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AbstrAct
background With an ever increasing population of older 
adults (65+ years) in the USA, a better understanding 
of this population’s travel patterns is needed to improve 
travel mobility and transportation safety.
Objective In this study, we described the travel patterns 
of older adults in the USA during 2015.
Methods Travel patterns of older adults (65–74 and 75+ 
years) were compared with younger adults (25–64 years) 
by frequency and proportion of daily trips. The daily trips 
of various age groups were estimated using the 2015 
American Time Use Survey.
results The percentage of daily travellers was 88% 
for adults (25–64 years), 75% for adults (65–74 years) 
and 68% for adults (75+ years). While the percentage 
of privately owned vehicle (POV) drivers and average 
time of driving POVs decreased, the percentage of POV 
passengers increased as adults aged. Females were less 
likely to drive POVs and had decreased average daily 
driving time, but they were more likely to ride in POVs 
as passengers and had longer average daily riding times 
than their male counterparts across all age groups. Older 
adults were more likely to travel in the mornings and early 
afternoons (from 8:00 to 15:59) while younger adults 
were more likely to travel in the late afternoons and early 
evenings (from 16:00 to 19:59).
conclusions POV use is the predominant mode of transit 
in the USA. As adults age, the percentages of daily travellers 
and POV drivers decrease. This pattern is more apparent 
among females than males. This study delineated travel 
patterns of older adults using a 2015 national survey, 
and the findings facilitate traffic systems designers and 
policy-makers to develop and implement initiatives to 
accommodate older adults’ mobility needs and improve 
traffic safety.

bAckgrOund
Older adults (65 years or over) are more likely 
to be severely injured in motor vehicle colli-
sions compared with younger adults.1–3 Older 
adults also have one of the highest crash rates 
per unit of exposure (eg, vehicle miles of 
travel).4 5 Additionally, both the absolute and 
proportional growth of the older population 
have increased continuously from 2010 to 

2014.6 The population of older adults in the 
USA is expected to exceed 86 million by 2050.7 
Thus, the vulnerability of older adults in traffic 
crashes and their increased population have 
posed significant concerns regarding their 
transportation safety and mobility. To improve 
transportation safety and mobility for older 
adults, comparisons of travel patterns with 
younger counterparts may reveal important 
insights. Several studies have investigated the 
travel patterns of older Americans using the 
National Household Transportation Survey 
(NHTS).8–13 They have found that mobility 
patterns are characterised by a major reliance 
on privately owned vehicles (POVs) across 
gender and age groups with lower proportions 
of cyclists and pedestrians. A detailed summary 
of travel trends was produced by Santos et al9 
using the 2009 NHTS which identified older 
adults (65+ years) as spending the least amount 
of time in a vehicle, either as a driver or as a 
passenger. Additionally, older drivers have the 
least average annual miles per licensed driver 
compared with other adult drivers.9 However, 
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Research

strengths and limitations of this study

 ► This study used the most recent 2015 American 
Time Use Survey (ATUS) dataset to identify travel 
patterns of older adults.

 ► Older adults’ travel patterns were evaluated using 
multiple measures including the percentage of each 
mode of transit for daily trips (eg, privately owned 
vehicles (POVs) and bus) and the average times of 
driving POVs and riding in POVs as passengers.

 ► Some information of older adults’ daily trips is not 
available in the ATUS, such as the distance travelled 
per trip, limiting the ability of this study to evaluate 
the distance per trip for older adults.

 ► As adults age, their tendency to drive POVs 
decreases and to ride as a passenger increases. The 
limited use of buses may require more complete 
studies and designs of public transit systems to 
meet the older adults’ mobility needs.
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those studies used the NHTS data up to 2009 (the most 
recent NHTS data were in 2009). Compared with previous 
generations, the current generation of older adults main-
tains driver licenses longer, postpones retirement and is 
more mobile.14–17 Therefore, identifying older adults travel 
patterns using more recent US nationwide data is important 
due to potential shifts in travel behaviours. To our knowl-
edge, no study has evaluated older adults’ travel patterns 
in the USA on national scale, using data more recent than 
2009.

This study aimed to identify travel patterns of the older 
adult population using the most recent 2015 American 
Time Use Survey (ATUS) dataset, which has not been 
widely used to estimate travel exposures. Specifically, this 
study described the mobility patterns of the older adult 
population compared with the younger adult population 
via frequencies and proportions of daily trips. Compared 
with the NHTS, the ATUS data provided the duration 
of each respondent’s trips, a potentially new measure to 
older adults’ travel patterns. While using these different 
measures of travel exposure, this study’s findings high-
lighted some similarities to previous studies (eg, Santos 
et al9 using the 2009 NHTS) and identified new mobility 
patterns of older adults. Understanding these mobility 
patterns will add to the existing knowledge of older adult 
travel behaviours and may be useful in policy-making, 
transportation planning and road design to accommo-
date the ageing US population.

MethOds
Data source
The 2015 ATUS, an annual and nationally representa-
tive survey by the US Census Bureau, was the primary 
data source for this cross-sectional analysis. The ATUS 
can be accessed on the website of the Bureau of Labor 
Statistics at the US Department of Labor,18 and this study 
was approved by the Research Institute of Nationwide 
Children’s Hospital’s Institutional Review Board. One 
function of the ATUS is to discern how US residents 15 
years or older spend time on daily activities. The respon-
dents of the 2015 ATUS were assigned a weight based 
on their selection probability, the day of the week they 
responded (ie, weekday or weekend) and their response 
rates. All ATUS survey data were collected through 
computer-assisted phone interviews. The ATUS method-
ology has been described in detail elsewhere.18

One section of the ATUS was a time-use diary (the 
template of the time-use diary questionnaire is located in 
online supplementary appendix 1),19 which was used to 
record respondents’ daily activities, starting at 04:00 am on 
the previous day and ending at 03:59 am  on the interview 
day. For each activity, the respondents were asked to provide 
information regarding the duration of the activity, who 
accompanied the respondent, whether the activity was travel 
related and where the activity took place. For our study, if 
the place of an activity was coded as ‘blank’, ‘do not know’ 
and ‘refused to answer’, the whole record of that activity was 

removed from the analysis. Trips were the activities coded 
as travel related and defined as a movement from one point 
to another using any given mode of transportation. For 
example, if an individual stated that they left their house 
and drove to the grocery store, this was counted as one trip. 
Later, after the individual finished grocery shopping, the 
return trip was counted as another trip. For multimodal 
trips with one destination, each trip was coded separately 
in the ATUS dataset. For example, if an individual walked 
to bus station and took the bus to his/her destination, this 
sequence of travel-related activities was coded as two trips: 
one by walking and one by bus. Modes of transportation 
initially included POVs (as both a driver and passenger); 
walking; biking; riding in a bus, train, boat, taxi or plane; or 
other modes. Other modes of transportation in the survey 
referred to unspecified modes of transportation. POVs 
referred to cars, trucks or motorcycles. Finally, the dataset 
included each respondent’s demographic information (eg, 
age and gender) and their activity records during the dairy 
day. Each respondent had one or multiple activities in their 
dairy date. Each activity had information regarding the 
starting time, ending time, duration, whether the activity 
was travel related (ie, trips) and where the activity took 
place (which referred to the mode of transportation if the 
activity was travel related). Additionally, each respondent 
was associated with an individual final weight and 160 repli-
cate weights which were used to compute estimates and 
their standard errors, respectively.

statistical analysis
Older adults’ travel patterns and behaviours were 
compared with those 25–64 years, who were the majority 
of road users and often considered as the reference 
group.20–22 Ages were categorised into the following 
groups: 25–64 years, 65–74 years and 75+ years. Travel 
patterns were evaluated after stratification by age and 
gender using percentage of each mode of transit for daily 
trips, the percentage of users of each transit mode, the 
average times of driving POVs and riding in POVs (which 
refers to taking POVs as passengers in this and following 
sections) and the percentages of driving POVs in 
different time periods during a day. The travel behaviours 
of weekdays and weekends were also compared. Due to 
the multistage survey design of the ATUS, the balanced 
repeated replication method was used to estimate the 
variance and the 95% CI. The detailed information 
of balanced repeated replication variance has been 
described elsewhere.23 24 Additionally, weighted logistic 
regressions for complex surveys were used to estimate 
whether an individual drove POVs or rode in POVs in 
on their diary day based on his/her age, gender and 
residency (ie, urban or rural area). All the analyses were 
conducted in SAS Enterprise Guide 9.4.

results
The 2015 ATUS study sample included 5634 females and 
4297 males (25 years or older). The sample age group 
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Table 1 Distribution of daily trips by mode of transit using the 2015 American Time Use Survey, US population

Transit mode

Age: 25–64 years Age: 65–74 years Age: 75+ years

% 95% CI % 95% CI % 95% CI

POVs (drivers) 77.6 76.5 to 78.8 72.9 69.3 to 76.5 68.9 64.8 to 73.1

POVs (passengers) 12.4 11.6 to 13.3 18.6 16.1 to 21.2 24.5 20.8 to 28.2

Walk 7.0 6.4 to 7.7 5.8 3.9 to 7.8 5.2 3.7 to 6.8

Bus 0.9 0.7 to 1.2 1.1 0.6 to 1.6 0.4 0.0 to 0.9

Bicycle 0.4 0.2 to 0.6 0.1 0.0 to 0.3 0.2 0.0 to 0.4

Train 1.0 0.7 to 1.3 1.1 0.0 to 2.3 0.0 0.0 to 1.2

Boat 0.0 0.0 to 0.0 0.1 0.0 to 0.2 0.2 0.0 to 0.5

Taxi 0.3 0.2 to 0.4 0.1 0.0 to 0.2 0.2 0.0 to 0.5

Plane 0.0 0.0 to 0.1 0.1 0.0 to 0.2 0.1 0.0 to 0.3

Others* 0.1 0.0 to 0.2 0.1 0.0 to 0.3 0.1 0.0 to 0.4

Total 100.0 100.0 100.0

*Unspecified mode of transportation.
POV, privately owned vehicle.

Table 2 Daily travel of US population (2015): per cent of all travellers and per cent travellers per mode of transit by age and 
gender

All travellers POV drivers POV passengers Walkers

% 95% CI % 95% CI % 95% CI % 95% CI

Ages 25–64 years

   Female 87.3 86.0 to 88.7 70.1 68.3 to 71. 9 22.2 20.7 to 23.7 11.2 9.9 to 12.5

   Male 88.0 86.5 to 89.6 77.4 75.5 to 79.3 10.9 9.6 to 12.2 9.6 8.5 to 10.7

   Both 87.7 86.7 to 88.7 73.7 72.4 to 74.9 16.7 15.7 to 17.7 10.4 9.6 to 11.2

Ages 65–74 years

   Female 73.5 70.6 to 76.5 53.4 49.8 to 57.0 27.9 24.4 to 31.4 5.7 4.0 to 7.3

   Male 76.5 72.6 to 80.4 67.0 62.3 to 71.7 10.3 6.8 to 13.9 8.5 5.4 to 11.5

   Both 74.9 72.6 to 77.2 59.7 57.0 to 62.4 19.8 17.3 to 22.2 7.0 5.3 to 8.6

Ages 75+ years

   Female 63.8 58.9 to 68.8 37.9 32.8 to 43.1 28.9 23.9 to 33.8 5.1 2.8 to 7.4

   Male 73.1 67.5 to 78.7 58.4 52.1 to 64.7 16.8 11.2 to 22.4 6.0 2.9 to 9.0

   Both 67.7 63.9 to 71.4 46.5 42.4 to 50.5 23.9 20.2 to 27.5 5.5 3.6 to 7.3

As one adult might use multiple modes of transportation per day, the summation of the percentages of POV drivers, POV passengers and 
walkers per row was not necessary to be equal to 100.0%.
POV, privately owned vehicle.

distribution was as follows: 7519 (25–64 years), 1484 
(65–74 years) and 928 (75+ years). Normalised to the 
US population, survey results showed that adults 25–64 
years took 23.95 billion daily trips, adults aged 65–74 
years took 3.22 billion daily trips and those 75+ years took 
1.81 billion daily trips. Among those trips, the percentage 
of daily driving trips in POVs decreased as adults aged, 
while the percentage of daily riding trips in POVs 
increased with age (table 1). Specifically, the percentages 
of daily driving trips in POVs for adults 25–64, 65–74 and 
75+ years were 77.6%, 72.9% and 68.9%, respectively. 
The percentages of daily riding trips in POVs were 12.4% 
for ages 25–64, 18.6% for ages 65–74 and 24.5% for ages 
75+ years, respectively. The percentages of daily walking 

trips among all trips across the three age groups ranged 
from 5.2% to 7.0%. The percentages for all other modes 
of daily transportation including bus, bicycle, train, boat, 
taxi, plane and other were <1% to negligible.

Daily US travellers per transportation mode were 
produced by age and gender (table 2). For adults 
aged 25–64 years, 87.7% (95% CI: 86.7% to 88.7%) of 
them travelled in their dairy day, while this percentage 
decreased to 74.9% (95% CI: 72.6% to 77.2%) as adults 
aged to 65–74 years and finally to 67.7% (95% CI: 63.9% 
to 71.4%) for adults 75+ years. While the percentages of 
all travellers by male (88.0%) and female (87.3%) were 
similar for adults 25–64 years, the divide began to widen 
for adults 65–74 years (73.5% for females; 76.5% for 
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Table 3 The odds of daily travel as drivers or passengers 
according to age, gender and rural residence, US population 
(2015)

POV drivers POV passengers

OR 95% CI OR 95% CI

Ages

   65–74 0.53 0.47 to 0.60 1.21 1.01 to 1.44

   75+ 0.32 0.27 to 0.38 1.49 1.18 to 1.87

Male 1.58 1.40 to 1.78 0.42 0.36 to 0.48

Rural 1.02 0.87 to 1.20 1.06 0.88 to 1.27

The ORs were calculated using weighted logistic regression 
models for complex surveys; the adults 25–64 years were used as 
a reference group for the three age groups.
POV, privately owned vehicle.

Table 4 Distribution of daily driving and riding times in POVs by gender and age group, US population, 2015

POV drivers POV passengers

Mean (min) 95% CI Mean (min) 95%

Ages 25–64 years

   Female 50.1 47.8 to 52.3 15.1 13.6 to 16.6

   Male 61.6 58.7 to 64.4 7.4 5.7 to 9.0

   Both 55.7 53.9 to 57.5 11.3 10.2 to 12.5

Ages 65–74 years

   Female 32.6 28.8 to 36.4 18.0 14.4 to 21.6

   Male 45.5 40.5 to 50.6 5.7 3.6 to 7.9

   Both 38.6 35.4 to 41.8 12.3 10.2 to 14.5

Ages 75+ years

   Female 18.9 15.5 to 22.3 14.5 12.0 to 17.0

   Male 41.7 40.5 to 50.6 8.0 5.2 to 10.8

   Both 28.4 24.3 to 32.6 11.8 10.0 to 13.6

POV, privately owned vehicle.

males). This divide continued to widen with age to where 
males 75+ years accounted for 73.1% versus 63.8% for 
females. The percentage of daily POV drivers decreased 
as adults aged. The percentage of males driving POVs 
was higher than for females per each age group. By 75+ 
years, the percentage of adults driving POVs was 58.4% 
(95% CI: 52.1% to 64.7%) for males, which was one and 
one-half times more their female counterparts (37.9% 
(95% CI: 32.8% to 43.1%)) (table 2). With the decrease 
in the percentage of daily driving among older adults, 
the percentage of older POV passengers increased. The 
percentage of POV passengers for all adults between 
25 and 64 years was 16.7%, increasing to 19.8%, and 
23.9% for adults 65–74 years and 75+ years, respectively. 
Males were more likely to drive POVs and they presented a 
lower percentage of POV passengers than females per age 
group. Additionally, older adults (65–74 and 75+ years) 
had lower percentages of walkers compared with those 
25–64 years (7.0% (95% CI: 5.3% to 8.6%) and 5.5% 
(95% CI: 3.6% to 7.3%) compared with 10.4% (95% CI: 

9.6% to 11.2%), respectively) (table 2). Weighted logistic 
regression models were used to estimate the associations 
of the age (25–64, 65–74 or 75+ years), gender (male 
or female) and residency (urban or rural area) with the 
odds of daily driving and riding in POVs (table 3). The 
results showed that compared with adults 25–64 years, 
adults 65–74 (OR: 0.53 (95% CI: 0.47 to 0.60)) and 75+ 
(OR: 0.32 (95% CI: 0.27 to 0.38)) years had lower odds 
of daily driving POVs. However, adults 65–74 (OR: 1.21 
(95% CI: 1.01 to 1.44)) and 75+ (OR: 1.49 (95% CI: 1.18 
to 1.87)) years had higher odds of riding in POVs than 
those 25–64 years. Males had higher odds of driving POVs 
than females (OR: 1.58 (95% CI: 1.40 to 1.78)) but lower 
odds of riding in POVs than their female counterparts 
(OR: 0.42 (95% CI: 0.36 to 0.48)).

Differences in the average daily driving and riding time 
in POVs were analysed by gender and age group and 
shown in table 4. The average daily driving time in POVs 
decreased as adults aged (55.7 min, 38.6 min and 28.4 min 
for adults in groups 25–64, 65–74 and 75+ years, respec-
tively). Additionally, female adults drove less but rode 
longer times in POVs than their male counterparts per 
age group. However, differences between age groups in 
average riding times in POVs were negligible (table 4).

To understand the travel patterns among different age 
groups for weekdays (from Monday to Friday) versus week-
ends (Saturday and Sunday), we analysed the number of 
travelling and driving trips and the percentages of POV 
drivers (table 5). Adults 25–64 years did slightly more 
travelling and driving trips during weekdays than week-
ends. Again, for adults 65–74 years, the average number 
of daily travelling trips on weekday was slightly greater 
than that on weekend. However, the average difference 
in the number of travelling and driving trips between 
weekday and weekend were not apparent for adults aged 
75+ years. Additionally, the percentages of travellers and 
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Table 5 The number of travelling and driving trips and percentage of travellers and POV drivers by age and weekday

All travelling trips Driving trips Travellers POV drivers

Mean 95% CI Mean 95% CI % 95% CI % 95% CI

Ages 25–64 years

   Weekday 4.0 3.9 to 4.1 3.0 2.9 to 3.1 88.4 87.2 to 89.5 74.6 73.1 to 76.1

   Weekend 3.4 3.3 to 3.6 2.5 2.4 to 2.6 85.9 84.2 to 87.6 71.4 69.3 to 73.4

Ages 65–74 years

   Weekday 3.4 3.1 to 3.6 2.3 2.2 to 2.5 76.5 73.5 to 79.4 60.4 57.1 to 63.8

   Weekend 2.7 2.5 to 3.0 2.0 1.8 to 2.3 71.1 65.8 to 76.3 57.8 52.4 to 63.1

Ages 75+ years

   Weekday 2.6 2.4 to 2.9 1.8 1.6 to 2.0 67.4 63.0 to 71.7 46.6 41.6 to 51.6

   Weekend 2.4 2.1 to 2.7 1.6 1.3 to 1.8 68.5 61.6 to 75.4 46.1 39.7 to 52.5

POV, privately owned vehicle.

Figure 1 Distribution of daily trips according to time of day by age group for the US population in 2015.

POV drivers were also not apparently different between 
weekday and weekend across all age groups, due to 
overlapping CIs. The percentage of daily trips per time 
intervals throughout the day was analysed for each age 
group (figure 1). Adults 65–74 and 75+ years took more 
trips in the mornings and early afternoons (between 
08:00 and 11:59 and between 12:00 and 15:59) than 
other time periods, while adults 25–64 years took more 
trips in the late afternoons and early evenings (between 
16:00 and 19:59) (figure 1).

discussiOn
Since Ford’s Model T, Americans have a long-standing 
penchant for POVs.25 How does age affect the driving 

habits, daily trips and modes of travel in our ageing 
society? Many studies have investigated the travel patterns 
of older Americans using the 2001 or 2009 NHTS.8–13 
Our study used more recent data than previous studies 
to identify travel patterns of older adults in the current 
generation. Additionally, the 2015 ATUS data enable us 
to identify new travel patterns of older adults by providing 
new measures, such as the time of driving and riding in 
POVs. Our results showed that more than 90% trips taken 
by Americans, regardless of age and gender, were using 
POVs, suggesting that most adults still rely heavily on 
POVs for mobility as the primary mode of transportation 
in the USA. Reporting from the 2009 NHTS, Santos et al9 
calculated that 83.4% of trips were completed in POVs in 
2009. Older adults (65–74 and 75+ years) were less likely 
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to engage in daily travels and this population was also less 
likely to be POV drivers and spent less time driving POVs 
than younger adults (25–64 years). A similar decline in 
driving POVs as adults aged was also identified by Collia 
et al8 and Boschmann and Brady26 using the 2001 NHTS 
survey and the 2009 Front Range Travel Counts house-
hold survey, respectively. Collia et al8 found that although 
the population of older adults represented 12.6% of US 
population, their daily trips accounted for only 10% of all 
trips completed by Americans. Additionally, Boschmann 
and Brady26 found that the average number of trips 
daily decreased as adults aged. Our study produced the 
percentage of adults riding in POVs for daily trips, the 
percentage of POV passengers and the average time 
of riding in POVs, but they did not decrease as adults 
aged. Furthermore, the percentage of riding in POVs 
for daily trips and the percentage of POV passengers 
slightly increased as adults aged, indicating that older 
adults might regard riding in POVs as a possible compen-
sation for reduced driving POVs. Additionally, a lower 
percentage of older adults walked than younger adults, 
possibly due to retirement, the reduced use of walking 
for commute to work or compromised physical abilities.

Our study identified gender as a factor that influenced 
adults’ mobility and daily travel modes. Females, in partic-
ular, older females (65–74 years and 75+ years), were less 
likely to drive and had a shorter driving time but were 
more frequent POV passengers and rider as a passenger 
for longer times. Our results are consistent with previous 
research.27 28

Bus transportation accounted for less than 2% of 
older adults’ daily trips, suggesting that improvements in 
public transit may be needed to better meet their mobility 
needs. As adults aged and their need for riding in POVs 
for mobility increases, improvements of this population’s 
accessibility to POVs as a passenger are necessary. Friends 
and family may be the primary resource, but services 
provided by transportation network companies (eg, Uber, 
taxis, etc) may also be able to assist older adults’ mobility. 
Future studies should evaluate older adults’ attitudes or 
acceptance to services provided by transportation network 
companies, as older adults may be reluctant to accept 
services supported by new technologies.29–31 Another 
possible and promising solution is the implementation 
of fully autonomous vehicles. Fully autonomous vehicles 
are capable of sensing surroundings and complete almost 
all aspects of the driving task.32 Thus, fully autonomous 
vehicles could potentially improve older adults’ mobility 
and travel safety. However, at the current technology 
stage, only semiautonomous vehicles are available to the 
public. Many studies have also suggested that semiauton-
omous vehicles may induce negative impacts on drivers, 
such as distraction, fatigue and poor responses to a take-
over request.33–35 Future research is needed in this area to 
examine older adults’ acceptance and interactions with 
autonomous vehicles as they are deployed.36–38

Older adults are more likely than younger adults 
to drive POVs during the day (from 8:00 to 11:59 and 

from noon to 15:59) but less likely to drive POVs in the 
evening and night. Older drivers may develop self-reg-
ulating driving behaviours, such as avoiding driving in 
the dark, to compensate for their diminished abilities to 
operate vehicles and observe traffic hazards.39 40 As adults 
aged, the travel patterns begin diminishing according to 
weekday or weekend. For adults (75+ years), there was no 
apparent difference of travel patterns between a weekday 
and a day of weekend with respect to the percentage of 
travellers and POV drivers. This may be due to more flex-
ibility in postretirement time.

limitations
First, since distance travelled per trip was not avail-
able in the ATUS, comparing the travel patterns of the 
different age groups with respect to the trip distance 
was not possible. Second, our study investigated 1 year’s 
data in the ATUS (the 2015 ATUS data). Future studies 
are needed to use multiple years of data to evaluate the 
change of older adults’ travel pattern in recent decades. 
Last, as the ATUS data are nationally representative, they 
do not reflect differences among individual states.

cOnclusiOns
Overall, driving and riding in POVs were the most 
popular transit choice among Americans, regardless of 
age and gender groups. As adults age, their likelihoods 
and average time of driving POVs decrease but the like-
lihoods of riding in POVs increase. The decrease in the 
percentage of POV drivers is more apparent among older 
females than males. A more complete study of public 
transit systems should be implemented to determine if 
the limited use of city buses across age groups is supple-
mented with other public or commercial transportation 
options such as ride share. A better understanding of older 
adults’ travel patterns will equip transportation system 
designers, traffic safety engineers and policy-makers to 
develop strategies to determine transportation needs, 
provide transit options and improve transportation safety 
for older adults and the general public.

Acknowledgements The authors also acknowledge Jordan Perkins, Li Li, Melody 
Davis and the four reviewers for their valuable comments on the manuscript. The 
authors also thank the US Census Bureau for providing the ATUS to the public.

contributors SS and WK had equal contributions to this paper. SS led the writing 
and participated in the data analysis. WK conducted the data analysis and assisted 
in the manuscript writing. JF and TMR critically reviewed and substantially revised 
the manuscript. MZ mentored for the study design, data analysis and manuscript 
writing. MZ had full access to all of the data (including statistical reports and tables) 
in the study and can take full responsibility for the overall content.

Funding SS, WK and MZ received support from the US National Institute on 
Aging (grant R01AG050581). MZ additionally received support from the National 
Institute of Child Health and Human Development (grants R01HD074594 and 
R21HD085122).

competing interests None declared.

Patient consent None.

Provenance and peer review Not commissioned; externally peer reviewed.

data sharing statement All the data used in this manuscript can be accessed on 
the website of the Bureau of Labor Statistics at the US Department of Labor.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-015780 on 11 A

ugust 2017. D
ow

nloaded from
 

http://bmjopen.bmj.com/


 7Shen S, et al. BMJ Open 2017;7:e015780. doi:10.1136/bmjopen-2016-015780

Open Access

Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

reFerences
 1. Lyman S, Ferguson SA, Braver ER, et al. Older driver involvements in 

police reported crashes and fatal crashes: trends and projections. Inj 
Prev 2002;8:116–20.

 2. Binder S. Injuries among older adults: the challenge of optimizing 
safety and minimizing unintended consequences. Inj Prev 
2002;8(suppl 4):IV2–4.

 3. Braver ER, Trempel RE. Are older drivers actually at higher 
risk of involvement in collisions resulting in deaths or non-fatal 
injuries among their passengers and other road users? Inj Prev 
2004;10:27–32.

 4. Retchin SM, Anapolle J. An overview of the older driver. Clin Geriatr 
Med 1993;9:279–96.

 5. Massie DL, Campbell KL, Williams AF. Traffic accident involvement 
rates by driver age and gender. Accid Anal Prev 1995;27:73–87.

 6.  U.S. Bureau of Census. ACS Demographic and Housing Estimates: 
2010–2014 American Community Survey 5-Year Estimates. 
Maryland, USA: U.S. Bureau of Census, 2016. http:// factfinder. 
census. gov/ faces/ tableservices/ jsf/ pages/ productview. xhtml? pid= 
ACS_ 14_ 5YR_ DP05& src= pt

 7. Ortman JM, Velkoff VA, Hogan H. An Aging Nation: The Older 
Population in the United States. Maryland, USA: United States 
Census Bureau, 2014.

 8. Collia DV, Sharp J, Giesbrecht L. The 2001 National Household Travel 
Survey: a look into the travel patterns of older Americans. J Safety 
Res 2003;34:461–70.

 9. Santos A, McGuckin N, Nakamoto H, et al. Summary of Travel 
Trends: 2009 National Household Travel Survey. Washington DC: 
U.S Department of Transportation: Federal Highway Administration, 
2011.

 10. Samus JN. An analysis of the travel patterns and preferences of the 
elderly (Dissertation). Tampa, Florida: University of South Florida, 
2010.

 11. Samus J. Preparing for the next generation of senior population: an 
analysis of changes in senior population travel behavior over the 
last two decades (Dissertation).Tampa, Florida: University of South 
Florida, 2013.

 12. Lynott J, Figueiredo C. AARP Public Policy Institute. How the travel 
patterns of older adults are changing: highlights from the 2009 
National Household Travel Survey. 2011 http:// assets. aarp. org/ 
rgcenter/ ppi/ liv- com/ fs218- transportation. pdf.

 13. Mattson JW. Travel Behavior and Mobility of Transportation-
Disadvantaged Populations: Evidence From the National Household 
Travel Survey. North Dakota, ND: Upper Great Plains Transportation 
Institute Fargo, 2012.

 14. Gustman AL, Steinmeier TL, Tabatabai N. How did the recession of 
2007–2009 affect the wealth and retirement of the near retirement 
age population in the Health and Retirement Study? Soc Secur Bull 
2012;72:20.

 15. Rix S, Baer D, Figueredo C, et al. Reinhard S, ed. Boomers and the 
great recession: Struggling to recover. Washington DC: AARP Public 
Policy Institute, 2012.

 16. Rosenbloom S, Santos R. Understanding Older Drivers: An 
Examination of Medical Conditions, Medication Use, and Travel 
Behavior: Transportation Research Board,2014.

 17. Federal Highway Administration. Older Drivers at Peak Levels, New 
Data Show. Washington DC: The U.S Department of Transportation's 

Federal Highway Administration, 2015. http://www. fhwa. dot. gov/ 
pressroom/ fhwa1519. cfm

 18. U.S. Census Bureau. American Time Use Survey user's Guide. 2016. 
https://www. bls. gov/ tus/ atususersguide. pdf

 19. U.S. Census Bureau. American Time Use Survey Questionnaire. 
2016. https://www. bls. gov/ tus/ tuquestionnaire. pdf

 20. Shen S, Neyens DM. The effects of age, gender, and crash types 
on drivers' injury-related health care costs. Accid Anal Prev 
2015;77:82–90.

 21. Braver ER. Race, Hispanic origin, and socioeconomic status in 
relation to motor vehicle occupant death rates and risk factors 
among adults. Accid Anal Prev 2003;35:295–309.

 22. Hosking J, Ameratunga S, Exeter D, et al. Ethnic, socioeconomic and 
geographical inequalities in road traffic injury rates in the Auckland 
region. Aust N Z J Public Health 2013;37:162–7.

 23. Wolter KM. Introduction to variance estimation. New York: Springer-
Verlag, 1985.

 24. Lohr S. Sampling: design and analysis. Toronto, Ontario: Nelson 
Education, 2009.

 25. Wagner MF. The rise of autotourism in danish leisure, 1910–1970. J 
Tourism History 2013;5:265–86.

 26. Boschmann EE, Brady SA. Travel behaviors, sustainable mobility, 
and transit-oriented developments: a travel counts analysis of older 
adults in the Denver, Colorado metropolitan area. J Transp Geogr 
2013;33:1–11.

 27. Chipman ML, MacGregor CG, Smiley AM, et al. The role of exposure 
in comparisons of crash risk among different drivers and driving 
environments. Accid Anal Prev 1993;25:207–11.

 28. Chipman ML, MacGregor CG, Smiley AM, et al. Time vs. distance 
as measures of exposure in driving surveys. Accid Anal Prev 
1992;24:679–84.

 29. Ryu M-H, Kim S, Lee E. Understanding the factors affecting online 
elderly user’s participation in video UCC services. Comput Human 
Behav 2009;25:619–32.

 30. Steele R, Lo A, Secombe C, et al. Elderly persons' perception and 
acceptance of using wireless sensor networks to assist healthcare. 
Int J Med Inform 2009;78:788–801.

 31. Mitzner TL, Boron JB, Fausset CB, et al. Older adults talk 
technology: technology usage and attitudes. Comput Human Behav 
2010;26:1710–21.

 32. Lozano-Perez T, Cox IJ, Wilfong GT. Autonomous robot vehicles. 
Berlin, Germany: Springer Science & Business Media, 2012.

 33. Desmond P, Hancock P, Monette J. Fatigue and automation-induced 
impairments in simulated driving performance. Transp Res Rec 
1998;1628:8–14.

 34. Shen S, Neyens DM. Assessing drivers’ performance when 
automated driver support systems fail with different levels 
of automation. Proc Hum Factors Ergon Soc Annu Meet 
2014;58:2068–72.

 35. Llaneras RE, Salinger J, Green CA. Human factors issues associated 
with limited ability autonomous driving systems: drivers’ allocation 
of visual attention to the forward roadway. Proceedings of the 
7th International Driving Symposium on Human Factors in Driver 
Assessment, Training and Vehicle Design. Iowa City: Public Policy 
Center, University of Iowa, 2013

 36. Reimer B. Driver assistance systems and the transition to automated 
vehicles: a path to increase older adult safety and mobility? Public 
Policy & Aging Rep 2014;24:27–31.

 37. Clark H, Feng J. Age differences in the takeover of vehicle control 
and engagement in non-driving-related activities in simulated driving 
with conditional automation. Accid Anal Prev 2016.

 38. Shen S, Neyens DM. Assessing drivers' response during automated 
driver support system failures with non-driving tasks. J Safety Res 
2017;61:149–55.

 39. Blanchard RA, Myers AM. Examination of driving comfort and self-
regulatory practices in older adults using in-vehicle devices to assess 
natural driving patterns. Accid Anal Prev 2010;42:1213–9.

 40. Charlton JL, Oxley J, Fildes B, et al. Characteristics of older drivers 
who adopt self-regulatory driving behaviours. Transp Res Part F 
Traffic Psychol Behav 2006;9:363–73.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-015780 on 11 A

ugust 2017. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1136/ip.8.2.116
http://dx.doi.org/10.1136/ip.8.2.116
http://dx.doi.org/10.1136/ip.8.suppl_4.iv2
http://dx.doi.org/10.1136/ip.2003.002923
http://dx.doi.org/10.1016/0001-4575(94)00050-V
http://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_14_5YR_DP05&src=pt
http://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_14_5YR_DP05&src=pt
http://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_14_5YR_DP05&src=pt
http://dx.doi.org/10.1016/j.jsr.2003.10.001
http://dx.doi.org/10.1016/j.jsr.2003.10.001
http://assets.aarp.org/rgcenter/ppi/liv-com/fs218-transportation.pdf
http://assets.aarp.org/rgcenter/ppi/liv-com/fs218-transportation.pdf
http://www.fhwa.dot.gov/pressroom/fhwa1519.cfm
http://www.fhwa.dot.gov/pressroom/fhwa1519.cfm
https://www.bls.gov/tus/atususersguide.pdf
https://www.bls.gov/tus/tuquestionnaire.pdf
http://dx.doi.org/10.1016/j.aap.2015.01.014
http://dx.doi.org/10.1016/S0001-4575(01)00106-3
http://dx.doi.org/10.1111/1753-6405.12034
http://dx.doi.org/10.1080/1755182X.2014.943809
http://dx.doi.org/10.1080/1755182X.2014.943809
http://dx.doi.org/10.1016/j.jtrangeo.2013.09.001
http://dx.doi.org/10.1016/0001-4575(93)90061-Z
http://dx.doi.org/10.1016/0001-4575(92)90021-A
http://dx.doi.org/10.1016/j.chb.2008.08.013
http://dx.doi.org/10.1016/j.chb.2008.08.013
http://dx.doi.org/10.1016/j.ijmedinf.2009.08.001
http://dx.doi.org/10.1016/j.chb.2010.06.020
http://dx.doi.org/10.3141/1628-02
http://dx.doi.org/10.1177/1541931214581435
http://dx.doi.org/10.1093/ppar/prt006
http://dx.doi.org/10.1093/ppar/prt006
http://dx.doi.org/10.1016/j.aap.2016.08.027
http://dx.doi.org/10.1016/j.jsr.2017.02.009
http://dx.doi.org/10.1016/j.aap.2010.01.013
http://dx.doi.org/10.1016/j.trf.2006.06.006
http://dx.doi.org/10.1016/j.trf.2006.06.006
http://bmjopen.bmj.com/

