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Abstract

This paper contributes to the literature on activity-based travel modeling and time-use analysis by examining the in-home time commitments of parents. Data from the 2000 San Francisco Bay Area Travel Survey were used to analyze the in-home time investments of children and parents in young, nuclear-family households (i.e., male-female couple, one or two children, and all children between the ages of 0 and 12 years). The results indicate that, on an average, children between ages of 0-12 years spend over 9 hours in non-sleep time in-home, with younger children spending considerably more time than the older children. In only about 18% of the households, children were observed to spend time in-home unaccompanied by either of their parents suggesting that children are very less likely to be left in-home unsupervised by their parents. Together, these results underscore the in-home time commitment needs of parents in young nuclear family households. Further, the empirical results reinforce the continued role of mothers are the primary care-givers of children. On examining the inter-dependencies in the in-home time investment patterns of mothers and fathers, we find that the non-working member of the household (often the mother) assumes a greater role in accompanying the child when in-home. Consequently, the travel pattern of this parent is likely to be synchronized to a greater extent with the activity-travel pattern of the child. Future activity-travel models should aim at explicitly incorporating such linkages.
1. Background


The activity-based travel-modeling paradigm focuses on describing the overall daily time use of all household members as a precursor to determining travel patterns of individuals. Substantial research to-date in this area has been towards analyzing out-of-home activity-travel patterns of adults and studies focused on in-home time-use of adults are relatively few (see for example, Srinivasan and Bhat, 2006, Srinivasan and Bhat 2005, Yamamoto and Kitamura, 1999, and Misra and Bhat, 1999). Almost none of these studies have, however, explicitly examined the in-home time-investment patterns of parents due to the presence of children in-home. 

The time spent in-home by families with children (especially young children) can be expected to be significantly higher than those without children. While some of the parental in-home time is spent directly in caring and providing for the children, the in-home presence of parents is also motivated by the need to simply be physically present with their children (sometimes referred to as provision of secondary child-care). Such in-home time commitments constrain the overall out-of-home activity and travel behavior of parents. For example, the duration available for out-of-home activities may be limited, and restricted to particular times of the day. Alternately, the parents may have to co-ordinate their travel so that at-least one of them can be present with any children at home all the time (unless help for baby-sitting is obtained). 


In the light of the above discussions, the objective of this study is to undertake an exploratory analysis of in-home time investments of parents for direct or secondary child care. Specifically, we examine the durations and time-of-day periods when parents are committed to being in-home because of the presence of children at home. Consequently, this provides insights on time-windows available for parents’ travel. Further, we also examine the inter-dependencies between the in-home time commitments of parents. That is, do both parents spend time independently with their child during the day or does only one parent undertake the primary care of the child. 
2. Data


The exploratory analysis presented in this paper was undertaken using data from the 2000 San Francisco Bay Area Travel Survey (BATS). This survey collected information on all activity (both in-home and out-of-home) and travel episodes undertaken by individuals from over 15,000 households in the Bay Area for contiguous two-day periods (at-least one of the two days being a weekday). The reader is referred to MORPACE International Inc. (2002) for further details on this survey. 

From this survey, we extracted a sample comprising weekday records for young nuclear family households (i.e., male-female couple, one or two children, and all children between the ages of 0 and 12 years). The sample was subject to cleaning and consistency checks to ensure that the activity-travel information was available for all household members. Subsequently, each activity episode was classified as either in-home or out-of-home based on the location of activity episode participation. The sample available for our analysis comprises data from 2019 households. Of these 893 households have one child and 1126 have two children. 

The following approach was taken to determine the presence of children and parents in-home at each point in time during the day. First, the day was divided into 96 contiguous 15-minute periods (4:00-4:15 AM, 4:15-4:30 AM, and so on). Second, a person was assumed to be in-home during any 15-minute period if the person was in-home during the mid-point of that period. Third, the number and types of persons in-home during each of the 96 periods were determined by suitably aggregating the person-level information to the household-level. It is useful to note here that, any mismatches between the reported times across household members could result in minor errors in the determination of persons in-home during different time periods. For example, if the mother reports a departure time of 7:45 AM from home to drop of the child at school whereas the child reports a departure time of 8:00 AM, our analysis from above will indicate that the child was in-home alone during the 7:45-8:00 AM period. Such inconsistencies can be reduced by using thresholds in temporal matching across the different persons in the household, but such an exercise was not adopted in this preliminary study. 
3. Exploratory Analysis Results

This section presents the results of our exploratory analysis and is organized in the following way. Section 3.1 quantifies the total duration spent by children in-home and identifies the time-of-day periods when the children are most likely to be in-home. The next four sections (Section 3.2 – Section 3.5) are focused on the in-home time investment characteristics of the parents during the times when their child is in-home (irrespective of whether the child was awake or sleeping). In the case of two children households, we use the in-home presence of the younger child as the younger child spends more time at home and is also almost always likely to be in-home whenever the elder child is. Finally, Section 3.6 explores some inter-dependencies in the in-home time investment patterns of the mother and the father in accompanying their child at home. 
3.1 Total In-home Time Spent by Children


Table 1 presents descriptives on non-sleep and total durations spent by children in-home. On an average, children between ages of 0-12 years spend over 9 hours in non-sleep time in-home. Including sleep durations also, the average time spent in-home by children doubles to approximately 18 hours. In addition, the table also highlights the decreasing in-home times as the children get older, as would be expected. In summary, this table highlights, very broadly, the extent of time one or both parents need to be at home accompanying their children. 


Figure 1 presents the time-of-day of in-home presence of children. Three separate graphs are provided to among between children of different age groups. The graphs indicate the faction of all children in the sample (and belonging to the appropriate age group) who are in-home at that time of the day. Several intuitive patterns are observed. Almost all children are in-home till about 8 AM and at least about 90% of the children are in-home beyond 9 PM. Among very young children, at least 50% are in-home at any point in the day. As the children attain school-going age, the likelihood of their in-home presence during mid-day decreases. Finally, older children are more likely to be out-of-home during the later parts of the day (especially between 6-9 PM) compared to younger children. 
3.2 Unaccompanied In-home Time Spent by Children


In about 18% of the households, children were observed to spend time in-home unaccompanied by either of their parents. It is useful to note here that information on child-care arrangements is unknown. The median time spent by such children is 150 minutes (mean = 206 minutes and SD = 164 minutes). On an average, unaccompanied time represents only about 16% of the total in-home time spent by such children. Clearly, these descriptives highlight that children are very less likely to be left in-home unsupervised by their parents. 


We further examined what kinds of children spend in-home time unaccompanied by either of their parents using a binary logit model (this is referred to as “participation”) and the duration of unaccompanied time (conditional on such a participation) using a linear regression model. These results are presented in Table 2.  The explanatory factors are broadly divided into (1) Characteristics of the child, (2) Characteristics of the parents, and (3) Characteristics of the household. 

The empirical results indicate that younger children are very less likely to be in-home alone (i.e., without the supervision of either parent). Children who go to school are more likely to spend time alone, however, the duration of their unaccompanied time is generally lesser. Finally, and as would be expected, the greater the overall in-home time spent by the child, the greater the likelihood of not being accompanied and greater is the in-home duration spent alone. Children of employed mothers and of parents who go to work are more likely to stay alone and the duration of this stay increases with increasing work durations of the mother and father. In particular, the work duration of the mother has a significantly greater impact on the duration than that of the father. Finally, parents in two children households are more likely to leave their younger child unaccompanied; perhaps in this case, the elder child assumes the role of the baby sitter. 

Figure 2 presents the time-of-day of unaccompanied in-home presence of children. The graphs indicate the faction of children (who spend in-home time alone) who are in-home alone at that time of the day. This graph highlights that children are most likely to be home alone during the afternoon and early evening periods (especially between 4 and 6 PM). This is probably because of the lack of co-ordination between the school end-time of the children and the work end-time of the parents. 
3.3 In-home Time Spent by Mother Alone with Children

In about 81% of the households, mothers were observed to spend time in-home accompanying their child (without the simultaneous presence of the father). The median time spent accompanying the child by such mothers is 255 minutes (mean = 301 minutes and SD = 215 minutes). On an average, time spent by mothers alone with their child represents about 25% of the total in-home time spent by such children. These descriptives reinforce the role of mothers as the primary care-givers of children. 


Table 3 presents the results of the logit model for the mothers’ participation in in-home activities with the child alone (see column titled participation) and regression model for the duration of such time investments (see column titled duration) conditional on participation.  The explanatory factors are broadly divided into (1) Characteristics of the child, (2) Characteristics of the parents, and (3) Characteristics of the household. 


The empirical results indicate that irrespective of the age of their children, mothers are always likely to participate in in-home activities alone with their child. However, mothers of younger children spend more in-home time alone with their kids. Mothers of school going children are more likely to spend time alone with their children. Finally, and as would be expected, the greater the overall in-home time spent by the child, the greater the likelihood of mother accompanying the child alone and greater is the in-home duration spent in such episodes. The impacts of the employment characteristics on mothers’ in-home time with the child are as expected. Specifically, working mothers spend less in-home time with their children alone. However, with the father working, mothers’ in-home time with their children increases. Finally, mothers in two children households spend lesser time alone with their child than in one-child households. 


Figure 3 presents the time-of-day of in-home presence of mothers with their children alone. Separate graphs are presented depending on whether the mother went to work or not. The graphs indicate the faction of mothers (who spend in-home time alone with their child and belonging to the appropriate worker/nonworker category) who are in-home alone with their child at that time of the day. The likelihood of working mothers spending time with their children during the mid-day is significantly less than that of non working mothers, as would be expected. In the case of the working mothers, the time spent alone with their child appears to be predominantly between 7-9 in the morning and 5-8 in the evening. 
3.4 In-home Time Spent by Father Alone with Children

In about 36% of the households, fathers were observed to spend time in-home accompanying their child (without the simultaneous presence of the mother). The median time spent (accompanying the child) by such father is 105 minutes (mean = 152 minutes and SD = 156 minutes). On an average, time spent by fathers alone with their child represents about 13% of the total in-home time spent by such children. On comparing with the corresponding descriptive measures from Section 3.3, we see that fathers are not only less likely to spend time alone with their children in-home, but conditional on choosing to participate, the durations spent alone with children are also significantly lesser than those of mothers. 


Table 4 presents the results of the logit model for the fathers’ participation in in-home activities with the child alone (see column titled participation) and regression model for the duration of such time investments (see column titled duration) conditional on participation.  The explanatory factors are broadly divided into (1) Characteristics of the child, (2) Characteristics of the parents, and (3) Characteristics of the household. 


The empirical results indicate fathers are less likely to spend in-home time alone with younger children (From Table 3, the reader will note that age of the child was not found to influence mothers’ pursuit of in-home time alone with children). Further, if the child is very young (age 0-3 years), the duration of time spent alone with the child also decreases. It is also interesting to note that fathers are more likely to spend time alone with a son than a daughter (although this effect is only marginally significant). Finally, and as would be expected, the greater the overall in-home time spent by the child, the greater the likelihood of father accompanying the child alone and greater is the in-home duration spent in such episodes. The impacts of the employment characteristics on fathers’ in-home time with the child are as expected. Specifically, working fathers spend less in-home time with their children alone. However, with the mother working, fathers’ in-home time with their children increases. 


Figure 4 presents the time-of-day of in-home presence of fathers with their children alone. Separate graphs are presented depending on whether the father went to work or not. The graphs indicate the faction of fathers (who spend in-home time alone with their child and belonging to the appropriate worker/nonworker category) who are in-home alone with their child at that time of the day. The likelihood of working fathers spending time with their children during the mid-day is significantly less than that of non working fathers, as would be expected. Further, on comparing Figures 3 and 4, we find that that there is little variability in the likelihood of a nonworking father accompanying a child over the mid-day period compared to that of a nonworking mother. Finally, as in the case of the profile for working mothers, the profile of the time-of-day when fathers spend time alone with their children also has two peaks, one in the morning and the other in the evening. However, unlike in the case of mothers (from Figure 3), the evening peaking happens later in the day (between 7 and 10 PM). 
3.5 In-home Time Spent by Both Parents with Children

Both fathers and mothers were observed to spend in-home time together with their child in all the households. The median time spent (accompanying the child) is 750 minutes (mean = 762 minutes and SD = 171 minutes). On an average, time spent by both parents together with their child in-home represents about 70% of the total in-home time spent by children. It is useful to note that since we do not distinguish between the times the child is awake and when the child is asleep, a substantial portion of the 750 minutes is likely to be sleep duration. None-the-less, this does serve to highlight the desire/need of both parents to be present home for significant durations during the times when children are in-home. 

Table 5 presents the results of the regression model for the duration of joint in-home time investments by both parents with their child (see column titled duration).  The empirical results suggest that when the children at home are younger, the parents spend longer times together in-home with the child. This is perhaps reflective of the greater child-care needs of the younger kids. Caucasian parents are found to spend lesser time together. As would be expected, as the total in-home time of the child increases, the amount of time spent together by the parents in-home also increases. On the other hand, with the increasing work duration of both mothers and fathers, the joint in-home time decreases, with the work duration of the father having a comparatively greater impact than that of the mother. 


Figure 5 presents the time-of-day of joint in-home presence of both parents with their child. Four separate graphs are presented depending on whether each of the parents went to work or not. The graphs indicate the faction of parents (belonging to the appropriate worker/nonworker category) who are in-home together with their child at that time of the day. The graphs indicate that, joint in-home presence during the mid-day happens only in the case of households in which neither parent went to work. Further, among households in which at least one parent works, the likelihood of joint in-home presence between 6-8 PM is higher when only the mother goes to work possibly suggesting mothers are more likely to return home earlier from work than fathers. Beyond about 10 PM, there is little difference in the profiles between households without any workers and households with one or more workers. 
3.6 Interdependencies in In-home Time Investments Between Parents 

All the analysis thus far has focused on examining the in-home time commitments of each of the parent independently without explicitly considering the time invested by the other for child care. In this section we examine the interdependencies in the in-home time investments of parents. Table 6 presents a cross tabulation of the in-home time-investment patterns of both parents with their child against their working patterns. In the overall, we find that only one of the parents spends time alone with the child in most of the cases (in approximately 70% of the households). Further, in about 82% of the cases in which only the father is going to work, only mothers spend in-home time alone with the child. Similarly, in about 56% of the cases in which only the mother is going to work, only fathers spend in-home time alone with the child. Overall this suggests that the non-working member of the household (often the mother) assumes a greater role in accompanying the child when in-home. Consequently, the overall travel pattern of this parent is likely to be synchronized to a greater extent with the activity-travel pattern of the child. 


Both parents spend time independently with their child in only 24% of the households. Further, the likelihood of both parents spending in-home time independently with their child is higher if the mother goes to work. In the cases where both parents spend in-home time independently with their children, we further examined the time-of-day of in-home presence of the mother and father. These results are presented in Figures 6a (graphs for households with non working mothers) and 6b (graphs for households with working mothers). Figure 6a indicates that in households with non working mothers, if fathers also undertake independent in-home time with the children, it tends to be later in the evening and often between 8-10 PM. In contrast, in the case of households with working mothers (Figure 6b), the independent in-home time investments of the parents peaks between 8-9 AM and between 5-7 PM. This suggests that parents in dual-worker households may co-ordinate their work start and end times to ensure that at least one person is present with their children in-home at all times. 
4. Summary and Conclusions


This paper contributes to the literature on activity-based travel modeling and time-use analysis by examining the in-home time commitments of parents. Data from the 2000 San Francisco Bay Area Travel Survey were used to analyze the in-home time investments of children and parents in young, nuclear-family households (i.e., male-female couple, one or two children, and all children between the ages of 0 and 12 years).


The results indicate that, on an average, children between ages of 0-12 years spend over 9 hours in non-sleep time in-home, with younger children spending considerably more time than the older children. In only about 18% of the households, children were observed to spend time in-home unaccompanied by either of their parents suggesting that children are very less likely to be left in-home unsupervised by their parents. Together, the above results underscore the in-home time commitment needs of parents in young nuclear family households. 


In about 81% of the households, mothers were observed to spend time in-home accompanying their child (without the simultaneous presence of the father).  In contrast, in only about 36% of the households, fathers were observed to spend time in-home accompanying their child (without the simultaneous presence of the mother). Further, the durations spent by mothers accompanying the child are also are considerably higher than those of the father. These descriptives reinforce the continued role of mothers as the primary care-givers of children. In addition to times spent alone, fathers and mothers were observed to spend in-home time together with their child in all the households and for an average duration of over 12 hours. This result serves to highlight the desire/need of both parents to be present in-home for significant durations during the times when children are in-home. 


On further examining the inter-dependencies in the in-home time investment patterns of mothers and fathers, we find that only one of the parents (and most often, the non-worker) spends time alone with the child in most of the cases. Overall this suggests that the non-working member of the household (often the mother) assumes a greater role in accompanying the child when in-home. Consequently, the travel pattern of this parent is likely to be synchronized to a greater extent with the activity-travel pattern of the child. Future activity-travel models should aim at explicitly incorporating such linkages. 
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Table 1 In-home Durations of Children by Age

	Age
	# Cases
	In home non-sleep duration
	Total in home duration

	
	
	Mean
	SD
	Mean
	SD

	0
	297
	679.25
	281.91
	1223.02
	222.16

	1
	242
	621.17
	242.29
	1173.48
	234.34

	2
	312
	578.49
	227.37
	1173.50
	211.69

	3
	330
	564.85
	258.45
	1133.53
	225.57

	4
	255
	543.41
	280.37
	1082.91
	232.44

	5
	270
	555.65
	253.98
	1090.41
	214.02

	6
	262
	511.47
	239.70
	1034.74
	192.97

	7
	228
	495.46
	252.76
	1029.24
	216.65

	8
	254
	502.78
	233.85
	1005.06
	185.07

	9
	199
	496.69
	245.02
	986.79
	183.11

	10
	180
	496.87
	240.85
	991.44
	204.52

	11
	165
	493.81
	218.21
	987.98
	200.46

	12
	151
	539.89
	236.75
	980.20
	173.95

	Total
	3145
	551.19
	255.12
	1082.63
	225.11


Table 2 Unaccompanied In-home Time Spent by Children

	 
	Participation
	Duration

	 
	Param.
	t stat.
	Param.
	t stat.

	Characteristics of child
	 
	 
	 
	 

	Age 0-3 years
	-1.299
	-7.263
	 
	 

	Age 4-7 years
	-1.130
	-6.196
	 
	 

	Child goes to school
	0.336
	1.755
	-32.034
	-1.795

	In-home duration of child
	0.005
	11.957
	0.405
	9.863

	Characteristics of parents
	 
	 
	 
	 

	Mother is employed
	0.757
	3.885
	 
	 

	Mother goes to work
	1.489
	8.223
	 
	 

	Work duration of mother
	 
	 
	0.326
	12.587

	Father goes to work
	1.136
	5.725
	 
	 

	Work duration of father
	 
	 
	0.085
	2.932

	Characteristics of household
	 
	 
	 
	 

	Two child household
	0.210
	1.570
	20.847
	1.642

	Constant
	-9.093
	-13.768
	-399.780
	-7.029


Table 3 In-home Time Spent by Mother Alone with Children

	 
	Participation
	Duration

	 
	Param.
	t stat.
	Param.
	t stat.

	Characteristics of child
	 
	 
	 
	 

	Age 0-3 years
	 
	 
	28.604
	3.157

	Age 4-7 years
	 
	 
	18.716
	1.969

	Child goes to school
	0.389
	2.254
	 
	 

	In-home duration of child
	0.003
	7.913
	0.534
	32.284

	Characteristics of parents
	 
	 
	 
	 

	Mother is employed
	 
	 
	-29.369
	-3.708

	Mother goes to work
	-1.335
	-8.404
	 
	 

	Work duration of mother
	 
	 
	-0.265
	-14.375

	Father goes to work
	3.190
	18.431
	 
	 

	Work duration of father
	 
	 
	0.387
	24.331

	Characteristics of household
	 
	 
	 
	 

	Two child household
	0.210
	1.516
	-14.635
	-2.270

	Constant
	-3.816
	-7.159
	-431.357
	-19.259


Table 4 In-home Time Spent by Father Alone with Children

	 
	Participation
	Duration

	 
	Param.
	t stat.
	Param.
	t stat.

	Characteristics of child
	 
	 
	 
	 

	Age 0-3 years
	-0.623
	-4.445
	-18.688
	-1.946

	Age 4-7 years
	-0.375
	-2.542
	 
	 

	Son
	0.137
	1.322
	 
	 

	Child goes to school
	 
	 
	 
	 

	In-home duration of child
	0.001
	4.723
	0.342
	15.203

	Characteristics of parents
	 
	 
	 
	 

	Mother is employed
	0.338
	2.224
	28.099
	1.980

	Mother goes to work
	1.641
	11.401
	 
	 

	Work duration of mother
	 
	 
	0.224
	10.096

	Father goes to work
	-1.121
	-8.369
	 
	 

	Work duration of father
	 
	 
	-0.200
	-10.544

	Characteristics of household
	 
	 
	 
	 

	Two child household
	0.151
	1.421
	 
	 

	Constant
	-1.783
	-4.963
	-235.058
	-7.868


Table 5 In-home Time Spent by Both Parents with Children
	 
	Duration

	 
	Param.
	t stat.

	Characteristics of child
	 
	 

	Age 0-3 years
	30.264
	3.515

	Age 4-7 years
	23.269
	2.581

	Caucasian
	-13.066
	-1.696

	In-home duration of child
	0.127
	8.199

	Characteristics of parents
	 
	 

	Work duration of mother
	-0.141
	-9.790

	Work duration of father
	-0.354
	-26.469

	Constant
	783.259
	37.650


Table 6 Cross Tabulation of In-home Time-Investment Patterns of Both Parents against their Work Patterns 
	 
	Neither work
	Only mother works
	Only father works
	Both work
	Total

	Neither spends time alone
	64
	14
	11
	53
	142

	Only mother spends time alone
	58
	17
	796
	288
	1159

	Only father spends time alone
	44
	86
	8
	102
	240

	Both spend time alone
	34
	36
	158
	250
	478

	Total
	200
	153
	973
	693
	2019

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	 
	Neither work
	Only mother works
	Only father works
	Both work
	Total

	Neither spends time alone
	32.00
	9.15
	1.13
	7.65
	7.03

	Only mother spends time alone
	29.00
	11.11
	81.81
	41.56
	57.40

	Only father spends time alone
	22.00
	56.21
	0.82
	14.72
	11.89

	Both spend time alone
	17.00
	23.53
	16.24
	36.08
	23.68

	Total
	100
	100
	100
	100
	100
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Figure 1 Time-of-day: In-home Presence of Children by Age
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Figure 2 Time-of-day: Unaccompanied In-home Time Spent by Children
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Figure 3 Time-of-day: In-home Time Spent by Mother Alone with Children
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Figure 4 Time-of-day: In-home Time Spent by Father Alone with Children
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Figure 5 Time-of-day: In-home Time Spent by Both Parents with Children
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Figure 6a Time-of-day: In-home Time Spent by Each Parent when Both Spend Independent Time with Their Children (Households with Non-working Mothers)
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Figure 6b Time-of-day: In-home Time Spent by Each Parent when Both Spend Independent Time with Their Children (Households with Working Mothers)

