours worked, but that they tend to make large cuts in activities 
that provide relaxation, stress alleviation, and physical exercise, all of which contribute to 
both physical and mental well-being This result clearly indicates time poverty effects in 
the presence of young children (see also Nomaguchi, 2009 and Voorpostel et al., 2010), 
and reinforces the notion of Williams and Boushey (2010) that “the United States today 
has the most family-hostile public policy in the developed world.” While one could argue 
that the lack of a change in work times between individuals with and without children, as 
found in our study, is simply a reflection of individuals with children making the 
deliberate choice of not cutting back on work activity (say because they enjoy their work 
immensely), it is quite likely that a major contributor to this phenomenon is that 
individuals in the U.S. do not have too many options to cut back on work activity even if 
they want to. Of course, one could reason that working for pay (or not) is simply a 
personal choice and one could always decide not to work. But the very fact that the share 
of dual-earner households has risen in the past few decades, even as individuals report an 
increase in work-family conflict that they do not enjoy (see, for example, Nomaguchi, 
2009), is adequate evidence of families needing the market pay to retain a sense of 
financial security. Thus, the social debate must shift from whether or not work is a matter 

 
                                                 
13

 Note, however, that the numbers in the two tables are not comparable. Specifically, the “households without 
children” situation in Table 1b is not the same as the “base case (no children)” in Table 4. This is because we 
compute the elasticity effects by assuming that all respondents have no children (the base case in Table 4), and then 
changing things so that all respondents have children between the age of 0 to 5 years. On the other hand, the 
“households without children” situation in Table 1b corresponds to the respondents who actually did not have 
children in their households in our estimation sample.  
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of personal choice to one of how to facilitate a reduction in work-family conflict through 
family-friendly work policies. And for those “responsibility for choice” commentators 
who might argue that there is no need for such policies and regulations since dual-earner 
families have the choice of not having children at all as a means to reducing work-family 
conflict, suffice it to say that it is in the interest of society as a whole to be invested in a 
next generation of citizens, even if only, as Goodin puts it, “to engage in productive labor 
in order to support us in our old age.”  

Tables 3 and 4 also reveal that the percentage reductions in out-of-home participations 
and time investments in maintenance, social, recreation, and “eat and drink” activities are 
more substantially (and statistically significantly) impacted (due the presence of a young 
child) than the corresponding in-home time investments in these activity types. This 
finding supports one of the key motivations of this study, which was to differentiate 
between in-home and out-of-home activities. Almost all previous studies of time-use and 
social exclusion have not made this distinction between in-home and out-of-home 
locations, but our study shows a higher impact on mobility-related social exclusion 
relative to general time-use social exclusion. This finding is also quite intuitive, since a 
time crunch should more adversely affect out-of-home activity participation (because of 
the additional travel time involved in such activity) than in-home activity participation. 
At the same time, this result brings up the issue of designing for good out-of-home 
activity accessibility to acknowledge that mobility-related social exclusion is a 
combination of “the time crunch” and the spatial accessibility of out-of-home activity 
locations (see also Paez et al., 2010 and Farber et al., 2011). For example, the promotion 
of mixed land-use developments would cut down on travel times to partake in out-of-
home activity participations, and can contribute to a reduction in mobility-related social 
exclusion, in addition to the more traditional motivations attributed to such developments 
(such as increasing non-motorized use and reducing motorized travel, enhancing social 
vibrancy, and reducing traffic congestion, energy dependence, and air pollution). 

One final observation from Table 3 is that the negative elasticity values for all 
alternatives besides shopping and out-of-home recreation are higher for women compared 
to men, consistent with the finding of previous studies that the time crunch in dual-earner 
couples disproportionately affects women (Deding and Lausten, 2011, Leonard, 2001, 
Nomaguchi et al., 2005). Overall, the results suggest that there is a significant struggle 
for dual-earner couples to allocate their time among work, childcare, and all other 
activities, leading to a heightened sense of work-family conflict by creating time poverty 
conditions and social exclusion problems, more so for women than men.

14
 

 

 
 
                                                 
14 It may be surprising to find in Table 3 that the elasticity effect on shopping for men in families with young 
children is higher than for women, given that the results from Table 2 indicate that women are more likely than men 
to participate in shopping and also partake in these activities for longer durations. But the values in Table 3 are 
elasticity effects, and while the overall duration of shopping time increase is higher for women than for men (within 
families with young children relative to families with no young children), the percentage increase is higher for men 
relative to women. 
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Table 3. Elasticity Effects (on Average Duration of Participation) of Presence of Children Five Years or Younger 
(Relative to No Children Five Years or Younger in the Household) 

Activity Purpose Location 
All Men Women 

Elasticity T-Stat Elasticity T-Stat Elasticity T-Stat 

Work 
In-home 15.52% 1.52 18.07% 1.79 12.11% 1.17 

Out-of-home -3.71% -1.16 -1.08% -0.39 -7.45% -1.93 

Maintenance 
In-home -3.92% -1.38 -1.14% -0.46 -5.67% -1.81 

Out-of-home -19.96% -4.63 -16.93% -3.93 -21.99% -5.04 

Social 
In-home -3.56% -1.16 -1.03% -0.38 -6.32% -1.75 

Out-of-home -18.66% -4.46 -15.60% -3.78 -20.78% -4.80 

Recreation 
In-home -29.43% -7.03 -27.73% -6.80 -31.82% -7.19 

Out-of-home -28.67% -4.53 -35.70% -3.42 -21.95% -4.96 

Physical 
In-home -42.52% -2.51 -41.27% -2.41 -44.41% -2.64 

Out-of-home -19.54% -4.48 -17.00% -3.96 -22.75% -5.01 

Eat & Drink 
In-home -3.11% -1.20 -0.96% -0.43 -5.84% -1.85 

Out-of-home -17.54% -4.42 -14.98% -3.86 -19.90% -4.80 

Shopping Out-of-home 2.82% 0.30 6.98% 0.69 0.18% 0.02 

Travel Out-of-home -2.72% -1.06 -0.37% -0.17 -5.21% -1.73 

Personal Care Not identified -2.57% -1.21 -0.77% -0.42 -4.54% -1.81 
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Table 4. Elasticity Effects of Presence of Children 5 Years or Younger of Participation and Daily Time 
Investment by Activity Purpose 

Activity 
Purpose 

Location 

% of Respondents Participating in the Activity Purpose-
Location Alternative 

Mean Duration of Participation Among Respondents 
Participating in the Activity Purpose-Location 

Alternative  (in minutes) 

Base Case 
(No 

Children) 

Scenario 
Case 

(Presence of 
5 years old 

child) 

% Change T-Stat 
Base Case 

(No 
Children) 

Scenario 
Case 

(Presence of 
5 years old 

child) 

% Change T-Stat 

Work 
In-home 13.31 15.11 13.54% 1.29 178.25 185.82 4.24% 0.81 

Out-of-home 44.46 43.08 -3.09% -1.11 534.45 531.46 -0.56% -0.31 

Child Care 
In-home 0.00 58.63 -- -- 0.00 171.92 -- -- 

Out-of-home 0.00 25.25 -- -- 0.00 48.47 -- -- 

Maintenance 
In-home 62.13 61.39 -1.18% -0.79 165.04 160.28 -2.89% -1.42 

Out-of-home 19.26 15.42 -19.95% -3.59 77.47 77.47 0.00% 0.00 

Social 
In-home 15.36 14.96 -2.59% -0.80 134.46 134.43 -0.02% 0.00 

Out-of-home 21.02 17.69 -15.88% -3.45 180.97 173.63 -4.05% -1.35 

Recreation 
In-home 74.34 64.44 -13.31% -4.80 266.43 212.73 -20.16% -6.80 

Out-of-home 15.29 12.84 -16.00% -3.15 92.88 79.43 -14.49% -1.97 

Physical 
In-home 3.89 2.18 -43.92% -2.27 107.75 99.47 -7.68% -0.47 

Out-of-home 11.41 9.46 -17.04% -3.11 129.67 126.92 -2.12% -0.44 

Eat & Drink 
In-home 65.24 64.34 -1.39% -0.89 90.50 88.82 -1.85% -1.18 

Out-of-home 42.07 37.14 -11.71% -3.14 84.30 77.98 -7.49% -3.24 

Shopping Out-of-home 27.35 27.34 -0.05% 0.01 73.42 75.29 2.56% 0.91 

Travel Out-of-home 79.79 78.70 -1.37% -1.15 84.11 82.04 -2.46% -1.26 

Personal Care In-home 100.00 100.00 0.00% -- 594.27 572.35 -3.69% -1.26 
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Chapter 5.  Conclusions 

This research study has undertaken an empirical investigation into the time use patterns 
of employed adults in dual-earner households with and without children, while 
controlling for a range of other individual and household socio-demographic 
characteristics. The study used a disaggregate activity purpose classification and 
examined time-use in both in-home and out-of-home activity pursuits, with the objective 
of contributing to time-use analysis and transportation studies, as well as to the social 
science literature through a study of time poverty and social exclusion considerations. 
The methodology used for the analysis explicitly and appropriately recognizes the 
multiple discrete nature of activity participation (i.e., individuals can participate in 
multiple activity purpose-location alternatives) and the time invested in the chosen 
activity alternatives.  

The empirical results from the multiple discrete-continuous nested extreme value 
(MDCNEV) model used in the analysis offer several insights into the determinants of 
activity time-use decisions in dual-earner households. First, a number of demographic 
factors (including age, race/ethnicity, employment sector, and immigration status) that 
have not been extensively examined in the earlier social science literature are found to 
influence the time-use patterns of dual-earner households. These findings highlight the 
importance of going beyond simple descriptive time-use analyses of the effects of one or 
two variables to adopting multivariate models systems that simultaneously examine the 
effects of multiple variables. In addition, our analysis reveals the interaction effects of 
such variables as age, gender, and presence of children on time-use patterns, another 
reason for examining the effects of multiple variables jointly. Second, there are 
differences in the impacts of variables (including presence of children) by activity 
purpose and by location of activity performance, suggesting that studies that use 
aggregate activity purposes and/or ignore the location of activity performance (in-home 
or out-of-home) are subject to aggregation bias and the resulting ecological fallacy 
fallouts, and also mask variations in time poverty and social exclusion by activity 
purpose/location. For instance, our analysis shows that, in general, the presence of a child 
leads to a substantially larger decrease in out-of-home activity participation, suggesting a 
higher level of mobility-related social exclusion relative to overall time-use social 
exclusion. This finding has a bearing on urban planning and transportation accessibility, 
and supports the notion that land-use policies can be used as instruments to address time 
poverty and social exclusion (inclusion) issues. Third, our results reinforce the results 
from earlier studies (Bianchi, 2009, Ekert-Jaffe 2011, Deding and Lausten 2011) that 
individuals, and particularly women, in dual-earner households with children face a 
substantial work-family conflict situation, suggesting the need to rigorously evaluate and 
consider the implementation of work-friendly policies such as paid maternity and 
paternity leave, paid sick days, proportional wages for part-time work, flexible work 
scheduling, and related government policies (see, for example, Lesnard, 2008 and 
Goodin, 2010). Policies that promote physical activity and or provide recreational 
opportunities at the work place may also be beneficial in addressing time poverty and 
social exclusion considerations. At the same time, doing so may also be advantageous to 
employers because of a potential increase in job satisfaction and improved work 
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productivity (see, for example, Choi 2009). Additionally, Forsberg (2009) observed the 
tendency of working parents to utilize time management strategies such as delegating, 
alternating, and multitasking as a way to feel more involved in their home lives. Thus, 
educational/support programs that provide training to employees on time management 
strategies and schedule coordination may help alleviate time poverty and social exclusion 
problems in dual-earner households. Overall, company policies designed to provide a 
sense of empowerment to employees to take care of personal and family situations can 
help instill a stronger sense of work-family balance (Wong and Ko, 2009).  

From an activity-based travel modeling perspective, the time use model developed in this 
paper underscores the need to consider a host of demographic variables and their 
interactions when modeling activity participation and time-use decisions. Further, 
analysts would do well to consider different household segment groups such as dual 
earner households with children, rather than estimating models by pooling all households. 
From a practical standpoint, most activity-based (AB) travel demand models follow a 
two-step process for determining travel patterns, with the first activity generation step 
determining daily activity participation decisions of all members in each household in the 
study region. In the second step, the AB travel simulator schedules these activities during 
available time slots of each individual. The time-use model developed in this study can 
be incorporated into the first activity generation step of AB demand models. Further, the 
discrete-continuous nature of our model may be used to predict the desired duration of 
time investment (in addition to participation) in each activity in the activity generation 
step. This desired time investment information can be used in the scheduling step where 
individual activity episode participations and time durations are typically determined, 
allowing the model to more accurately build daily activity patterns (see Bhat et al., 2013, 
who show how a discrete-continuous activity generation model of the type developed 
here can be used to schedule individual activity episodes). Also, the use of household-, 
couple-, and individual-level variables in the model’s specification allows us to implicitly 
capture intra-household interactions in activity pattern generation. An additional unique 
feature of the model structure developed in this study is the incorporation of both in-
home and out-home activities. As trends such as working from home gain traction 
throughout the US and elsewhere, it is important that we consider both in-home and out-
of-home participations. 

Of course, as with any research effort, there are several limitations inherent in the current 
study. First, and probably most important, the time use patterns under study correspond to 
observed patterns, not to desired patterns. Thus, while we have invoked the issues of time 
poverty and social exclusion in several places in this paper, it can be just as well that, for 
example, the decrease in out-of-home recreation participation due to the presence of a 
child is a deliberate and desired choice of the individual (as opposed to arising from time 
poverty or leading to social exclusion). To tease out the difference between deliberate 
choices and constraint-driven patterns, one needs information on what the respondent 
would have liked to do but is unable to, in addition to the observed time-use patterns. 
This would provide a measure of unfulfilled demand. Unfortunately, such data is not 
available in typical time-use and activity diary data. The implicit assumption in our 
analysis is that time-use patterns associated with lower intensities of participation in non-
work and non-child care activities are indicative of time poverty and social exclusion. 
Future research needs to develop better measures of time poverty and social exclusion, 
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and formulate instruments to collect such measures through both quantitative as well as 
qualitative surveys. Qualitative surveys can also shed light on the underlying reasons for 
the effects of variables, such as those associated with race and immigration status. 
Second, the current study analyzes time use at the individual level without considering 
the social context of activity involvement. In this regard, a household level analysis of 
time use patterns is more appropriate (for example, see Bhat et al., 2013 and Barnett et 
al., 2009). For example, individuals in families with children might not be able to 
participate in recreational activities alone as much as they used to before they had a child, 
but may enjoy the recreation activities they pursue with the child even more than what 
they used to pursue alone. So, it is possible that their overall well-being is not affected 
negatively due to the presence of children. Unfortunately, the ATUS data used in this 
research does not provide information on the social context of activity participation. 
Third, the analysis in this paper is based on a single day of data, which may not reflect 
the time use patterns over longer and more stable periods of time such as a week or even 
multi-week periods.  

To summarize, efforts to obtain desired as well as observed household time-use patterns 
through both quantitative and qualitative surveys, and over extended periods of time, 
should be a priority area for undertaking time-use research and associated time poverty 
and social exclusion research.  
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