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ABSTRACT

Background: Active travel (AT); walking and biking for transportation; has many health, environmental and economic benefits, yet rates of par-
ticipation remain low in the US. During college years AT participation is typically higher than in older adulthood, but it is unknown how this
behavior tracks into later life stages. Therefore this study examined AT participation before and after graduation from college. Methods: A volunteer
sample of college students participated in an online baseline survey with follow-ups at regular intervals, up to, and including, post-graduation. The
survey assessed participant demographics, AT participation (dichotomized as high/low AT), physical activity (PA) participation, and post-gra-
duation work details (hours worked, sit time at work, distance to work), and health outcomes (body mass index, stress, depression,). Separate
logistic regression models predicted AT status according to pre/post-graduation factors and significant factors were examined simultaneously in a
multivariate logistic model. Results: Students (n = 204) were predominately female (n = 122, 60.7%) and Non-Hispanic White (n = 166, 83%). The
high post-graduation AT group reported 324.73 = 193.10 min of AT/week versus those in the low AT group (24.69 * 41.81; p < .001). Higher
post-graduation AT was associated with higher vigorous PA and AT in the last semester of college, higher moderate PA post-graduation, lesser
distance to work, and less sit time at work. The final multivariate model resulted in a Nagelkerke R? of 0.33 with pre-graduation vigorous and AT
minutes/week, post-graduate moderate PA, and distance to work as significant predictors of post-grad AT. Discussion: The current study examined
how AT behavior tracks across a major life transition, indicating the importance of supporting health-related behaviors during the college years.
College campuses may use these findings to support AT among students for positive long-term health outcomes well beyond the time spent in
college.

1. Introduction

Active travel (AT; walking and biking for transportation) is associated with a number of significant benefits, including health-
related (e.g. decreased disease prevalence, improved mental and physical health) (Frank et al., 2010; Garcia-Hermoso et al., 2018;
Giles-Corti et al., 2010; Hamer and Chida, 2008; Saunders et al., 2013; Shephard, 2008), environmental (e.g. decreased pollution and
congestion)(Lindsay et al., 2011; Rails to Trails Conservancy, 2008) and economic outcomes (e.g. decreased travel costs)(Flusche,
2009, 2012; Frank, 2004). Despite these known benefits, rates of AT remain relatively low, especially in the United States (Bassett
et al., 2008; League of American Bicyclists, 2018; Whitfield et al., 2015). Therein it is essential to investigate influences on AT
participation to inform policies, programs and strategies to promote AT.

It is well established that AT participation rates are highest among the youngest age groups (Bopp et al., 2012; Bopp et al., 2013;
Downward and Rasciute, 2015; Fan et al., 2015; Hino et al., 2014; Lachapelle, 2015; Laverty et al., 2013; Porter et al., 2018), similar
to trends in physical activity (PA) participation. In analyses of multiple national surveillance systems, Whitfield et al. (2016) noted
consistently from 2005 to 2012 that the percentage of young adults (aged 16-39) who reported walking and biking to work was
nearly twice the rate of those in older age groups. The youngest adults are often students at institutions of higher education, with
nearly 20 million college students in 2018 in the United States alone (National Center for Education Statistics, 2018). The travel
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habits of this population specifically are often not well understood.

Residential zoning laws near campuses and the availability of on-campus housing can impact travel habits for students, indicating that
AT in this life stage warrants specific study beyond the general adult population. There are several studies that have documented student-
specific influences on AT at individual (e.g. perceived behavioral control, perceived benefits, attitudes, fitness level, weight status) social
(e.g. social support), and environmental levels (e.g. proximity to campus, walkability/bikeability of neighborhood) (Bopp et al., 2014;
Bopp et al., 2015; Bopp et al., 2011; Chaney et al., 2013; Cole et al., 2008; Molina-Garcia et al., 2010; Peachey and Baller, 2015; Sisson
et al., 2008). This time during young adulthood is essential for establishing healthy habits and encourages more self-regulation with
expanded independence and autonomy typically experienced by college students. Leisure-time PA often declines with the transition to
college, and during the time in college, therefore AT could play a role in helping to maintain overall activity levels (Small et al., 2013).

Limited research has addressed changes in PA with the transition into and out of higher education. A systematic review by
Allender et al. (2008) examining life change events and participation in physical activity noted that few studies examined the
transition in or out of university specifically but noted that relocation and change in employment status were potentially related to
changes in behavior. Deforche et al. (2015) have noted a decline in sport participation with the transition into college and other
research has noted that participation in and positive attitudes toward sport and PA during college years was related to post-gra-
duation participation in PA (Forrester et al., 2006, 2007; Simon and Docherty, 2017; Sparling and Snow, 2002). Predictors of
transport-related PA are typically different than those for leisure-time PA, therein research must examine domains of PA separately,
especially for determining temporal trends. Despite these insights on overall PA, relatively little research has addressed AT habits
post-graduation, or from a longitudinal perspective. Therefore, the purpose of the current study was to examine pre- and post-
graduation AT participation, the relationship between the two, and what factors impact AT participation. We hypothesize that pre-
graduation AT will be significantly related to post-graduation AT participation.

2. Methods
2.1. Design

This was a longitudinal cohort study with a volunteer sample conducted from August 2014 through May 2018, examining out-
comes pre- and post-graduation. This study was approved by the institutional review board at BLINDED.

2.2. Participants and recruitment

Participants were a volunteer sample of undergraduate students who were enrolled in general education health and wellness
classes at a large northeastern university in the United States. General education health and wellness classes are required for all
undergraduate students, therein students enrolled in these classes are representative of the general undergraduate student body in
terms of sex, race/ethnicity and year of enrollment. Students enrolled in general education classes were emailed with an invitation to
participate in a survey about health and wellness at the start of the semester (August or January). Upon opening the invitation
students were presented with an informed consent statement and could begin the survey after accepting the statement. Participants
who completed the survey were eligible to enter a drawing for a prize. Students who responded to the baseline survey were emailed
again at the end of the semester (December or April) to complete a similar survey, and then again every six months up to a total of
eight total collection points (baseline, end of semester, up to six follow-up surveys) to be able to determine how outcomes may change
across time during enrollment as well as pos-graduation. Among those students who were eligible and received the survey
(n = 20,782), 18.6% (n = 3875) started the survey, 14.7% completed the survey (n = 3063) for a 79% completion rate at baseline.
Employed (full or part time) participants (n = 204) who responded to the follow-up surveys at two time-points: 1)immediately pre-
graduation and 2) reported graduating in the last six months were included in the current study.

2.3. Measures

Demographics: Participants self-reported their age, sex, race/ethnicity, height, and weight (from which body mass index was
calculated). Participants reported on their stress levels with a single item and two items for depressive symptoms from the National
College Health Association survey (American College Health Association, 2018). The end of the semester follow-up survey asked if
students were graduating that semester and subsequent surveys asked students if they had graduated. The last follow-up prior to
graduation and first follow-up immediately after graduation were used in analyses.

Active travel during time in college: Minutes/week of AT were measured via the active transportation module in the Global
Physical Activity Questionnaire (GPAQ; Armstrong and Bull, 2006).

Physical activity: Minutes of moderate and vigorous leisure-time PA was assessed pre and post-graduation with the GPAQ
(Armstrong and Bull, 2006), with participants reporting frequency and duration of activity.

Post-graduation: Participants were asked to report the number the minutes/week of AT were measured via the active trans-
portation module in the GPAQ. Those in the top quartile of AT trips were categorized as high active travelers. Employed participants
were asked to report the amount of sedentary time at the job with a modified question from the GPAQ asking about the number of
minutes per day spent sitting at their place of employment in a typical day. Participants were also asked to report on their current
weight for calculating post-graduation body mass index and reported on their stress levels and depressive symptoms with the same
items from pre-graduation.
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Table 1
Demographics of the sample (n = 204).
Variable Pre-graduation (n = 204) Post-graduation
Low AT (n = 152) High AT (n = 52) t or X2 for low vs. high
AT
Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%)
% male 78 (38.5) 61 (41.5) 18 (34.6) 0.76
% Non-Hispanic White 165 (71) 118 (80.8) 46 (88.5) 1.57
Body mass index (kg/m2) 23.52 (7.39) 23.97 (4.38) 24.53 (4.64) 0.76
Moderate Physical activity (min/ 177.77 102.14 197.21 4.31%**
week) (164.28) (118.78) (181.49)
Vigorous Physical activity (min/ 129.53 116.03 187.09 3.05**
week) (131.46) (117.46) (205.79)
AT minutes/week 273.43 24.69 (41.81) 324.73 18.04***
(203.32) (193.10)
Hours worked, post-graduation 35.92 (11.77) 32.16 (14.4) 1.57
Minutes/day sitting during typical 307.32 248.10 2.02*
workday (158.67) (160.62)

Note: * < .05, **, p < .01, ***p < .001.
2.4. Analyses

Basic frequencies and descriptives described the sample. Separate logistic regression models predicted the primary dependent
variable; post-graduation AT status (high vs. low AT) according to pre/post-graduation factors (e.g. activity level, work outcomes).
Significant pre/post-graduation factors were examined simultaneously in a multivariate logistic model. To address issues of colli-
nearity, the variable with the strongest relationship was the only one included in the full model for variables that were highly
correlated (e.g. moderate and vigorous PA). All analyses were conducted using SPSS 24.0 (IBM, Armonk, NY) and significance levels
were set at p < .05.

3. Results

Participants (n = 204) were predominately female (n = 122, 60.7%) and Non-Hispanic White (n = 166, 83%). Post-graduation
79.1% (n = 163) were employed full or part time. Those in the high post-graduation AT group reported 324.73 = 193.10 min of AT/
week compared with those in the low AT group (24.69 + 41.81; p < .001). Demographics of the sample are reported in Table 1. The
post-graduation high-AT group had greater moderate (t = 4.31, p < .001) and vigorous PA (t = 3.05, p = .01), and less sedentary
time at work (t = 2.02, p = .04) relative to the low-AT group.

Odds ratios (OR) were used to predict post-graduation AT level and are found in Table 2. The only pre-graduation variables that
significantly predicted higher post-graduation AT were vigorous PA (OR = 1.01 95% CI = 1.00-1.06) and AT minutes/week

Table 2
Odds ratio for high active travel post-graduation.
Odds Ratio 95% Confidence Interval
Variable
Pre-graduation
Body mass index (kg/m2) 0.99 0.94-1.05
Moderate Physical activity (min/week) 0.79 0.99-1.00
Vigorous Physical activity (min/week) 1.01 1.00-1.06*
AT minutes/week 2.69 1.26-5.74**
Stress level 1.23 0.80-1.88
Depressive symptoms 1.15 0.89-1.49
Post-graduation
Body mass index (kg/m2) 1.03 0.96-1.10
Moderate Physical activity (min/week) 1.01 1.00-1.08%**
Vigorous Physical activity (min/week) 1.01 1.00-1.10%*
Hours worked, post-graduation 0.98 0.95-1.01
Minutes/day sitting during typical workday 0.99 0.96-1.00*
Distance to work 0.88 0.78-0.95%*
Employed 0.72 0.32-1.64
Stress level 1.21 0.79-1.83
Depressive symptoms 1.27 1.02-1.57*

Note: * < .05, **, p < .01, ***p < .001.
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Table 3
Multivariate regression predicting high AT post-graduation (n = 206).
0Odds Ratio 95% Confidence Interval P
Pre-graduation
Vigorous Physical activity (min/week) 1.01 1.00-1.01 0.047
AT minutes/week 1.001 1.00-1.10 0.003
Post-graduation
Moderate Physical activity (min/week) 1.01 1.00-1.01 0.01
Minutes/day sitting during typical workday 0.99 0.98-1.01 0.68
Distance to work 0.89 0.82-0.96 0.005
Depressive symptoms 1.32 0.91-1.92 0.15

(OR = 2.69, 95% CI = 1.26-5.74). Post-graduation moderate (OR = 1.01, 95% CI = 1.00-1.08) and vigorous (OR = 1.01, 95%
CI = 1.00-1.10) also predicted higher AT, along with higher depressive symptoms (OR = 1.27 95% CI = 1.02-1.57). Post-graduation
employment variables were also significantly related to higher AT, including less sedentary time at work (OR = 0.99, 95%
CI = 0.96-1.00) and less distance to work (OR = 0.88, 95% CI = 0.78-0.95) . The final multivariate model, found in Table 3, re-
sulted in a Nagerlkerke R? of 0.33, with pre-graduation vigorous PA (OR = 1.01, 95% CI 1.00-1.01, p = .0047) and AT minutes/
week (OR = 1.001, 95% CI = 1.00-1.10, p = .003), post-graduate moderate PA (OR = 1.01, 95% CI 1.00-1.07, p = .01), and dis-
tance to work (OR = 0.89, 95% CI 0.82-0.65) as significant predictors of post-grad AT.

4. Discussion

This study was among the first to explore AT habits across the major life transition of graduating from an institution of higher
education. Given the multitude of health, environment and economic benefits associated with participation in regular AT, it is
essential to understand the influences on this behavior for all life stages, particularly since AT behavior differs from other domains of
PA. Pre-graduation AT habits were significant predictors of post-graduation AT participation, suggesting the establishment of
transportation behavioral patterns in college could track into early adulthood. Physical activity participation, pre and post-gra-
duation were also related to AT participation, consistent with other research. These findings suggest that policies, programs and
infrastructure designed to support AT participation on college campuses and build foundational transportation habits could have
long-lasting effects and is a significant rationale for further examination into this behavior in this context.

In line with our hypothesis, the most significant finding in the current study is that pre-graduation AT predicted post-graduation
AT. When considering the multitude of typical changes associated with this transition (e.g. relocation, full-time employment, etc.),
the tracking of this behavior into early adulthood is meaningful. Previous research with college students has time and cost savings are
among the most motivating factors for AT, recognizing the notable benefits of AT (Bopp et al, 2014; Bopp et al., 2011; Molina-Garcia
et al., 2010; Whalen et al., 2013). Perhaps the most relevant to the current study is the evidence on habit strength for active
commuting, which has been studied among a general adult population adults (de Bruijn et al., 2009; Shannon et al., 2006), with some
related research to suggest this is an important factor for students as well. De Bruijin and Gardner (2011) found that habit strength
was the strongest correlate of AT and related to intention in a sample of undergraduate students. Other qualitative studies have
supported the importance of habit strength on AT participation (Guell et al., 2012). The current study supports these findings, with
AT habits from pre-graduation predictive of post-graduation AT. This suggests the importance of college campuses building programs
and policies to support AT throughout students’ tenure to create a strong foundation that can carry forward into future life stages,
indicating that there could be worthwhile return on investment for programs promoting AT during young adulthood. Frameworks
such as the League of American Bicyclists’ Bicycle Friendly Campus program provide guidance on comprehensive strategies for
promoting AT on college campuses (League of American Bicyclists, 2013). Best practices on college campuses have included stra-
tegies that address physical infrastructure as well as education and encouragement (Wilson et al., 2018).

This study also aimed to examine influences on AT participation and the findings revealed the relationship between a physically
active lifestyle and AT. A wide range of research has also concluded that there is a strong relationship between activity or fitness level
and AT participation (Avila-Palencia et al., 2017; Butler et al., 2007; Cole-Hunter et al., 2015; Sahlqvist and Heesch, 2012). Bopp
et al., 2015 noted that objectively measured fitness was positively related to AT participation among college students, confirming this
relationship. With the typical decline in physical activity seen across the first seven semesters of college life and the finding that
moving off-campus away from readily accessible exercise resources often exacerbates this decline (Small et al., 2013), AT could serve
as a way to maintain activity levels and combat this trend, including through the transitional period post-graduation. A longitudinal
study by Miller et al. (2019) noted that there was a decline in moderate-vigorous PA when leaving post-secondary education,
indicating that participation in AT could help combat this decline as well. Campus recreation programs could build in programming
to help provide the skills for urban active transportation (e.g. bicycling safety in traffic) and campus transportation departments
support AT through the provision of resources (e.g. bike share, bike parking).

Although there were some insightful findings there were some significant limitations. First, there could have been self-selection
issues for students initially responding to the survey and attrition to post-graduation could have resulted in a non-representative
sample. Future studies should aim to include a wider, more representative sample of the student body and use strategies to prevent
attrition. Second, the self-report measures may have resulted in inaccurate reporting of the main outcome measures; further research



M. Bopp, et al. Journal of Transport & Health 14 (2019) 100602

in this area may benefit from the use of more objective methods of assessment (e.g. travel diaries, accelerometer). Also, the time
period immediately post-graduation may be too early to capture any habits established at a new place of employment, so further
follow-up is warranted. Lastly, it is unclear whether these findings would generalize to other student populations.

5. Conclusion

Despite these limitations this study is among the first to examine how AT participation changes across a major life transition for
adults and some of the possible influences on AT behavior. Given the importance of establishing healthy habits earlier in life, the
focus on encouraging and supporting AT participation in this population shows promise. This study provides a foundation for future
research addressing how AT could change across life transitions. The long-term health, environmental, and economic implications of
AT necessitates a multi-level approach to targeting this behavior, indicating that communities and institutions such as college
campuses and workplaces can play a significant role in improving participation across the lifespan.
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