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Abstract

Up until now, researches of individual time allocation and travel behavior have played a dominant role in transportation studies; however there exist many cases in which intrapersonal conflict and intra-household interaction cannot be ignored. The structural equation modeling methodology was applied to indentify the causal relationships between time allocation and travel behavior in the context of intra-household interaction using the data of Tianjin, China. The result shows that there primarily exists the family-work conflict in females’ daily time allocation while inverse work-family conflict for males. In other words, Tianjin’s male heads have more work stress while the female have more family stress. Moreover, the total effect indicate that when encountering the work-family conflict, male head seems to be more likely to orderly give up the time for leisure, family obligation and personal time with degressive possibility, while the female seems more likely to reduce the time for work activities than leisure activities. However, no matter what conflict the heads encounter, the work obligation will increase the travel behavior in terms of total travel time and numbers of trips, while the family obligation reversely reduce the travel time and numbers of trips. Further, there exist substitution, companion and complementary effects in activity time allocation and travel behavior between heads, but the effects of socio-demographics on them are all insignificant except the impact of the presence of children under 6 on female’s personal maintenance.
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1. Introduction 

On a given day, in a given urban area, people should allocate time to various activities at different locations, yielding extremely varied and complex travel patterns. The complexity of urban activity-travel behavior arises from at least three sources. First, urban travel is a derived demand dependent upon activity participation. Second, the activity-travel behavior is constrained by the time and space caused by ability, coupling and accessibility etc. Third, the activity demand allocates to a particular individual in some unit and the individual allocates various demands to different activities (Chapin, 1974; Hagerstrand, 1970; Pas, 1984; Chai etc., 2002). Know from other factors, the influence of household on travel behavior seems to receive high attention at all time. Because it is important and complicated for planning that the activity-travel behavior in the context of intra-household should either concern the result of demand of family obligation or some constraint such as work-family conflict and family-work conflict. Therefore, several studies consider activity-travel behavior as a function of socio-demographics which including many family attributes, nevertheless, ignoring the ambiguous relation of family’s demand and constraint from family (e.g. Hanson and Hanson, 1986, Lu and Pas, 1999).  On the other hand, although daily time allocation researches do not consider the time window when a certain activity is pursued, the duration that the activity lasts, and the sequences in which the activity is scheduled, it provides insightful understanding of individuals’ trade-offs regarding time allocation within a fixed time budget, which include the time use of activity of family obligation often embodied in maintenance activity duration (Bhat and Koppelman, 1999; Lu and Pas, 1999). 

However, this paper suppose the influence of household on individual’s daily activity-travel behavior root in individual’s daily obligations which eventually emerge in special activity and the daily activity-travel behaviors of other household members. Moreover, the socio-demographics characters such as life cycle and life style of family will sustainably influence the conventional activity participation and travel behavior. The purpose of this article is therefore to examine the relationship among individual’s family obligation, time allocation and travel behavior in the background of intra-household interaction between household heads, using data from time-use survey data conducted in Tanjing, China. Specifically, the following questions are investigated: (1) how does the family and work obligation activity duration directly affects other activity duration and travel behavior in terms of daily trip numbers and travel time? (2) how do the individual allocate the activity-travel time when confronting the work-family conflict or family-work conflict in the background of intra-household interaction? (3) Do female head differ from male head in these respects above, and do the male’s activity-travel behaviors impact female’s behaviors? (4) Are background character (age and education), some family situation (income, household size, and children situation) and work situation (occupation) important determinants of family obligation and activity-travel behaviors?

The rest of this paper is organized as follows. In the next section, some previous research on the activity-travel behavior impacts of family obligation and intra-household. In Section 3, we provide a brief discussion of the source of the data used in this research and we describe the endogenous and exogenous variables included in the model. Section 4 introduces the methodology of structural equation modelling. Then follows a presentation of the results of the empirical analyses. The final section of the article discussed some possible interpretations and implications of the findings and lists future directions.

2. Research Reviews

While several researchers have analyzed activity generation, duration, and frequency characteristics under the influence of family’s demand, relatively fewer studies have made clear how family’s demand is allocated to household members to produce individual’s family obligations, then how to corresponding activity-travel behaviors respectively under the intra-household interaction, and on which process the soci-demographics mainly impact. The research along the latter line of enquiry is discussed in this section.
2.1 Conflict of obligation

In the past decades, many literatures examine person allocation to family obligation; some researchers have focused on allocation across different types of household members (such as

male/female, head/spouse). Along this line, Simma and Axhausen (2001) examined the allocation of activities between the head of the household and spouse, and reported that person and activity related variables played an important role in the selection of the head or the spouse. Cao and Chai (2007) use the the data collected from Shenzhen, China to confirm that: men are dominant in out-of-home activities contain primarily work-related obligation, while women dominate in-home activities contain primarily family obligation. 

When you confront some family obligation, how would you do first? Maybe most of all you will allocate the time of family activity and other activity first. In fact, when allocating the activity time, some conflict will often emerge, such as work-family conflict (WFC) and family-work conflict (FWC). In detail, WFC emerges from job demands that interfere with performing home and family obligations (e.g., long work hours may prevent an individual from attending a special family occasion), and FWC stems from home and family obligations that interfere with carrying out job-related obligations (e.g., meeting with the child’s teacher may prevent an individual from performing his or her duties in the workplace) (Osman and Lulu, 2006).
Travel and family-related stress touches on the more general question about conflicts between work obligations and family obligations — a question that has received increasing attention in research based on the role-based theory and stress, as well as in the public debate based on the view of sociology and psychology over the past two decades or so (Perry-Jenkins, 2000; Gustafson, 2006; Judge etc., 2006). In fact, there must be a balance point about activity participation. Gronlund (2007) conclude that the balancing of paid work and family is based on two essential hypotheses: the role-strain hypothesis and the expansion hypothesis. The role-strain hypothesis states that multiple roles create stressful conflict yielding stress but not meeting all expectation while contrarily the expansion hypothesis claims that multiple roles can serve as a buffer against stress (Goode, 1960; Sieber, 1974). The above two hypotheses have been competing for credibility and both have been supported by empirical research, although the contradictory results also suggest that the “either-or” argument of the two hypotheses has become increasingly irrelevant. Detailed empirical reviews refer Gronlund (2007).

In a large body of transportation literatures, activity-based approach, considering that activities derive from various role-based demand behind household activity system (Chapin 1974) while travel is a derived demand dependent upon activity participation (mainly out of home activity) , is widely used in the past decades. However, a crucial question is how to define ‘demands’. Sociologists seem to give out a ‘research phenomenon’ that whereas the theory speaks of a role conflict, empirical studies present the problem largely as a time conflict (Gronlund, 2007) while most transportation researches have empirically used the concept of time allocation to explore the time use of activity participation under the constrained framework of Hagastarand’s time-geography (1970), although primarily for the sake of investigating the travel behavior . By contrast, sociological and psychological studies focus on activity conflicts and role-based stress, mostly without regard to travel, especially normal trips and tours of activity (See Gustafson, 2006; Osman and Lulu, 2006; Kinnunen and Mauno, 1998). However, taking work activity as example, work-related travel is one aspect of work that may require time and availability beyond normal working hours, impact on the sequence activity and that may therefore interfere with family life and family obligation. Therefore, it maybe better to combine role-and-stress-based conflict of activity and derived travel behavior to explore the complex urban activity-travel system.

In transportation research, activities are often traditionally divided into three types based on individual’s activity demand: subsistence (work), maintenance and recreation (Chapin, 1974; Golob and McNally, 1997), as well as two categories based on travel: in-home and out-of-home. However, though most studies of time allocation are based on the framework of household, considering person allocation and interaction, the family demand is less mentioned and the family obligation is still so undistinguishable that in fact how the family obligations affect the activity-travel behavior is still unambiguous. Therefore, if all the activities for family obligations are distinguished with other non-family obligations, especially considering the conflict with work obligation and personal obligation, the influence of family demand to individual’s activity-travel behavior maybe more clear. Compared with the traditional categories, Zhang et al. (2005, 2006) classify activities into four categories: in-home activities, out-of-home personal (independent) activities, allocated activities and joint (share) activities. It means a personal activity is not a household task; an allocated activity is a household task that is assigned to a specific household member. And joint activities are those require the presence of all household members. Cilebe and Koppelman (2005) classify activity-based tours into five modes, considering the independent and joint activity stop and trips.

No matter how to classify the individual’s activity, the intra-household interaction among different members seems to be the same important in activity-travel behavior analysis, which will be reviewed in the next paragraphs.

2.2 Intra-household interaction

In most studies, an individual person is usually taken as the primary unit in the analysis of activity-travel behavior. However, in the process from family demand to activity-travel behavior, the mechanisms may work different for different household members, i.e., the family obligation will allocate to different members. Moreover, one’s process will be influenced by the other members’. For example, as the wife in a nuclear family is cooking, the husband may have to pick up the kids and do some shopping for family by the way.

Nevertheless, many studies have pay attention to the gender-role based difference in activity-travel pattern, but previous research shows no consistent results in this respect. Roehling and Bultman (2002) found that women travelled less if they had children, whereas no such pattern appeared among men; Presser and Hermsen (1996) found no significant impact of family factors (marital status, presence and age of children) on either women or men. Both these studies concerned overnight work-related travel in the USA. Studies by Jones et al. (1983), and Kitamura et al.(1996) found that when children are added to the household, both men and wemen tend to reduce their leisure activity: however, women typically assume primary responsibility for childcare and maintenance activities and reduce their participation in out-of-home work. Men tend to work longer hours to compensate for the reduction in income, but usually do not change their maintenance activity participation.

Moreover, a number of studies have pointed to understanding intra-household interaction not only just considered the role-based differences. Along this line, works are mostly focused on intra-household time allocation between activity types and household members. Much less effort was made on understanding and modelling of generation of activity episodes, trips, and travel tours (Bradley and Vovsha, 2005). In particular, The simultaneous equation models including Golob (1999), Golob and McNally (1997), Lu and Pas (1999), Fujii et al. (1999), Meka et al. (2002), Simma and Axhausen (2001) and Cao and Chai (2007) have studied the time allocation between various types of activities and household members. In particular, many data empirically prove there exist substitution, companion, and complementary effects for three types of activities, allocation of different obligation to male/female head, as well as interaction in time use between male head and female head (Golob and McNallly, 1997; Lu and Pas, 1999; Cao and Chai, 2007). Lu and Pas (1999) pay more attention on the relationship between in-home and out-of-home activities. At last, even all studies will give out travel behavior as a function of activity participation. With different categories, Zhang et al.(2005) give out household-level utility models of activity-travel demand to empirically confirm that nearly half of the households the husband mostly influences task allocation and time use, for one-fifth of the households it is the wife and the remaining households show an equal relative influence for the husband and wife. 

Though the holistic works above provide valuable insights into the intra-household decision-making mechanism they do not directly address requirements of the structure of travel demand models that are based on discrete units of travel and discrete choice modelling technique. Several types of research have explored the household activity analysis with an explicit consideration of intra-household interactions. They include micro-simulation models, rule-based models, and utility-maximizing models (detailed reviews see Bradley and Vovsha, 2005; Pribyl and Goulias, (2005); Kato and Matsumoto, 2007; Bhat and Pendyala, 2005). These models essentially present the process of intra-household decision-making mechanism. However, the complex relationship, such as conflict and interaction of time allocation may be not easy to explore. Maybe, all the models have their own advantage, whereas noting can involve all. Just as Bhat and Pendyala (2005) said, “much remains to be explored and learnt in this fertile area of inquiry”. 

Overall, despite of the drawbacks, the recent attempts have demonstrated that the holistic approach of studying the relationships between family obligation, time allocation and travel behavior in the context of intra-household interaction is a promising avenue towards a better understanding of the conflict between family obligation and others, and their influences on activity-travel behavior, which is largely due to limited research in this area. Further, the data used in these studies exclusively came from the United States and Europe. Since China account for about a quarter of world population and have different cultures from western countries, previous findings explain only more than half of the story. Therefore, time allocation and travel behavior research using the data from those developing countries will further shed light on our understanding of activity-travel behavior.
3. Data

3.1 Data source

The data used in this study come from a two-day time-use diary survey conducted in Tianjin on Sunday and Monday in middle July, 1997. Tianjin is located in the northeastern part of the North China Plains and adjacent to Beijing. It is a traditional Chinese city while nowadays is in the stage of old city reconstruction and suburbanization. Using the data from National Census and other statistics such as the location and age of neighbourhoods and design of housing, and through site surveys, we screened potential residential neighbourhoods to ensure that they represent different geographical districts. We selected two neighbourhoods inside the urban core and three neighbourhoods in the suburb of Tianjin along three outspread orientations, as shown in Figure 1. We randomly surveyed 100 households for each neighbourhood. Both male household head and female household head were asked to complete the questionnaire. The number of responses totaled 459, yielding a 91.8% response rate. However, since some households provided information of one adult member and not all respondents reported activity records, the sample used in this study reduces to 267 households while we just concern the behavior in weekdays. Refer to Chai et al. (2002) for a detailed description of resident characteristics.
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Figure 1. Geographical Location of Neighbourhoods
(Concentric Outspread in Five orientations of the Residential Space in Tianjin City)
3.2 Modeling variables

The exogenous variables in this analysis can be classified into three categories: background characteristics, family situation and work situation (Table 1). Background characteristics involve the age and education degree of household heads. Family situation include household size, monthly income of household, the presence of Children under 6, and the presence of Children from 7 to 18. There are most of all residents living in the private house so that we do not consider the variable of the type of housing, as well as the availability of vehicles, which is much more missing in the questionnaires. The last work situation involve the male’s and female’s occupation, including the employed and the unemployed.

Enlightened by the above research reviews, various obligations are captured by the amount of time spent on each of a set of activity categories reflect the obligation from family, individual, work and leisure. Following the practice of previous studies (e.g., Zhang et al. 2005; Golob and McNally 1997), we regroup the activities into four categories: work, family maintenance, personal maintenance and leisure, detailed should be referenced as Table 2. All the categories include the in-home and out-of-home activities as a whole to explore the conflict and interaction.

Table 1. Exogenous and sample characteristics

	Variable
	No.
	Valid rate
	Variable
	No.
	Valid rate

	Background characteristics

	Age
	488 individuals
	91.4
	Education
	511 individual
	95.7

	21-30
	26(5.3)
	
	Elementary or junior high school
	149(29.2)
	

	31-40
	183(37.5
	
	
	
	

	41-50
	197(40.4)
	
	Senior high school
	203(39.7)
	

	51-60
	64(13.1)
	
	College degree and above
	159(31.1)
	

	61+
	18(3.7)
	
	
	
	

	Family situation

	Household size
	258 households
	96.6
	Monthly Income (RMB)
	259 households
	97.0

	2
	8(3.1)
	
	<1k
	133(51.4)
	

	3
	149(57.8)
	
	1k~3k
	74(28.6)
	

	4
	57(22.1)
	
	3k+
	52(20.1)
	

	5
	30(11.6)
	
	
	
	

	6+
	14(5.4)
	
	
	
	

	Children(<6)
	267 households
	100.0
	Children(7~18)
	267 household
	100.0

	presence
	28(10.5)
	
	presence
	151(56.6)
	

	absence
	239(89.5)
	
	absence
	116(43.4)
	

	Work situation

	Male's Occupation
	248 individuals
	92.9
	Female's Occupation
	238 individual
	89.1

	Unemployed
	10(4.0
	
	Unemployed
	23(90.7)
	

	Blue collar
	143(57.7)
	
	Blue collar
	114(47.9)
	

	While collar
	95(38.3)
	
	While collar
	101(42.4)
	


Note: The numbers in parentheses are percentages.

Table 2. Activity categories in this study

	Activity category
	Activity types recognized in dairy survey in Tianjin

	Work 
	Work

Wok-related

	Family maintenance (Fmai.)
	Daily grocery, market and superstore

Taking care of the older and babysitting

Home-based work such as cooking, cleaning, and yard work

	Personal maintenance (Pmai.)
	Personal business and other non-leisure activities

Meals, bath, hair-cutting etc.

Visiting post office and bank, chauffeuring, medical visit etc.

window shopping, library, book store etc.

	Leisure (Leis.)
	Reading, TV/movie, music, game

Sport, chatting, social visit bring etc.

Scenery watching, social and club activities


Note: The numbers in parentheses are abbreviation.

Source: Chai et al. (2002)

4. Methodology 

In order to estimate a simultaneous model of the interrelationships among socio-demographics, time allocation to obligation and travel behavior, the methodology of structure equation model (SEM) is applied in this research, which will fulfill our interest in including the direct and indirect effects of one variable on another. Golob has pioneered the application of this methodology in the transportation field, and together with his colleagues he has used it to address a wide variety of transportation problems (see the review of Golob, 2003; and Lu and Pas, 1999).

Structural equations modeling with observed variables are defined by the system:
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) column vector of endogenous variables (m= number of endogenous variables). In this studies, m=12. Besides the time allocation of four activity of two heads labeled in Table. 2, two define travel behavior in terms of daily total number of trips and total travel time is involved in the endogenous model.
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) column vector of exogenous variables (n= number of exogenous variables). In this studies, n=9. All the variables are presented in Table 1, except the female’s age, because it is highly correlation with the male’s age in the samples, which will easily conclude the nonpositive definite covariance matrix.
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= (m×m) matrix of coefficients representing the direct effects of endogenous variables on other endogenous variables, 
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= (n×n) matrix of coefficients representing the direct effects of exogenous variables on endogenous variables, and, 

ζ = (m×1) column vector of errors.
The hypothetical causal relationships among endogenous variables and between exogenous and endogenous variables are depicted in Figure. 2. We theoretically hypothesize that the activity categories reflect all the information of obligation, and there exist the conflict between different obligation of individual and the interaction between the household heads. In practise, we detect the direct effect between different time-use and different role. The direction of conflict between work and family should be test so we use the double-arrow to figure. As most transportation studies, we have to find the relationships between time allocation and travel behavior, but here, we just focus on the influence of work obligation and family obligation. The soci-demographics, including the background characteristics, family situation and work situation, will run true to form the determinants of time allocation and travel behavior.

Golob and McNally (1997) conclude in situation where low sample size prevents application of the Tobit model estimated using ADF-WLS, the linear model estimated using the normal theory maximum likelihood (ML) method will provide decent approximation. Though some variables cannot fulfill the normal distribution assumption (Table. 1), the ML method will be still used in this 267 sample case studies. Because some exogenous variables in this data contain missing vales and involve continuous and categorical variables (Table. 1), we will first use the expectation-maximization (EM) arithmetic to derive the covariance matrix, then use the ML approach to estimate the model. Though the flow diagram among the exogenous is not concerned (i.e. fix the covariance matrix of exogenous 
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) in the interest of the measure error of the exogenous variables (Hau et al., 2006). The LISREL software is used to estimate the model described above. 


[image: image12]Figure. 2 Hypothetical direct effects among soci-demographics, time allocation and travel behavior of two household heads

5. Findings and interpretations

The independent model has a chi-square value of 409.91 with 120 degrees of freedom. The 
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value of the estimated model is 20.20 with 96 degrees of freedom. The estimated model significantly improves the independent model (p=1.00). Various goodness-of-fit measures, such as RMSEA=0.00 (p=1.00), GFI=0.9929, and CN=1726, also indicate the model fit is good. Table 3 and Table 4 lists the effects among intrapersonal endogenous variables of male and female heads, i.e., the total, direct and indirect effects among time allocations to different obligation and travel behavior. Table 5 presents the effects among endogenous variable between two heads to explore the intra-household interaction. The test of this section will explain the results listed in these tables. The sign of the relevant coefficient estimates indicate the direction (causality) of the effects.

5.1 Intrapersonal conflict and travel behavior 

In the context of intra-household interaction, we gain the gender-role based relationships between time allocation and travel behavior, as show in Table 3 and Table 4. The results offer some logical and consistent findings as well as some gender-role based difference. With respect to intrapersonal time allocation, relationships among male’s and female’s obligations seems to be a lot of difference. As show in Table 3, men’s work activity duration significantly influence family maintenance activity duration, personal maintenance activity duration, and leisure activity leisure activity duration; meanwhile, all the direct effect is negative, which conclude the substitution of four types of activity and conflicts among the different obligations. Though the family activity duration may reduce the time for personal activities and leisure activities, all parameters are insignificant, as the same in the direct effect from male’s personal activity duration to leisure activity duration. It means the dominant activity allocate to male head is work-related activity while the men take the paid work obligation as their leading responsibility. Therefore, men’s daily time allocation is imbued with work-family conflict. By contraries, women’s work activity duration do negatively influence other three activity duration, but even all the effect is insignificant except the leisure activity duration. However, family obligations, substituting the status as men’s work stress, significantly dominate the other activity duration (Table 3). These findings are consistent with Bjornbrg (2002) on Sweeden and Duncan et al. (2003) on Britain and Cao and Chai (2007) on Shenzhen that women are still often expected to take the main responsibility for home and family. In particular, Above all, we can conclude the gender-based difference in the context of intra-Tianjin’s-household interaction: there primarily exists the family-work conflict in women’s daily time allocation while inverse work-family conflict in men’s daily time allocation. In other words, Tianjin’s male heads have more work stress while the female have more family stress.

Moreover, how do the heads allocate the time when confronting the work-family conflict or family-work conflict? We have to consider the total effects and t-value of the coefficients. For male head, supposed to increase one hour in work duration, he tend to reduce 15 minutes (0.2511×60) for family activities while this flexibility is rejected to be zero with a great probability (t= -4.4350) , i.e., he has a great probability to reduce his family activity duration. Similarly, he has more probability to reduce the time for leisure activities when meeting the work-family duration (t=-4.6522), whereas has the least probability to personal activities (t=3.3901). Comparatively, when female head encounter the family-work conflict, she will 

Table 3. Total, direct and indirect effects between endogenous of household male head
	
	
	MWork.
	MFmai.
	MPmai.
	MLeis.
	MTrav.
	MNtri.

	MWork.
	Total
	
	--
	
	
	
	

	
	Direct
	
	--
	
	
	
	

	
	Indirect
	
	--
	
	
	
	

	MFmai.
	Total
	-0.2511***
	
	
	
	
	

	
	Direct
	-0.2511***
	
	
	
	
	

	
	Indirect
	-0.2511***
	
	
	
	
	

	MPmai.
	Total
	-0.1088**
	-0.1774
	
	
	
	

	
	Direct
	-0.1533*
	-0.1774
	
	
	
	

	
	Indirect
	-0.9347
	--
	
	
	
	

	MLeis.
	Total
	-0.3462***
	-0.2751
	-0.0923
	
	
	

	
	Direct
	-0.4294***
	-0.2915
	-0.0923
	
	
	

	
	Indirect
	0.0832
	0.0164
	--
	
	
	

	MTrav.
	Total
	0.0794***
	-0.1244**
	
	
	
	19.2387***

	
	Direct
	0.0482**
	--
	
	
	
	19.2387***

	
	Indirect
	0.0312**
	-0.1244**
	
	
	
	--

	MNtri.
	Total
	0.0016**
	-0.0065**
	
	
	
	

	
	Direct
	--
	-0.0065**
	
	
	
	

	
	Indirect
	0.0016**
	--
	
	
	
	


Note: ‘*’: significant at 0.10 level; ‘**’: significant at 0.05 level; ‘***’ significant at 0.01 level

decrease the work activity duration in the more probability (t=-5.2596) and reduce the leisure in the less (t=-3.2444). However, she will increase the time for personal activities instead with a high probability (t=-4.7821). As a statistically imaginabale interpretation, Tianjin’s male heads have great stress in work and family, when encountering the work-family conflict, they seems to be more likely to give up the time for leisure, and then have to occupy the time belong to family obligation, at last squeeze the personal time with least possibility. Compared with the high-stress male, the female heads seem to be a little less. When spending more time on family obligation, they still have time to increase the personal activity duration. In case they confront the family-work conflict, they will be more likely to reduce the time for work activities than leisure activities.

Table 3 and Table 4 show the total, direct and indirect effects of time allocation to work and family obligation on travel behavior. With respect to intrapersonal travel behavior, men’s and women’s work activity duration positively directly influences their respective daily total travel time (abbr. Trav), but the women’s parameter is insignificant, implying that man’s work activity participation significantly increase the travel time. Further, more times spent for family maintenance activities significantly reduce the number of trips (abbr. Ntri) and travel time. This finding is in support of previous studies though most of them just consider the out-of-home activities (Lu and Pas, 1999; Wang and Law, 2007). We may conclude that the work obligations may lead to more time out of home and more time on the road, whereas the family obligations bring more time in home, and less frequencies and times to travel.

Table. 4 Total, direct and indirect effects between endogenous of household female head
	
	
	FWork.
	FFmai.
	FPmai.
	FLeis.
	FTrav.
	FNtri.

	FWork.
	Total
	
	-0.8402***
	
	
	
	

	
	Direct
	
	-0.8402***
	
	
	
	

	
	Indirect
	
	--
	
	
	
	

	FFmai.
	Total
	--
	
	
	
	
	

	
	Direct
	--
	
	
	
	
	

	
	Indirect
	--
	
	
	
	
	

	FPmai.
	Total
	-0.0300
	0.4230***
	
	
	
	

	
	Direct
	-0.0300
	0.3978***
	
	
	
	

	
	Indirect
	--
	0.0252
	
	
	
	

	FLeis.
	Total
	-0.3845**
	-0.2651***
	-0.2162
	
	
	

	
	Direct
	-0.3910***
	-0.5022**
	-0.2162
	
	
	

	
	Indirect
	0.0065
	0.2370
	--
	
	
	

	FTrav.
	Total
	0.0421
	-0.1714***
	
	
	
	17.5624***

	
	Direct
	0.0421
	--
	
	
	
	17.5624***

	
	Indirect
	--
	-0.1714***
	
	
	
	--

	FNtri.
	Total
	--
	-0.0077***
	
	
	
	

	
	Direct
	--
	-0.0077***
	
	
	
	

	
	Indirect
	--
	--
	
	
	
	


Note: ‘*’: significant at 0.10 level; ‘**’: significant at 0.05 level; ‘***’ significant at 0.01 level

5.2 Interaction between heads

In the context of the conflicts between work obligations and family obligations, some direct and indirect effects between male head and female head are show in Table 5. Male’s times for work, family, personal and leisure activities positively impact on female’s corresponding times for work, family, personal and leisure activities, but all parameters are insignificant except the personal activity. In particular, when man increases times for personal maintenance activities, his spouse will spend more time on personal activities too. It seems that though for the sake of the personal obligation, there exist some interactions between the heads, e.g., togerder for meals. Further, the co-interactions between male’s four activities and female’s present negative indirect effects to depict the substituted relationship between gender-role based time allocation. This is mostly consistent to the finding of the studies by Golob and McNally (1997), Cao and Chai (2007) and Zhang (2007). 

Apart from the interaction of activity duration, Table 5 also lists the relationships between male’s travel behaviour and female’s. Increasing the travel time of male may reduce the propensity to travel, nevertheless, the parameter is insignificant, implying that male’s travel time does not significantly impact on female’s travel time. However, male’s number of trips significantly influences the female’s travel behavior including the travel time and No. of trips. The coefficients are all positive. Besides, male’s work and family activities duration insignificantly indirectly affect the female’s travel behavior.

Table 5. Total, direct and indirect effects between endogenous of  heads
	
	
	MWork.
	MFmai.
	MPmai.
	MLeis.
	MTrav.
	MNtri.

	FWork.
	Total
	0.1058
	-0.0247
	
	
	
	

	
	Direct
	0.0996
	--
	
	
	
	

	
	Indirect
	0.0062
	-0.0247
	
	
	
	

	FFmai.
	Total
	-0.0074
	0.0294
	
	
	
	

	
	Direct
	--
	0.0294
	
	
	
	

	
	Indirect
	-0.0074
	--
	
	
	
	

	FPmai.
	Total
	-0.0375
	-0.0387
	0.2882*
	
	
	

	
	Direct
	--
	--
	0.2882*
	
	
	

	
	Indirect
	-0.0375
	-0.0387
	--
	
	
	

	FLeis.
	Total
	-0.074
	-0.0321
	-0.0741
	0.1283
	
	

	
	Direct
	--
	--
	--
	0.1283
	
	

	
	Indirect
	-0.074
	-0.0321
	-0.0741
	--
	
	

	FTrav.
	Total
	0.0147
	-0.0435
	
	
	-0.0077
	5.9519**

	
	Direct
	--
	--
	
	
	-0.0077
	--

	
	Indirect
	0.0147
	-0.0435
	
	
	--
	5.9519**

	FNtri.
	Total
	0.0006
	-0.0025
	
	
	
	0.3474***

	
	Direct
	--
	--
	
	
	
	0.3474***

	
	Indirect
	0.0006
	-0.0025
	
	
	
	--


Note: ‘*’: significant at 0.10 level; ‘**’: significant at 0.05 level; ‘***’ significant at 0.01 level

5.3 Influence of soci-demographics on obligation and travel

The effects of socio-demographics on time allocation of various obligations and travel behavior in terms of number of trips and travel time are all insignificant except the impact of the presence of children under 6 on female’s personal maintenance. This finding is something strange to previous research about activity-travel behavior (e.g., Lu and Pas, 1999; Golob and McNally, 1997). One of the reasons may be that there is a little big missing data in the exiguous variables. However, we can only derive that having young children especially influence the time allocation of female, in particular, significantly directly influence the personal obligation allocation, whereas there is no consistent such effect among male. These findings seem to find more in the work-family research (Gustafson, 2006; Presser and Hermsen, 1996).
6. Concluding discussion

Up until now, researches of individual time allocation and travel behavior have played a dominant role in transportation studies; however there exist many cases in which intrapersonal conflict and intra-household interaction cannot be ignored. The structural equation modeling methodology was applied to indentify the causal relationships between time allocation and travel behavior in the context of intra-household interaction using the data of Tianjin, China. In an attempt to distinguish the obligation of family and work, this paper empirically classified the activity participation into four types, respectively, work indicate work obligation, family maintenance activity indicate family obligation, personal maintenance activity indicate personal obligation and leisure activity. As a result, there primarily exists the family-work conflict in female’s daily time allocation while inverse work-family conflict in male’s daily time allocation. In other words, Tianjin’s male heads have more work stress while the female have more family stress. This finding provides further evidence on the intrapersonal conflict with time allocation. Afterwards, the total effect indicate that when encountering the work-family conflict, male head seems to be more likely to give up the time for leisure, then have to occupy the time for family obligation, at last squeeze the personal time with least possibility, while the female heads seem still have time to increase the personal activity duration, and will more likely to reduce the time for work activities than leisure activities in case they confront the family-work conflict. Further, no matter what conflict the heads encounter, the work obligation will increase the travel behavior in terms of total travel time and numbers of trips, while the family obligation reversely reduce the travel time and numbers of trips. 

This study provides another justification for the household-level analysis to studying the intra-household interaction between Tianjin’s male heads and female heads. Globe and McNally (1997) and Cao and Chai (2007) argued that there exist substitution, companion and complementary effects between heads. Here, this paper give out the companion and complementary interaction occur to the same activities from male heads to female heads, whereas co-activities have the substitution effect between heads. Moreover, male’s number of trips significantly positively influences the female’s travel behavior. Besides, the effects of socio-demographics on time allocation and travel behavior are all insignificant except the impact of the presence of children under 6 on female’s personal maintenance. This finding provides some evidence for evaluating the influence of socio-demographics.

The present study may be extended in number of ways in future. First, for more detail, we need to classify the activity categories into in-home and out-of-home, though this study expects to catch the holistic characters of time allocation of activity participation. Second, more household members should be considered in the model to capture more information of intra-household interaction. Third, study the relationships between socio-demographics and activity-travel behaviors should be presented more variables respect the socio-demographics and travel behaviors. Fourth, it is better to make clear the process of intra-household decision-making mechanism in view of intrapersonal conflict.
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