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Abstract

Background—The potential for adults to accrue significant physical activity through public 

transit use is a topic of interest. However, there are no data on analogous questions among 

children. The goal of this analysis was to quantify patterns of transit use and correlates of transit-

related physical activity among children aged 5 to 17 years.

Methods—Data for this cross-sectional study came from the 2012 California Household Travel 

Survey. Probit regressions modeled the probability of transit use; negative binomial regressions 

modeled minutes/day in transit-related active travel.

Results—Public transit use accounted for 3% of trips in California in 2012. Older Hispanic 

youth and those residing in areas with greater housing density and county size had a higher 

probability of transit use. Driver licensure, home ownership, household income, and vehicles in 

household were negatively correlated with public transit use. Race/ethnicity, income, and transit 

type were correlated with time spent in active travel to/from transit.

Conclusions—Given its importance as a source of physical activity for some children, 

researchers should consider assessment of public transit-related activity in physical activity 

measurement instruments. Efforts to encourage active travel should consider how to incorporate 

transit-related activity, both from a measurement perspective and as an intervention strategy.
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Current physical activity guidelines recommend 60 minutes per day of physical activity for 

children and adolescents.1 However, a low proportion of US youth accumulate sufficient 

physical activity to meet these recommendations.2 In response, a great deal of recent 
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scholarship concerning physical activity in children has been focused on understanding or 

promoting active transportation choices, such as walking or biking, to determine if this is an 

effective strategy to increase overall physical activity. The general logic underlying this 

focus on active transport is that if physical activity can be incorporated as part of activities 

that must be undertaken anyway, physical activity will become a more regular and frequent 

behavior. However, existing research on active transportation practices among children has 

been relatively restricted in focus. Researchers have almost exclusively examined trips that 

are entirely walk- or bike-based, especially those connected to trips to or from school.3–11

Unfortunately, this emphasis on school-related trips using selected transport modes neglects 

the fact that children frequently travel to nonschool destinations, and it does not properly 

account for public transit use among children. Public transit (eg, bus, light rail, subway, etc) 

lies in the middle of the active versus motorized travel mode continuum. It generally 

requires some travel to get from origin (eg, home) to the transit stop and more travel from 

the subsequent transit stop to the final destination (eg, school, store, or job). Because these 

access and departure trips to and from transit are frequently accomplished by walking, prior 

research has shown that among adults a significant amount of physical activity can be 

accrued each day, in some cases up to 30 minutes of physical activity per day.12

Perhaps owing to an assumption that children are infrequent transit users, no research has 

attempted to answer similar questions regarding transit and physical activity in children. 

This is problematic for at least 2 reasons. First, the structure of most existing self-report 

instruments often do not include opportunities for children (or their proxy) to report transit-

related physical activity. Because some children may participate in significant amounts of 

transit-related walking or biking, this omission would result in an underestimation of total 

physical activity levels. Second, without understanding the potential for children in terms of 

transit-related physical activity, it is not possible to develop programmatic activities to 

encourage this behavior.

In response to the current lack of data, the purpose of this article is to describe transportation 

patterns among children and to characterize associations of demographic and socioeconomic 

factors with overall transit use and transit-related physical activity. The analyses use a large, 

cross-sectional, population-based survey of travel behavior among families in California.

Methods

Data Source

For this analysis, data from the 2012 California Household Travel Survey (CHTS) were 

used. This statewide travel survey enrolled >42,000 households. An address-based sampling 

frame was used to recruit households via computer-assisted telephone interviewing and a 

CHTS website. Data collected included a questionnaire and a single-day travel diary. All 

individuals within a recruited household were asked to complete the individual-level 

questionnaire and travel diary; 1 person was asked to complete the household-level 

questionnaire. In general, a proxy responded for children younger than 16 years, whereas 

those aged 16 years and older responded for themselves. For purposes of this analysis, the 

dataset was restricted to children and adolescents who were at least 5 years of age but less 
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than 18 years (ie, school-aged children). The complete CHTS dataset was downloaded from 

the Transportation Secure Data Center maintained by the National Renewable Energy 

Laboratory in September 2014. More details on the survey sampling plan and methodology 

of the CHTS are available elsewhere.13

Analysis

Transit-related walking can be considered the product of 2 decisions: first, the decision of 

whether to use transit, and second, the decision about how to get to and from transit (ie, 

active vs inactive modes). Therefore, we developed 2 separate regression models. The first 

was a probit model, with the dependent variable operationalized as transit use on the 

assigned travel day, yes or no. Independent variables were selected on the basis of prior 

research of similar questions regarding transit use and physical activity among adults. These 

variables included age, gender, race/ethnicity, driver license status, employment status, 

housing density, home ownership, household income, household size, vehicles per licensed 

driver in the household, presence of at least 1 adult in the house who used transit in the past 

week, and the degree of urbanization of the census tracts in which participating families 

resided. The last variable was derived from Rural-Urban Commuting Area Codes from the 

US Department of Agriculture. The questions referring to the home or household were 

answered by the designated household respondent (an adult in the home), and the rest were 

answered directly by the child or their proxy. County size was based on Census figures. For 

ease of exposition, average marginal effects were calculated, which reflect the probability of 

transit use associated with each variable.

The second model was of transit-related walking, operationalized as total minutes per day, 

among those who used any transit on their assigned travel days. The total minutes of transit-

related walking is properly thought of as a count variable, as it can only take on nonnegative 

integer values. Therefore, we modeled this variable using a negative binomial regression, 

which accounts for the skewed distribution of the outcome. All variables from the probit 

model were included, plus a variable indicating whether the child used only bus transit, only 

rail transit, or both on their assigned travel day. Average marginal effects were calculated, 

which reflect the predicted number of minutes of active travel per day.

In addition to the main regression models, additional models were tested that incorporated 

all 2-way interactions and the 3-way interaction between age, gender, and race/ethnicity. 

Interaction terms were tested individually in separate models. The standard errors in both 

regression models were corrected for clustering of children within household. Survey 

weights reflecting the complex sampling design of the CHTS were applied for purposes of 

generating descriptive statistics. All analyses were conducted with Stata v13.1 (StataCorp 

LP, College Station, TX), and Stata code to replicate the analyses is provided at github.com/

durandca/JPAH2016. The authors’ institutional review board granted exempt status to this 

analysis because of the publicly available nature of the data set.

Results

The demographic profile of youth in the sample is described in Table 1. After weighting the 

sample data, approximately one-half of the sample were Hispanic, there was a roughly equal 
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split between males and females, <10% were employed or had a driver’s license, and most 

children resided in single-family detached homes, households with incomes of <$75,000 per 

year, and urban census tracts. Overall, the majority of trips taken by children were by 

automobile, at almost 72%. Walking was the second most common form of travel at 19%. 

Transit use accounted for 2.7% of the trips, similar to the portion of trips taken by bike. 

Among children who used any form of transit, the median time spent in active travel to and 

from transit on the assigned travel day was 21 minutes (interquartile range = 12–34 

minutes).

Results of the probit regression model are shown in Table 2. Age, housing density, and 

having an adult in the household who used transit were positively associated with probability 

of using any transit type. Driver licensure, home ownership, household income, vehicles in 

household per licensed driver, and urbanicity were negatively correlated with probability of 

any transit use. The marginal effects, which are interpreted as the change in the probability 

of transit use for each unit change in the independent variables, indicate that the correlations 

between the predictors and probability of transit use were generally small in magnitude. For 

example, for each 10 year increase in age, the probability of transit use increases by 0.4 

percentage points. The largest associations in terms of probability were observed for 

children having an adult in the household who used transit, for whom the probability of 

transit use increased by 4 percentage points compared with those without an adult in the 

home using transit.

Also shown in Table 2 is the negative binomial regression model of minutes spent in transit-

related active travel. Race/ethnicity, having a driver’s license, housing type, income, vehicles 

per licensed driver, presence of a transit using adult in the home, and transit type were 

significantly correlated with minutes per day spent in active travel to transit. Examining the 

marginal effects, black/African-American children accrued 14 minutes more of active travel 

to transit per day as compared with white children. Compared with those without a driver’s 

license, those children with a driver’s license achieved 11 minutes less of transit-related 

activity. Those who resided in a mobile home, compared with a single-family detached 

house, achieved almost 19 minutes more transit-related activity. Compared with the lowest 

income category, children in the second highest income category achieved about 12 minutes 

less per day of active travel to transit. As the number of vehicles per licensed driver in the 

home increased, the expected minutes per day of transit-related activity declined. Those 

children with an adult who used transit in the home accrued almost 5 minutes per day more 

transit-related activity, compared with those without such an adult. Finally, compared with 

children who used only bus transit, children who used both bus and rail transit achieved 27 

minutes more per day of active travel to transit.

Between both regression models, only 1 interaction term was significant: age by race/

ethnicity, for the model with transit use as the outcome. Figure 1 shows that the probability 

of transit use increased with higher age among white, black, and Hispanic children, but not 

among American Indian or Asian children.
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Discussion and Conclusion

To our knowledge, this is the first analysis to quantify the public transit use of children in a 

large, population representative sample and to further explore the physical activity 

attributable to transit use in children. Overall, utilization of public transit as a percentage of 

all trips among children is similar to that of adults, at about 3%, and active travel to public 

transit is a significant source of physical activity for some children. Given the median 

transit-related walking time of 21 minutes, at least one-half of children who use transit can 

be expected to achieve approximately one-third of their daily recommended time of physical 

activity through transit use alone. We found that many of the correlates of transit use and 

transit-related physical activity in children are similar to those previously identified among 

adults, namely, economic factors such as family income and vehicle ownership, race/

ethnicity, urbanization, and access to rail transit.14,15 However, this knowledge should be 

tempered by the fact that the effect sizes noted in terms of the correlation with transit use 

were relatively small. The statistical significance of these associations may be due simply to 

the sheer size of the population included in model 1. This could indicate that variables not 

included here are more important predictors of transit use in children. The effect sizes in 

terms of the correlation with minutes per day of transit-related physical activity were more 

substantial.

Perhaps the most important conclusion from this analysis concerns physical activity 

measurement. Self-report instruments to measure physical activity in children should seek to 

specifically quantify minutes spent in transit-related walking, especially if the participant 

population has lower income, is minority, and resides in a more populous, denser urban 

environment served by both rail and bus, all characteristics associated with higher transit use 

and/or transit-related physical activity among children. To our knowledge, only 1 instrument 

developed for use in children explicitly accounts for this form of activity, and even then only 

in the context of travel to and from school.16 To the extent this mode of travel is not 

accounted for, instruments will tend to undercount physical activity, especially the light-to-

moderate intensity activities (eg, walking and cycling) that characterize transit-related active 

travel.

An additional implication is for physical activity interventions. Policy and programmatic 

interventions to promote walking and biking to school have been developed, but our results 

suggest these could be extended to further promote transit use as a way to get to school and 

simultaneously accrue physical activity.17,18 This would make these programs more 

inclusive, because they could potentially target children who live too far away to walk the 

entire trip to and from school, but who may be able to use transit for part of the trip. In 

addition, trips to other destinations besides school could be targeted, such as recreational 

destinations or after-school/summer jobs. The issue of transit use among children is, of 

course, more complex than among adults because it is likely that for many of the children, 

the decision to use transit is not under their control; it is rather more likely that they are 

using transit under the direction of their parent or guardian. Therefore, future research is 

needed regarding how parents feel about their children using public transit, especially if they 

are unaccompanied; at what age it is acceptable for a child to use public transit alone; and 
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what environmental factors can influence or be changed to promote safe use of public transit 

by children.

This study was strengthened by the large, diverse sample included. The design of the CHTS 

enabled us to include trips of all types, rather than restricting to trips for a specific purpose 

such as getting to school. We are limited to some degree by an inability to account for 

environmental effects beyond a basic measure of housing density. The built environment 

presumably plays a significant role in the decision to use transit and how to get to transit 

among children, and future research in this area should account for this influence. We are 

also limited by an inability to incorporate a meaningful metric of transit accessibility, such 

as distance to the nearest transit stop that travels to one of the child’s usual destinations. 

Future research should determine the best way to calculate this metric for children and 

account for its influence in transit use/transit-related activity models.

To conclude, transit use and transit-related physical activity have previously been 

underexamined as modes of travel and sources of activity, respectively, among children. 

There is a great deal still to be learned about this topic, but researchers should begin to 

account for this specific form of travel and activity in future measurement and intervention 

work.
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Figure 1. 
Interaction between race and age for model with transit use as outcome.
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