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AActive travel to school has been widely promoted as a means to
reverse the children obesity epidemic.

AEvidence indicates built environments around homes and schools
and along the routes influence parental decisions forc hi | dr e n ¢
school travel mode choice.

AObjective measurements such as Global Positioning System ( GPS
units and accelerometers emerge as promising tools to capture
both the built environment and school commuting behaviors to
overcome Iinherent limitations of conventional self -report
measures, especially for children.

AChaIIenges exist in collecting such data especially among
children, and due to the complexity in data processing/analysis.
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1 . Investigate the characteristics of
c hi |l dr e n-fosschbhobamde
school -to -home travels, in terms of . "‘
demographic, physical activity, g |
and route characteristics.
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2 . Assessethe contribution of active s
travel modes to the overall daily *’
moderate -to-vigorous physical s
activity (MVPA), and variations in
school trip characteristics by
community settings.
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) Methooss: Datay Callestitn

Participants:
A 113 children from 18 elementary schools in Austin
Independent School Districtin  Texas

Survey period:
A Fall semester of 2009 ~ Spring semester of 2011

Measurement Devices:

A GPS unit (Garmin Forerunner 205) with smart recording
data capture
Accelerometer (  ActiGraph GT3X) withl5-sec data capture
Travel Log (Self-report by children with parental help )
Parental survey (personal , school travel, physical activity
and environmental perception data)

Measurement Duration:
A 7 consecutive days
A 8 hours of daily accelerometer wearing time and
30% of active time considered valid

Too oo o



\J Methooss: Instruments

Wieters M, Kim J and Lee C ( 2013).
Assessment of available research
instruments for measuring physical
activity. Journal of Physical Activity
and Health

Garmin Garmin Global Sat DG-| Wintec Easy

Foretrex Forerunner 100 Showily

. % . % . % . %

Rating Correct Rating Correct Rating Correct Rating Correct

Points Correctly plottedon | | oo 100 | & [ 760% | + |749%| - |57.2%
sidewalk
Points Correctly plotted on 0 0 0 0
the correct side of the road 0 78.9% + 98.8% + 100% 0 85.4%
Points on course - 71.6% + 80.7% + 80.49 - 71.8%
Points on course with tree i 23 0% + 100% o 82 80% + 100%
coverage
Points on course while + |100% | + |100% | - |461%| + | 100%
indoors




\J Methuodss: Instrumentss

1. GPS Geographic Information

(Location, Speed, Time) 2. Accelerometer : Physical Activity Information

time latitude longitude altitude (ft) (PA |ntenS|ty, Step CountS, TImE)

| 2009-09-1909:14:23  30.687214  -96.302416 337.9

| 2009-09-1909:14:31  30.687228  -96.302413 314.3
! | 2009-09-1909:14:42  30.687244  -96.302449 314.3
| 2009-09-1909:14:52  30.687252  -96.302399 3111 Date Time  Activity Activity (Horizontal)  Steps
2009-09-1909:15:06  30.68722  -96.302408 287.5 9/19/2009  9:14:30 9 18 1
| 2009-09-1909:15:12  30.687221  -96.302433 308 9/19/2009  9:14:45 59 152 4
| 2009-09-1909:15:19  30.687222  -96.30244 298.5 9/19/2009  9:15:00 95 202 8
| 2009-09-1909:15:54  30.687177  -96.302428 350.5 9/19/2009  9:15:15 65 186 6
| 2009-09-1909:16:05  30.687183  -96.302448 363.2 9/19/2009  9:15:30 45 123 5
| 2009-09-1909:16:36 ~ 30.687222  -96.302437 349 9/19/2009  9:15:45 0 39 0
| 2009-09-1909:16:48  30.687203  -96.302469 350.5 9/19/2009  9:16:00 1 56 0
| 2009-09-1909:16:52  30.687223  -96.302471 334.8 9/19/2009  9:16:15 0 6 0
| 2009-09-1909:16:56  30.687167  -96.302501 325.3 9/19/2009  9:16:30 45 99 2
| 2003-09-1909:16:59 30 Sovwee | aemnnes Phen St e T ~79 4
| 2009-09-1909:17:06 3! o Dm[[iE] oy uon [ e Trm T s 5
| 2005-09-1909:17:47  3( s sty o s | B | I | s s &“13&55’%& 0
2009-09-19 09:17:59 31 il bl e - 0
—— el e L L3 L3 0
Preaes comram  To pearytneine PR 2obeny|
o R - (R
e e o e L 4
i 10w (a3 park ama) facd park rrmy, e Te shaa
Ceg tg e o
e, e r— 1
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3. Travel Log: Self Recorded Daily Travel Information
(Mode, Purpose, Time) 7



U Methoolss: Data Processing

Synthesizing GPS
and Accelerometer

Travel Mode
Detection

Trip Identification
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1. Download the Raw
GPS data from the unit
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2 . Download the Raw

Activity
2000
Accelerometer data
1600
1400
1200
S
‘ ;ﬁlfofa 1000 !
* 500 |
600 !
‘ll::!!!ll’ _ 400
200 "
D I T T T T T T T T T |I T I =II II = T
0:00 2:00 4:00 600 8:00 10:00 12:00 14:00 16:00 18:00 20-00 22-:00
B Activity
Date Time Activity Activity (Horizontal} 3rd Axis Steps
6,/30/2009 8:13:00 o o 4 o
6,/30/2009 8:13:30 33 103 47 3
6,/30/2009 8:14:00 225 228 149 7
6,/30/2009 8:14:30 91 114 20 3
6,/30/2009 8:15:00 378 165 1938 13
6,/30/2009 8:15:30 21 118 437 o
6,/30/2009 8:16:00 887 1108 1535 33
G/30/2009 8:16:30 753 10038 1248 29
6,/30/2009 8:17:00 942 1110 1414 37
6,/30/2009 8:17:30 194 a09 543 i
6,/30/2009 8:18:00 209 239 240 2
6,/30/2009 8:18:30 14 78 (] 1
6,/30/2009 8:19:00 227 260 241 2
6,/30/2009 8:19:30 93 156 312 2
6,/30/2009 8:20:00 36 126 127 1
6,/30/2009 8:20:30 o 23 109 o
6/30/2009 8:21:00 o 13 249 o
6/30/2009 8:21:30 o 3 o o
6,/30/2009 8:22:00 o 21 2 o




3. Link GPS with Accelerometer data

AUs etim&6 as the common | ink

Alssues/challenges:
AMissing or erroneous GPS data while indoors or under heavy canopy (buildings/trees)
ALack of clear (valid) thresholds/guidelines for data processing
ALabor -intensive ( need to develop special program to handle large samples)

REF: Rodriguez DA, Brown AL, and Troped PJ (2005). Portable global positioning units to complement
accelerometry -based physical activity monitors. Medicine & Science in Sports & Exercise, S572 -581.
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Software needed:
GFS Visualizer (to cogvert GFS raw data to GlS—compatible fils)
A web-based program available from: hitp://www.gpsvisualizer. com/coavert_input

Matlap (to merge GFS and Accelerometer data)

ArcGIS (to map the dats and conduct spatial analysis)

Training Ceater and Way Point Manager (to dowaload GFS dats)
ActiGraph (to download Accelerometer datal

Files needed:
GF file (doymnloaded from the GFS unit)
LSV file (downloaded from the Acceleromester unit!



. . REF: Troped et al. (2008). Prediction of
4 " CIaSSIfy the SynChronlzed data activity mode with global positioning system
A . . and accelerometer data. Medicine &
Route vs. destinations Science in Sports & Exercise, 40(5) 972 -978.

AModes (e.g. walking, driving) based on:
ASpeed (GPS)
AStep count (Accelerometer)
ATravel diary (if available)

Alndividual Trips
dou

8
3

* Route %
)
e Destination . o
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PAVILION

HELDENF EsHALL

HART RESIDENCE HALL

‘KYLE FIELD
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Trip 1

Nov 21 2009 Saturday
Time:11:51:29 AM- 11:55:34 AM
Duration: About 4 minutes
Length: 0.2 miles

Average Speed: 2.88 MPH
Origin: KRUEGER

Destination: EVANS LIBRARY
Purpose: Study

Total Steps: 506

Energy Expenditure: ~ 16 cal
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Trip 2

Nov 21 2009 Saturday

Time: 1:14:42 PM-1:18:23 PM
Duration: About 4 minutes
Length: 0.19 miles

Average Speed: 3.14 MPH
Origin: EVANS LIBRARY
Destination: KRUEGER
Purpose: Go Home

Total Steps: 394

Energy Expenditure: ~ 12 cal

M
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Trip 3

Nov 21 2009 Saturday

Time: 1:55:41 PM- 2:02:26 PM
Duration: About 7 minutes
Length: 0.29 miles

Average Speed: 2.57 MPH
Origin: KRUEGER
Destination: HART R-HALL
Purpose: Meet Friends

Total Steps: 797

Energy Expenditure: ~ 22 cal
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Trip 4

Nov 21 2009 Saturday

\

EVANS LIBRARY Time: 2:11:22 PM- 2:17:30 PM

Duration: About 6 minutes

Y

‘( Length: 0.28 miles
S — RUEGER RESIDENCE HALL

Ay Average Speed: 2.74 MPH

?3C\OWONS

-\.;'
+ Y Origin: HART R-HALL
HELDENFELSHALL +*
E& ’,--‘" Destination: KYLE FIELD
'i"-‘
J,V"’ S Purpose: Watch sports games
.LI:*-""-__/ ;
A ‘mnr RESIDENCE HALL Total Steps: 655
: ."I Energy Expenditure: ~ 19 cal
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U Results: Participants's

Age : 9.5 Years

Gender : 50.8% Girl

Ethnicity/Race : 58.3% Hispanic origin, 34.2% White

Economic Status : 50% qualified for the free or

reduced price lunch program

17



) Results: Tiip Summary

112 (85%) out of 132 participants with at least one
valid home -to/from -school route identified

303 person -days & 579 trip segments extracted
Automobiles (private car and school bus ): 61.4%
Walking: 34.9%

Bicycling: 3.7 %

39% were chained trips

Chained trips: 1+ stops en route to/from school for other
purposes (72% of chained trips were school -to-home trips)

18



U Results: Travel madée

Trip Percentage (%)

100 -
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20
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Boy Girl Hispanic White African No Free Free Lunch
American Lunch

M Driving ®Walking & Driving & Walking ™ Bicycling s Walking & Bicycling
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U Results: Tiip Lengt

2.5

1.5

0.5

Mean and Median Trip Lengths (Mile)

il

Walk

Bicycle Schoolto Home Trip Trip

Girl

Ahm

Drive Drive & Walk Bicycle Walk & Home to School Direct Chained Boy

No Free Free
Lunch Lunch
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U Results: Tiiip duratiam

14

12

10

Mean and Median Trip Dration (Minute)

Drive

Drive & Walk

Walk Bicycle Walk & Bicycle Home to School to
School Home

Direct Trip Chained trip
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U Results: Route Dineatnesss

Route Directness = Direct (Straight) Distance / Actual Trip Length

0.75

0.7

0.65

0.6

0.55

Mean Route Directness

Driving

]ﬂ 1 ] l 1

Walking &
Driving

Walking Bicycling Walking & Home to School to
Bicycling School Home
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U Results:
Geagnappicic Settings

Geographic : Median :
: Population Percentage Location
Setting Type Density of Hispanic Household Clusterin
(# ofschools) y P Income J
VnEHely Medium High Low East
low income (3)
Northeast
Urban High High Low g  PEar %
low income (8) Southeast ‘e Jle S8
Urban
middle income  Medium Medium Medium South
3)
Suburban Low Low High West

high income (4)







N_MOUNTAIN LRERK GILLELAND FLAZA
NiQUNTAIN CREEK EAST o,

i : i B ) / 5 v
/ : e & 458
: 3 4 v Qo JWILDFLOWER
A fGm b " 87 N ESTATES
j ¢ , ~ " y 3 4 4 GERVI i
v ) ». o o 4 \ 4 R
> F

- 5 Volente
»

¥

S tlngsﬁ,

NORTHWEST

AusTin »ORAT 8

£ Point Veature
{i’g' ” Buffalo Gap

i v//
© Lakeway

8, y 3 ¢4 . i
e - ,/ x X
,*Thehills/‘ S 49 g i, Eme

}_\' A S 52 + 7 River Wy

Licét Creek™

Barton Creek

\

Bear Creek . ‘ . /. bo ! . s . ¥ : l gl
/ - ‘ : 1 AISD Boundary
§ Shady Holloy X 7 = e

ographic Setting Classification
Inner-city Low Income
Urban Low Income
Urban Middle Income

Suburban High Income




\UJ Results: GeagpapbiciSattitiysys

100 -
90
80
70
60
50
40
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20
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0 - T T T

Inner-city Low-  Urban Low-  Urban Middle- Suburban High-
income income income income
M Driving & Walking & Driving i Walking  Bicycling & Walking & Bicycling




\UJ Results: GeagpapbiciSattitiysys

Trip Lengtt Trip Durati Route Directness

0.77
2.58

Inner-city Urban Ur Inner-city Urban Inner-city Urban Urban Suburban
Low-income Low-income Middle  Low-income Low-income M  Low-income Low-income Middle-income High-income

@ Mean Trip Length 4 Mec i Mean Trip Duration M Mean Route Directness i Median Route Directness




\UJ Results: Physicall Actilitify
Three ways to compare daily MVPA:

a. Minutes of MVPA 1
Thresholds: bout length - 5 minutes; tolerance - 1 minute

b. Minutes of MVPA 2
Thresholds: bout length - 10 minutes; tolerance - 2 minutes

b. Daily accumulated m inutes of MVPA
No bout threshold

Activity

2000

1800

1600

1400

1200

1000

B0O h 'N

] |
600 |
400
200 '
a - s AL A, | Lh 1

Q:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 1E8:00 20:00 22:00

B Activity




\J Results: Physicall Adtiitiy
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Daily Minutes of MVPA
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11 12 Boy Girl Hispanic White African Non-

American walker

Walker
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\JJ Results: Physicall Adtiliitity

Average daily MVPA was 34.6 minutes

Walkers had 10 more minutes of daily MVPA than non -

walkers (39.1 vs. 28.7)

The average contribution in percentage from active travel

modes to the total daily MVPAwas  33.5%

More sedentary participants had a greater proportion of

their MVPA accounted for by active school travels.
For example, a student with 10 minutes of total daily MVPA

had 7

minutes (70%) from school travels, while a student with 1 hour of

daily MVPA had 9 minutes (15%) from school travels.
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e ] ..
W Cancllistom
A Continued decline in PA with  age among
elementary school students

A intervention at younger age

A 0.5 miles confirmed as feasible distance for
walking (and also likely bicycling)

A Intervention efforts targeting students living within
0.5 mile

35



\J Caonclusion

A Boys (vs. girls), White and African American (vs.
Hispanic), and high SES (vs. low SES) with higher share
of walking to school (WTS)

A Boys (vs. girls), White (vs. Hispanic, African American ),
high SES (vs. low SES) and walkers (vs. non-walkers)
with more PA

A More sedentary children had a greater proportion of
their MVPA accounted for by active school travels.

A Significant variations in WTS and PA across different
settings and income levels

A Interventions for WTS vs. PA; currently sedentary vs.
active children; by different environmental contexts

36



Accuracy and completeness of GPS  -accelerometer data for
children (85% with at least 1 valid school trip extracted from 7
days of wearing).

Further analyses to include detailed spatial analyses of the
GPS-accelerometer data with GIS and audit data.

Travel behavior and PA variations by neighborhood/school
contexts and the need for context -specific interventions; but
challenges in classifying heterogeneous contexts into
meaningful groups.

Inner -city schools and schools close to major employment
centers with |l onger travel di
work locations (residential vs. work locations/populations)

St an



