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Abstract

The concept of space is one of earliest development in children’s physical knowledge, which is also
the basic of the high-level scientific concept. Children can show their understanding of space at very
young age; furthermore, they can grow into spatial cognition. Spatial cognition plays an important
role in every aspect of everyday life. As a child’s journey to school is identified as the main travel of
his/her daily life, it is also an opportunity to explore the surrounding environment. However, in
recent years, the proportion of escort to school with motorized transportation modes has increased.
It may influence children’s spatial cognition through less and less exploring and experiencing the

surrounding environments.

This study examines the relationship between children’s modes of school travel and the
development of their spatial cognition. The sample data were collected in an elementary school in
Taoyuan, Taiwan, using interviews, questionnaires, and cognitive maps. The sample was made of
521 children from the first grade to sixth grade and analyzed by linear, Poisson, and binary logit



regressions in order to clarify the relationship between children’s modes of school travel and the

development of their spatial cognition.

This study distinguishes spatial cognition into spatial knowledge, spatial ability, and the
representation of space. The results show that modes of school travel do not have effects on spatial
knowledge and spatial ability, but do have effects on the representation of space concerning routes.
Also, independent modes and active modes are positively correlated with the representation of space.
Instead, passive modes are negatively correlated with the representation of space. Therefore, in order
to develop spatial cognition, this study encourages children to use independent modes and active

modes more to school, including independent walking, and biking.

Keywords: Modes of school travel, Child, Spatial cognition, Cognitive map, Cognition development
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3 FEME AN RE S £

5% F- S ET T T | & W 2 W HIN 3
RS % ¥ tie | VIF& % t e VIF & % tie VIF & % t e VIF i&
FINFIPd R | 2462.024 | 2433 | 4.153 | 2559.602 | 2.45%** 4.422 2542.51 2.44%x% 4.398 2508.485 2.420%%% | 4343
Pl pd R | 2232209 | -2.058 | 2.676 | -2208.189 | -2.03*** 2.685 2209.906 | -2.031*** | 2,686 | -2212.876 | -2.031*** | 2.694
122 pg
B4R 1050.997 | 1.406 | 3.739 | 1097.05 1.447% 3.837 1091.926 1.439* 3.843 1076.599 1.421%* 3.834
Hw EEgE | 2423008 | 4.011 | 1.103 | 24145.106 | 3.991%** 1.029 24158.567 | 3.993*** | 1.029 | 24268.229 4.012%%* | 1.028
iF ey 0.672 1.41 1.484 0.63 1.287* 1.564 0.635 1.294* 1.569 0.724 1.356* 1.855
WA g -83.614 -0.379 1.563
ER g -72.505 -0.328 1.547
P AEE -39.549 -0.215 2.632
F i& 12.047%** 10.047%** 10.04%** 10.028%**
R’ 0.105 0.105 0.105 0.105
Adj-R? 0.096 0.095 0.094 0.094
D-W & 2.031 2.036 2.035 2.029
(e A = dulgypppm CLEERALEL) | (du 4 — dully e = (LE73.2127) | (ded —dulyoppe = (18732127} | {dud — duly.ppe = (1.873.2,127)
kkk &

& iE a=0.05 & F kA L LT

£ 0=0.1 ¥R 1 FE 4R 002 Bk
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24y i RE RS

+
~

B0 #AHN TRTE | 2 RSN 2 2 W RN 3
P #c % i t g VIF & 4 t & VIF i& % K t & VIF i& %k tiE VIF &
E N 1.356 | 13.413%** | 4138 1.393 | 12.919%** | 4709 1.391 | 12.932%** | 4685 1.349 | 13.242%*%* | 4200
ME] (1=
7) 2.238 | 5.899%** | 1.848 2.245 | 5.917%** | 1.849 2.245 | 5.916%**% | 1.849 2216 | 5.803*%* | 1.871
Z
<# pd
5 0.295 | 4.625%** | 4707 | 0.293 | 4.588*** | 4712 0.293 | 4.593*** | 4711 0.283 | 4.192%** | 5282
I B
iR 0.797 | 2.840%** | 2513 0.816 | 2.903%%* 2.526 0.816 | 2.900%** | 2526 0.790 | 2.813*** | 2518
T
P 5919 | 1.315% 1.012 5.741 1.275 1.014 5.749 1.277 1.014 5.924 1.316* 1.012
A BKY
P -1.673 | -1.940** | 1.151 | -1.606 | -1.857** | 1.159 | -1.615 | -1.869** | 1.157 | -1.672 | -1.938** | 1.152
A MET
=8 2 S1.228 | -2.906%%* | 1722 | -1.248 | -2.950%** | 1.726 | -1.248 | -2.951*** | 1727 | -1.254 | -2.945%** | 1747
FlE#E T
N 0.769 | 1.422% 1.229 | 0.717 1.318* 1.240 0.720 1.325%* 1.240 0.724 1.321%* 1.260
R
-0.059 -0.989 1.570
g
A B A)E
. -0.057 -0.956 1.548
b ) :E
0.026 0.518 2.713
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F i 236.508%** 210.329%*** 210.295%#* 209.954%**

i 0.79 0.79 0.79 0.79
Adj-R* 0.786 0.786 0.786 0.786
D-W & 2.125 2.126 2.126 2.121

(w4 = dulpyp e (LETLALLE | (dud = duloppe = i1.886.20147 | (du 4= dilgupes = (1.856.2114% | (du s — dgepps = (1.386.2.11<)

*EE AR E 0005 BEORE S E L AL om0l BEFRE S FE AL =02 B F R
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£S5 dai o A S R R 4

o5t A AR | ot W5 2 W3
p % 4 tiE VIF & | fa2#k t i@ VIF & | ¥ tiE VIF & | f#ic tiE VIF i&
(% #x) 131.475 | 12.164%%*x* 131.782 | 12.146%%* 131.832 | 12.152%%: 132.262 | 10.623 %%
£ % 2779 | -3.471%%% | 1,144 | -8.035 | -3.432%** | 1243 | -8.068 | -3.454*** | 1238 | -7.807 | -3.469%** | 1.148
Mul(1=5) | -10.854 | -1.544* 1.013 | -10.924 | -1.552* | 1.013 | -10.933 | -1.554* | 1.013 | -10.848 | -1.542* | 1.013
A AV
5 ® -5.769 | -1.492% 1.148 | -5.896 | -1.517* | 1.157 | -5.917 | -1.523* | 1.157 | -5.801 | -1.495* | 1.153
CHMHET AR
52 220712 | -2.667%%*% | 1,123 | -20.755 | -2.67*** | 1.123 | -20.78 | -2.673*** | 1.124 | -20.757 | -2.668*** | 1.126
BT AR
51 230.52 | -2.033*** | 1.029 | -31.046 | -2.057*%* | 1.038 | -31.083 | -2.061*** | 1.037 | -30.581 | -2.034*** | 1.03
FIEE T 3| 220.343 | -2.167*** 1.1 220342 | -2.165%%% | 1.1 | -20.372 | -2.168%** | 1.1 | -20.434 | -2.168*** | 1.107
FIEE T~ 4] 231,765 | -3.106%** | 1.186 | -31.523 | -3.073*** | 1.19 | -31.511 | -3.073%** | 1.19 | -31.738 | -3.099*** | 1.186
)} St (R UAE 4 0.392 0.371 1.154
aBAE L 0.458 0.432 1.146
W AE L -0.12 -0.128 1.024
F & 5.625% %% 4,93 %** 4.937%%* 4.914%%%*
R* 0.073 0.073 0.073 0.073
Adj-R* 0.06 0.059 0.059 0.058
DW & 1.797 1.798 1.798 1.797

I:E’IJ.- H=- W,me- I:l.???.-ﬁ.lﬁﬁ]

Edu."g - w‘__ﬁmm- [ L A )

':dur'g - W,Rmm- I::I..E'E'LZ.:L:LEFE

':dur - W,Rmm- I::I..E'?LZ.:L:LEFJ

BRr 3T it 0=0.05 BEF ORI LR E 47 iE 0=0.1 FFF R *H AR a=02 B K
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106 ATEIE A B R B % 4

TR A A f P e | T o) i ® RN 3
Pk 4 #ic t B VIF & | fa#k t B VIF & | t#c t & VIF & | ftaik t B VIF i&
£ 5 1.416 | 12.602*%** | 5078 | 1.447 | 11.636*** | 5791 1.448 | 11.666*** | 5768 | 1.466 | 12.598*** | 5078
L% P8 TN
5 0.088 | 2.082%** | 1746 | 0.086 | 2.04*%** | 1757 | 0.086 | 2.047**%* | 1.754 | 0.085 | 2.015%%* | 1.761
% 7 5% (
) 1.766 | 3.631%** | 5349 | 1786 | 3.654*** | 5395 | 1.784 | 3.652%** | 539 1.957 3.42%% | 7.397
Tl T~
| -1.357 | -2.95%%% | 1335 | -1.363 | -2.96%%* | 1337 | -1.362 | -2.957%%* | 1336 | -1.347 | -2.925%%* | 1.337
B A 0.027 0.442 1.554
awAE s 0.026 | 0.428 1.532
W A)E 8 -0.034 -0.635 2.93
F & 331.26%** 264.634%** 264.625%%* 264.782%**
R 0.72 0.72 0.72 0.72
Adj-R® 0.718 0.717 0.717 0.717
DW & 1.882 1.886 1.886 1.888

fdu, 4 — dady ppee = (1.665,2.1547

(da & — dulip,ppe = (1.069.2,1357

fda 4 — dulypppe = (1,869, 21357

fda 4 = dulo g poe = (186921357

*EE AR E o005 BEORE S E AT E om0l BERE S E AT =02 B F R E
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307 sRATHIE SN B RS B 4

s N L5 ] W2 W3
P #c % i t g VIF & | i tiE VIF & | fta#c t i VIF & | ti#kc tiE VIF &
RS 0.676 | 11.28*** | 4987 | 0.694 | 10.986*** | 5527 | 0.691 | 10.973%** | 5497 | 0.677 | 11.152%** | 5]
Hu[(1=5) | 0.318 1.539% 1.863 | 0.317 1.534% 1.864 | 0.318 1.534% 1.864 0.32 1.532% 1.893
222 Up T
5 F 0.235 1.96%* 4575 | 0.241 | 1.009%** | 4592 0.24 | 2.003*** | 4593 | 0.235 1.959%* | 4.578
1 2>2 2y
A 0.48 | 2.707*** | 3.136 | 0.493 | 2.771*%* | 3.159 | 0.491 | 2.761*** | 3.158 | 0.481 | 2.69%** | 3.184
aE E -0.304 | -2.21%** | 20923 | -0.318 | -2.295%** | 2961 | -0.315 | -2.278%** | 2957 | -0.302 | -2.099%*** | 3192
AT AL
52 -0.516 | -2.355%%% | 1589 | -0.527 | -2.399%%* | 1593 | -0.526 | -2.394*** | 1594 | -0.515 | -2.326*** | 1.616
A T AT
54 1.124 | 2.043*** | 1.068 | 1.069 | 1.929%* 1.082 | 1.076 | 1.942%% 1.082 | 1.126 | 2.041*** | 1.071
) SRR R THE -0.028 -0.837 1.6
J B AE R -0.025 -0.764 1.578
WA E L -0.001 -0.051 2.612
F & 129.704 %% 113.534%%%* 113.472%%* 113.27%%%*
R* 0.639 0.64 0.64 0.639
Adj-R? 0.634 0.634 0.634 0.634
DW i 1.955 1.953 1.953 1.956

a4 — ditlpupey = (LEFRL1LZ

(i & — A gupee = (1.882,2 118

i, 4 — A guper = (1.882,2 115

o, 4 — dlfguppe = (1.882,2118)

kK L7 iE 0=0.05 BT K X AT E a=0.1 B F KR KK 47 i 0=02 B E K
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208 WATE TR A I R R R

+
=~

o5t A A o W5 ] W 2 2 W50 3
P #c 4 He tiE VIF i& 4 tiE VIF & | ##c t & VIF & | fta#c tiE VIF &
(% ¥) 1.211 | 2.908%** 1.220 | 2.924%%:x 1.223 | 2.933%%: 1.175 | 2.806%%**
E N 0.124 | 4.942%** | 2721 0.126 | 4.884***% | 2900 | 0.128 | 4.940%** | 2883 | 0.125 | 4.977*%** | 2728
7 Bk (G
_;) ! 0.321 | 2.404%%* | 1,033 0.319 | 2.393*** | 1.033 | 0.319 | 2.387*%* | 1.034 | 0.311 | 2.324%** | 1.040
P g 0.070 | 2.761%** | 1.062 0.069 | 2.700%** | 1.074 | 0.068 | 2.674*** | 1.076 | 0.066 | 2.580%** | 1.092
P8 BE | -0.042 | -2.282%** | 1.069 | -0.042 | -2.284%** | 1.069 | -0.042 | -2.279%*%* | 1.069 | -0.042 | -2.242%%*% | 1.071
CHFT A
53 -0.078 | -1.468* 1.057 | -0.079 | -1.481%* 1.058 | -0.079 | -1.487* 1.058 | -0.078 | -1.481* | 1.057
A W AT A2
55 -0.963 | -1.623* 1.062 | -0.948 | -1.593% 1.066 | -0.941 | -1.582% 1.066 | -0.895 | -1.495% 1.081
FLEE YT~ 1| 20165 | -2.716%** | 1,104 | -0.165 | -2.712%** | 1104 | -0.165 | -2.715%** | 1.104 | -0.165 | -2.716*** | 1.104
FIEE T~ 4| 0.111 1.511% 1.139 0.108 1.467* 1.149 | 0.107 1.449%* 1.149 | 0.105 1.430% 1.148
LTI 55 A 0.000 1.554% 5.720 0.000 1.590* 5.801 | 0.000 1.607* 5782 | 0.000 | 1.768** | 7.705
W de 1 F B Xl
— 0.000 | -2.065%** | 5811 0.000 | -2.099%** | 6222 | 0.000 |-2.148%*%* | 6187 | 0.000 |-2.120%** | 10.032
Bz Al 8 -0.003 -0.407 1.335
4 AEE -0.005 -0.600 1.327
WA E L 0.008 0.846 2.000
F & 6.617%%* 6.016%%* 6.035% % 6.084 %%
R’ 0.117 0.117 0.117 0.118
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Adj-P{E 0.099 0.097 0.098 0.099
DW & 1.837 1.834 1.832 1.831
B (it = dgepps = (LESH21067 | {dud— dul_gps = (1.E882162) | (dud — dulpogge = (LEPELIGT) | (dusd— dul_ggs = (L.ERE2.162)
ek & 0=0.05 BRI SRk LR iE om0l B F R R K A 7 a=02 B F K
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109 A v AR R Bk 4

Hos0 A SALE | ot W5 2 W 3
Y S 4 ¥ t & VIF & | fad#c t @ VIF & | ta#k t @ VIF & | ta#kc t @ VIF &
(% ¥) 4368 | 28.856*** 4335 | 28.827%** 4334 | 28.768%%** 4.522 | 27.106%**
Bul(1=%) | 0.153 | 1.574% 1.029 0.15 1.553* 1.029 | 0.149 1.544% 1.029 | 0.154 1.591* 1.029
L7E P
%" 0.025 | 2.577*** | 1.033 0.03 2.3k 1.041 | 0.023 | 2.372%%*% | 1.039 | 0.023 | 2.382%** | 1,041
A D R |0.126] 5.01%%* 1.024 | 0.107 | 4.191%*%% | 1.082 | 0.109 | 4.258%%% | 1.078 | 0.121 | 4.826*** | 1.032
KT AR
53 0.249 | 2.546*** | 1.007 | 0.261 | 2.696*** | 1.009 0.26 | 2.676%*%% | 1.008 | 0.255 | 2.624*** | 1.008
KT AR
55 2.232 | 2.031%** | 1.019 | 2.206 | 2.024**%* | 1.019 | 2.202 | 2.019%*%* | 1.019 2.14 1.953%* 1.02
W F R 0000 | -7.633*** | 1.028 | 0.000 | -6.736*** | 1.088 | 0.000 | -6.722*** | 1.094 | 0.000 | -6.651*** | 1.131
) SR ETHE 0.045 | 3.149%%* | 1,142
a P A|E L 0.042 | 2.957%%*% | 1.142
WA EE -0.029 | -2.155%%* | 1.127
F & 19.292 %3 18.244%** 18.038%** 17.319%%*%*
B 0.186 0.202 0.2 0.194
Adj-R* 0.177 0.191 0189 0.182
DoW 2.02 2.032 2.034 2.037

(dus = dufpupgz = (1.577.2.123)

Sl S = dul g w CLEELE 11E)

i 2 = dul gz CLEELE 2150

Sl S = dul g w CLEELE 11E)

kK L7 iE 0=0.05 BT K X AT E a=0.1 B F KR KK 47 i 0=02 B E K
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210 B2 mEEA ke £
o5l A AN ST EE | ST LIS ") of ¥ 3
p % 4 B t e VIF & | fi#k t i VIF & | fa#k t & VIF & 4 tiE VIF &
MEl(1=5) | 0.52 | 5.373%%* 1.94 0.504 | 5.287*%% | 1943 | 0.503 | 5.271%**% | 1.944 | 0.487 | 5.054*** | 1.961
LR P S
5 0.042 | 4.181%*%* | 1707 | 0.037 | 3.75%%* 1.729 | 0.037 | 3.803*** | 1725 | 0.043 | 4.34*** | 1709
A B d R 0255 17.562%** | 3923 | 0.246 | 17.022%** | 4.013 | 0.246 | 16.988*** | 4.019 | 0.236 | 15.224%%* | 4555
| A AUR
5 F 0.448 | 9.751%** | 3181 | 0.401 | 8.6%%%* | 3384 | 0402 | 8.609%** | 3381 | 0.432 | 9.456%** | 3215
X ﬁvE'L,:?i’? fi
55 1.841 | 1.633* 1.021 1.809 1.629%* 1.021 1.802 1.622% 1.021 1.986 | 1.777** | 1.023
EFES | 0.000 | -3.022%** | 1.706s | -0.000 | -2.071%%* | 1.797 | -0.000 | -2.02*** | 1.806 | 0.000 | -4.044*** | 1961
Moz A8 0.058 | 4.073*** | 1.510
a P AiE R 0.059 | 4.088*** | 1.501
W AFE 0.043 | 3.322%%* | 2949
F & 533.559%%x* 473.768%%%* 473.894%** 467.964%%%*
R® 0.863 0.868 0.868 0.866
Adj-R* 0.862 0.866 0.866 0.864
DW & 1.896 1.897 1.900 1.908
(w4 — dulpgnoz= (LETIL 1“] (dud = duly g0z = c1 8772 7’] (duwd = dulpgnor = (LETT2I1ZY) | (dud — dulsgupe= (LETT2.125)
FREE 2oom iE 0=0.05 B FORAE g Lo iE 0=0.1 A F KM AT 002 B OR S
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2011 ARl YR R R R R 2k A

st P TR L AU ) ot 3
P #c 4 t g VIF & % K tiE VIF & | ti#k tiE VIF & | ta#c tiE VIF i&
E N 0.665 | 5.049%%* | 533] 0.602 | 4.420%*%*% | 5726 | 0.596 | 4.382*** | 5719 | 0.678 | 5.123*** | 5393
=g | 20521 | -1.802%* | 1.293 | -0.497 | -1.723**% | 1296 | -0.497 | -1.724** | 1296 | -0.521 | -1.802** | 1.293
e | 0.110 | 1.319*% 1.905 0.114 1.368% 1.907 | 0.114 1.371* 1.906 | 0.117 1.396* 1.919
A pd B |-.0.131 | -1.685** | 5311 | -0.121 | -1.559* | 5338 | -0.121 | -1.557* | 5335 | -0.106 | -1.292* | 5.907
IoFpd
N 0.807 | 2.276%** | 5408 0.744 | 2.094%** | 5462 | 0.746 | 2.101*** | 5451 | 0.820 | 2.312%** | 5417
1 4\ g J'l (’]‘ -F‘ﬁ
5 0.528 | 1.338% 3.420 0.495 1.257 3.428 | 0.489 1.242 3.429 | 0.554 1.402% 3.437
CHLET R
51 22.068 | -2.173%** | 1273 | -2.037 | -2.143*** | 1273 | -2.026 |-2.133%%*%| 1273 | -2.043 | -2.145%** | 1274
A W T AT
51 3.254 | 3.148%%* | 1257 3.086 | 2.979%%*% | 1268 | 3.079 | 2.976*** | 1266 | 3.198 | 3.089*** | 1261
FhEE T~ 10707 | 1.332% 1.432 0.709 1.339* 1.432 | 0.713 1.347%* 1.432 | 0.731 1.376* 1.435
FLEE T~ 3| 1518 | 2.504%** | 1338 1.506 | 2.491%%* | 1338 1.501 | 2.484%%* | 1338 1.508 | 2.488%** | 1338
B Ad g 0.120 | 1.754%* 1.572
J B AEE 0.133 | 1.942%* | 1.547
WA E L -0.054 -0.962 2.630
F & 33.140%%* 30,532 %% 30.637%%* 30.207%%%*
R= 0.398 0.401 0.402 0.399
Adj-R=* 0.386 0.388 0.389 0.386
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2.001 1.995 1.994 2.007
(dud = dulyegg:= (1LEFEIIIE | (dud — dulpagge= (1.E20L11EY (dud = dulygpsz = (1.2802. 1147 fdud — dulygggz= (LERLZ 11T
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%012 macBlaAs ol R B

+
=~

st A& A L R 2 ut @R 3
P ¥ 4 e t i VIE D e | ot | viFm | smie | ot | VIF® | md | ot | VIF®
=R
(¥ #) 8.244 3.852%** 8.305 | 3.893*** 8.319 | 3.902*** 9.675 4 338***
£ % 2.838 10.383*** | 1234 | 2.684 | 9.521*** 1.322 2.679 | 9.515%%* 1.319 2.819 | 10.347*** 1.235
LR PCS
- 0.161 1.891** 1.060 | 0.150 1.766** 1.064 0.151 1.783** 1.062 0.143 1.679** 1.070
=K
I Fp
g R 1.702 2.458*** 1.245 | 1.539 | 2.217*** 1.261 1.548 | 2.234*** 1.258 1.582 2.287*** 1.253
L
g R -1.139 -1.729** 1.244 | -1.181 | -1.797** 1.245 -1.186 | -1.806** 1.245 -1.137 | -1.732** 1.244
] 2 up
?\‘5 I 0.784 1.624* 1.282 | 0.735 1.528* 1.285 0.731 1.520* 1.285 0.745 1.548%* 1.284
1 A _"_1 iV b
-I% 5 1.825 2.284*** 1.226 | 1.744 | 2.188*** 1.229 1.738 | 2.180*** 1.229 1.798 2.258*** 1.226
A ERE -1.180 -1.844** 1.060 | -1.108 | -1.735** 1.063 -1.110 | -1.740%** 1.063 -1.126 | -1.764%** 1.062
P g 0.757 1.844** 1.071 | 0.856 | 2.080*** 1.085 0.864 | 2.100%*** 1.086 0.893 2.160Q%** 1.096
CHKT
2Rk 1 -3.089 -1.802** 1.161 | -3.096 | -1.812** 1.161 -3.087 | -1.808** 1.161 -3.133 -1.835*%* 1.161
A KT -2.545 -1.831** 2.675 | -2.448 | -1.766** 2.678 2464 | -1.779** 2.677 -2.557 | -1.847** 2.676
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2R 2
A mET

w3 | 2703 | -L9S9W | 2806 | -2.628 | -1910% | 2.808 | 2.652 | -1.929%* | 2.807 | 2721 | -L979%* | 2.806
Tl T

. 1518 | 1.369% | 1.286 | 1.524 | 1379%** | 1286 | 1.506 | 1363* | 1286 | 1.503 | 1361* | 1286
Tl T

3 4127 | 3382%%* | 1338 | 4122 | 3.390%** | 1.338 | 4.107 | 3.379%%* | 1338 | 3.945 | 3238%%* | 1344
Tl

4 3756 | 2.880*** | 1.376 | 3.987 | 3.057%** | 1386 | 3.983 |3.056*** | 1384 2.996*+* | 1.379
bt S (T

¥ 0.267 | 2.108*** | 1208

EETE

. 0.281 | 2.221%** | 1.194
s 8 1) 38

. 20247 | -2.186*** | 1.068
F i 16.098%** 15,426 15.473 %% 15,458

R? 0.312 0.318 0.319 0.319

Adj-R? 0.293 0.297 0.298 0.298

bW 1.931 1.937 1.938 1.955

(w4 = duly_gys = (1.84T.2.085)

(4 = dulyogcr = (1.911,2.088)

I;:ﬂ'l.'l.‘--"- - duj.h.:,l.:,.; = {1 #l 1,-;..']39]

(dud — dulyogge = (18112088
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(=) Poisson f= = 3 logit & & 4 45
1. Poisson 3% jf #3¢

R E A~ R it * Poisson it jfs B TR 0 FIS R A L
BT 0 %R dicdp a7 T 3hdc 0 F]Rt @ % Poisson i GFHC o F Ao » Al R
BRS¢ pEs s Bu BT R ABMI ) 7 bl PRER g R
B RFEHK ) Rpd B A pd BRFIOFpd R DIEL DR
Pllagupphpd R Fllo2udpaipd RO Fad 272 8K -
PogE pd B HBFLHRE MK TRA \—%iﬂf{zﬁz& R
for ~ i FREd{r(B e Lol FIE)F R R F L 7 B F air
REI UL EAHRE -2 13 558701 22 '}“41’\37&'5 dOR o~ XBRK
TAER S fe(EE Bl R S FRH A HE RS f e RPN B 28
FhrHAHE R RG B e BEM G o REGE ORISR 75560 &7
GEBST TR AR E BT o N2 4 plE S 0.031 gk E o

¥

B RAGAG AN A T UER - FHEFE
A Ffrd B FE a2 R 0 Flob AR EC M AV R g b
TR od 2 B REME T ZFAFEL UL BFOREH %o
A2 HCR R S ptiE s L e 0 R AR R 0.031 ek i .
-1 logitﬁﬁffT i
LT 29 logit i F R TR RR RS A WA RE  F A M g
FIRBREHG > & FEE BN WEREBMI )~ B bl PRER S
B mRF B REE TR P API RS2 d B FIOFp D R FliES
pd BRI 22 UpRFERAd RSP 1I22ZGFRAS RSN Ad B
D E P EE ﬁﬁxi‘_‘—ﬂ%iﬁﬂﬂt?&_‘ CRETARRE SR RET AR
FLeE T 0 i BRI E Ll B E S RBEFN o I HF
] %M I"F 12 & 18 17 103 %up o & 14 % BT 0 B Y sl kT Bcfo(4s
Boif Lol FREM A T R R G f e DREM o B R 5 o
e R T o B BCE I PR A BN r:-’;; 14382 %77 i 16§ T chHcia ik
R 5 E > ARG 4 pPE 5 0.02 ok o

R RACEAT A A AN T IR B FEL Y b
A F i BAF L DB F o T Nl » R RN R LA B
fer e FREERE od 2 14 5% A FELHFT RS R
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# 13 = 4§ 50¢ $2 Poisson i fFH05 fp 5% £ (¥ $31#0)

B N EEAUE | L W5 2 o W05 3
hikm | FEE | OVIF | kR | FEE | VIFE | GiE&km | HEE | VIFE | ikl | E¥E | VIFE
PR e B B B P
(¥ %) 1.516 | 0.000%** 1.518 0.000%** 1.518 | 0.000%%** 1.512 | 0.000%***
£ 5 0.082 | 0.000*** | 1.019 0.083 0.000*** | 1.151 0.084 | 0.000*** | 1.145 0.082 | 0.000*** | 1.027
L =2n -0.048 0.109* | 1.013 -0.047 0.119* 1.017 -0.046 0.135* 1.017 -0.048 0.11* 1.013
H A
iR
R o 0.055 ] 0.033*** | 1.043 0.055 0.034*** | 1.044 0.055 0.086** | 1.044 0.056 | 0.033*** | 1.044
MK 0.072 0.052** | 1.145 0.071 0.056%** 1.152 0.071 0.083** | 1.151 0.072 0.054%* | 1.141
2R 3
MK 0.119 | 0.023*** | 1.153 0.117 0.026*** | 1.159 0.116 0.06** 1.158 0.118 | 0.025%** | 1.158
2R 4
CAFT | -0.191 | 0.01*** | 1.01 -0.188 0.011 1.011 -0.187 | 0.017*** | 1.011 -0.19 | 0.011*** | 1.011
AR S
P#E L | -0.00003 | 0.025%** | 1.045 | -0.00003 | 0.024*** | 1.168 | -0.00003 | 0.032*** | 1.172 | -0.00003 | 0.048%** | 1.462
i § §E
4
2! el R A -0.002 0.644 1.293
¥
BN el -0.004 0.566 1.288
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6 A iE 0.001 0.856 1.427
CCCR -1192.278 -1192.171 -1192.059 -1192.261
CCCR) -1230.058 -1230.058 -1230.058 -1230.058
p? 0.031 0.031 0.031 0.031
7 75.56%** 75.773% %% 75.998%** 75.593 %%
9(z) -3.667 3.67 -3.674 -3.668
g(Z%) -3.995 -4.004 4.012 -3.997

*EE AR E o005 BEEORE S E AT E om0l BEFRE A E AT =02 B F R
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# 14 T ¥ AR5 == 7 logit ¥ jF

Bt iR B % £ (F #=1)

i A A5t W RON ] W OREN 2 W 3
p % VIF VIF
Gt E | KEM | VIFE | kit BEE “ GERE | B¥EME | VIFE | REkEE BEi "
(% &) -1.098 0.035%%** -1.101 0.037%** -1.388 0.009%** -1.216 0.023%**
i =i -0.252 0.042*** | 1.003 -0.252 0.042%** | 1.004 0.109 0.045%** | 1.004 -0.25 0.043*** | 1.003
{7 =% -0.046 0.186* 1.018 -0.046 0.186* 1.018 -0.046 0.186* 1.018 -0.047 0.175* 1.019
% {7 55k (1= 0.935
5 0.073** | 1.012 0.935 0.073** | 1.012 0.858 0.1%* 1.012 0.904 0.083** | 1.017
FleE T 4 0.36 0.138* 1.021 0.362 0.14* 1.036 0.389 0.112* 1.035 0.342 0.161* 1.027
i 5 pEAE 0.0002 0.126* 6.209 0.0002 0.129* | 6.271 0.0004 0.022%** | 6.256 0.0003 0.073** | 7.94
Wb iF B xid -0.0002
—_— 0.165* 6.184 -0.0002 0.178* | 6.509 -0.0006 0.028*** | 6.479 -0.0004 0.094** | 9.775
b il (R 3 0.001 0.968 1.141
ER (R 0.017 0.531 1.14
Wb AE B 0.032 0.325 1.776
= 2 -348.52 -348.519 -348.704 -348.031
DO{R; -355.711 -355.711 -355.711 -355.711
pe 0.02 0.02 0.02 0.022
7 14.382% %% 14.384%** 14.0136%** 15.36%%*
*k &

wREE A7 i a=0.05 A F K

p

Fo o1 & 0=0.1 &g & K& ; *—*‘Ff %7 it 0=02 B E K8
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Abstract

Commuting with peers during school travel creates social benefits to children.

With peer companies, children can share school life, personal feelings and even
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secrets with each other; therefore, it might strengthen children’s social networks.
Previous researches of school travel focused on safety and physical health of children,
but studies of social domain were quite few. This study tried to link the relationships

between school travel patterns and social networks of children.

Based on literature review and interviews, this study selected important
influential variables to a child’s social networks as control variables, which include
physical, psychological, appearance/performance, family relationship, and
socioeconomic statuses. In social network studies, social-cognitive map (SCM) is a
well-used method to find who children’s best friends are, and then build the network.
Social network indicators like size, in degree, eigenvector centrality and

core/periphery were used as dependent variables.

Sixth grade students were selected as study sample from an elementary school in
Banciao District, New Taipei City. The samples were collected by a questionnaire
survey and analyzed by ordered logit model, Tobit model, and binary logit model. The
empirical evidence shows that school travel patterns do influence children’s social
networks. Generally, the more time and larger scale with peers are beneficial to social
networks, but accompanied by adults has negative influence to social networks.
However, it is not for certain, we can see some exceptions in the results that peer
scale’s effect on social networks is negative in to-school travel. These expectations
could be related to characteristics of samples, and need further researches to clarify

their reasons.

The contribution of this research lies in clarifying the influences of school travel
patterns on social networks, which bridges the gap of previous researches. According
to the results, accompanied by peers has a lot positive influences to child’s social life.
Therefore, this study recommends that school authorities can promote a policy like
“go to school with friends more” to encourage children to develop peer relationships

and social capability during school travels.

Key words: School travel pattern, Social network, Child
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RBTFIFAAT L A I o AMAFAEHRARRL R F ERIF RS
4% A9 3 13 gk F(Cairns et al., 1995 ; Salomon and Strobel, 1997 ; Gest et al.,
2003 ; Gest et al., 2007) > A d [ & ¢ B onddelp - AL g P RPF DD
oo

HS i ¢ 7 SRS ERTUR  tHm T RA 2T 2 S22
rreng i 0 b F F g7 e4(Salomon and Strobel, 1997) - iz 4 4 % 5 F L FJ s 1
TGy Moo ¥ ARMENWEMEY o FRT 2 e FS RN B
(group) » e+ 4 ¢ M & 45 e |2 %] 3 3 B4E(dyadic) (Coleman, 1961; Dunphy,
1963; Savin-Williams, 1979; Maccoby, 1990) > 2> 3 3 s %24 &2+ <~ §
o &S S B ¥ 25 ¥ AL R (Gest et al, 2007) » 7 i B4 ~ -] (group
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Abstract

As children’s journey to school is identified as the main travel of their everyday
life, it plays an important role in the development of children’s spatial cognition
through exploring the surrounding environment. This paper examines the
relationships between the development of children’s spatial cognition and their mode
of school travel. The sample data were collected from a survey in an elementary
school in Taoyuan, Taiwan, and the sample was made of 521 children aged 6 to 12.
The surveyed children were asked to construct cognitive maps of their journeys to
school and their home areas. Their mode of school travel, spatial knowledge, spatial
ability and representation of space were also recorded and assessed in the survey. This
study showed that children who traveled to school using active modes (e.g.,
independent walking or biking) performed better than children who traveled to school
using passive modes (e.g., carried by car or motorcycle) on spatial cognition. Also,
the way in which children mapped space showed a positive correlation with their age.
The results show that spatial cognition does vary with different modes of school travel.
These results are discussed in relation to the implication and strategies in developing
spatial cognition of children.

Keywords: Spatial cognition, Journey-to-school, Travel mode, Cognitive map,

children
1. Introduction

Research on children’s spatial cognition has been of interest to geographers
(Kitchin, 1996; Matthews, 1986) and psychologists alike (Hart and Moore, 1973;

Joshi et al., 1999). In addition, many researchers in the area of spatial development
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have focused on the relevant aspects of spatial skills (Joshi et al. 1999), spatial
knowledge (Ahmadi and Taniguchi, 2007; Joshi et al., 1999), and representation of
space (Thommen et al., 2010). Through exploring and experiencing the environment,
children construct and form their spatial cognition. According to Piaget (1950), he
suggests that there are four developmental stages in his theory of spatial and cognitive
processing as children grew up: 1) sensorimoter stage, 2) pre-operational stage, 3)
concrete operational stage, and 4) formal operational stage. Therefore, children’s
journey to school, the same period of Piaget’s theory, not only plays a key role in the
development of spatial cognition, but is the first time to closely explore the
surrounding environment by themselves.

Many think that the environment shapes children’s spatial cognition in their
everyday life, especially their journey to school. Children travel to school five days a
week. On the way to school, children can interact with the environment to construct
the spatial cognition of the neighborhood by exploring its surroundings. Through
cognitive process, children transform what they see into their mind to form a
cognitive map representing their point of view of the world. In this regard, children’s
journey to school is important to the development of spatial cognition. However, it is
argued that whether the mode of school travel affects children’s spatial cognition.
Hillman et al. (1990) had noted how the escort to school and other destinations is
likely to hamper children’s spatial skills and their environmental knowledge. A long
period of accompaniment may delay the acquisition of spatial skills. In contrast, Joshi
et al. (1999) convicted Hillman’s assertion by stating that children’s journey to school
may not be as crucial as Hillman et al. (1990) proposed. Instead of travel mode to
school, freedom to travel without adult is predictive of environmental knowledge
according to Joshi et al. (1999). Opposing Joshi’s arguments, Rissotto and Tonucci
(2002) and Ahmadi and Taniguchi (2007) indicated that age and mode of school
travel are influential factors on children’s spatial knowledge. These studies showed
that children who walk to school have more opportunity to explore their environment
and understand it better. Hence, according to previous studies, the relationship
between mode of school travel and children’s spatial cognition needs further
clarification.

This paper investigates whether modes of school travel have an effect on
children’s spatial cognition in elementary school. In addition, it also examines how
different styles of school travel including active mode vs. passive mode, dependent
mode vs. independent mode, and motorized mode vs. non-motorized mode influence
children’s spatial cognition. Based on Mondschein et al. (2010), mode of school travel
can be divided into active mode and passive mode according to cognitive travel style.
If children have the “wayfinding” action when they go to school, then it is active
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mode of cognitive style, for example walk alone, bike alone, and take transportation
alone to school. In contrast, when children do not have the “wayfinding” action on the
journey to school, it is called passive mode like taking school bus, walking, and
biking with parents. Mondschein et al. (2010) found that people using active mode
made more accurate estimations of distances than people using passive mode and
people who walked actively performed better on spatial cognition. With parent’s
accompaniment, the opportunity of exploring the environment is greatly reduced
because children pay less attention to what happened around them by only following
the footprints of their parents. Children without accompaniment have to go to school
independently. Recognizing and learning routes on their own especially with no help
are necessary to children on the way to school. Moreover, after school, they also have
more freedom to explore the surroundings. Distinguished by accompaniment, going to
school without accompaniment is called independent mode no matter what mode of
school travel is; whereas, going to school with accompaniment is called dependent
mode. Rissotto and Tonucci (2002) found that children who walk to school alone
preformed better on spatial representation than children who walk to school with
parents’ accompaniment. Mode of school travel can also be classified into motorized
mode and non-motorized mode. For instance, motorcycle, car, school bus, and public
transportation are motorized modes; otherwise, walking on foot and riding a bike are
non-motorized modes. Ahmadi and Taniguchi (2007) showed that children walking to
school had better spatial knowledge than children driven by car with their parents.
Thus, this study is concerned with different modes of school travel that affect on
children’s spatial cognition.

Focusing on the discussion above, the aims of this paper are to investigate
different modes of school travel on the journey to school and to identify spatial
cognition of children aged 6 to 12 from their cognitive maps. The spatial cognition
including spatial knowledge, spatial ability, and spatial representation are assessed in
this research. In addition, other influential factors are also considered like age, gender,
weight status, freedoms, locality, parents’ education, and annual income. In other
words, are the differences the result of cognitive developmental differences between
children in different modes of school travel?

2. Method
Participants

The study was carried out within an elementary school in Taoyuan. A total of
521 children, aged 6 to 13, were agreed to participate the investigation. Children
within this age range were chosen based on the theory and literature of spatial
development. In order to avoid unnecessary bias, 32 classes were selected by random

cluster sampling and were evenly distributed in all grades. Moreover, the number of
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students per class was in the range of 15 to 25, except for two classes respectively in
the second grade and the fifth grade. To resolve this problem, two more classes were
chosen from the second grade and the fifth grade to adjust the average numbers of
students in every grade. This school was located in residential areas in towns and
covered an area of approximately 6000 11, the largest elementary school in Taoyuan.
Within large school district, this school had a well-defined neighborhood which was
appropriate for the diversity of travel mode.

Children and their parents were invited to complete a questionnaire concerning
child’s mode of school travel (journey to and from school); distance of journey to
school; extra physical activities; numbers of travel experiences; numbers of stop after
school; and the extent to which the child is accompanied on out-of school activities.
The completed questionnaires returned at a rate of 61%. The modes of school travel
were investigated in different categories: walking alone, walking with an adult, biking
alone, biking with an adult, taking transportation alone, taking transportation with an
adult, motorcycle journey with an adult, car journey with an adult, and journey with
daycare. Also, participants were of differing age, gender, annual income, parents’
education, and locality. A check of home addresses disclosed a scatter throughout the
local area in order to attain the accurate distance of journey to school.

After completing the first questionnaire, children were given the second
investigation of spatial cognition with their parent’s permission for their child to
participate in the study. The instructional set was phrased with phonetic symbol that
the youngest children were able to understand the context of asked items. The whole
project took 40 minutes to complete and children were informed that they were no

pressure to answer the test and that no assessment was involved.
Materials and procedure

A wide range of techniques have been used in previous studies to investigate the
spatial cognition. In order to understand the spatial cognition comprehensively, the
measures selected for this study to reflect three aspect of the spatial cognition. Spatial
knowledge was measured in terms of understanding of the space of the local area.
Spatial ability was measured in terms of performance on abstract tasks, and
representation of space was measured in terms of representations of the environment

children explored daily.
Spatial knowledge.

The measure assessed children’s knowledge of local area by estimating the
distance of specific landmarks. There were five particular landmarks selected by

different purposes of use like transportation, recreation, activity, culture, and
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education. Children were asked to estimate the distance from school to those five

landmarks respectively. Responses were scored on the deviation of the distance (m).
Spatial ability.

The measures investigated two tests of the ability. One was the pertinent use of
the environment (Locating North), and the other one was the general test of spatial

ability (a test of mental rotation).
Locating North.

This test assessed children’s knowledge of compass direction. According to Joshi
et al. (1999), this was the ability of locate north. Compass knowledge was taught in
the third grade of elementary curriculum. In the test, an unmarked circle was printed
in the paper also with an arrow pointed out West. Children were asked “Which way
do you think is North?”” and required them to draw another arrow pointed out North.
Answers were scored from 0 (correct to indicate North) to 180 degrees (indicate
South).

Mental rotation task.

This task was modeled on Peters et al. (1995) mental rotation test. With author’s
consent, the task was held following by the instructions to assess children’s spatial
ability. In the MRT, a drawing of a target figure is on the left and four stimulus
figures are on the right. In all problems sets there are two figures on the right which
are rotated versions of the target figure, and two figures which cannot be made to
match the target figure. Children were asked to circle the both of the correct answers
to get a point for a problem. A single correct answer or a correct and an incorrect

answer do not count. The task is with 24 problem sets and scores from 0 to 24.
Representation of space.

The method of cognitive map was used to investigate children’s representation of
space. Children were given an A4 sheet of paper and were asked to draw a map of the
route to school and the area around their school and home. Moreover, they were told
that they could label the landmarks they knew as much as possible. The cognitive
maps were scored seven features: numbers of landmarks, numbers of routes, numbers
of regions, orientation of the route, structure of the route, numbers of places, and the
total scores. According to Rissotto and Tonucci (2002), orientation of the route was
analyzed by the location of the home that child drew. Compared with the position, the
routes could be indicated top/bottom and right/left. Each direction was coded with

points (erroneous=1/correct=2). Furthermore, orientation was compared between the
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routes child drew and the routes in reality, obtained by reversal/rotation. The routes
with reversal/rotation scored 1, and the routes with no reversal/rotation scored 2.
Hence, the orientation score was on a scale ranging from 6 to 3. Structure of the route
was analyzed by the real route as far as proportionality among the different segments
and the number of corners. A classification erroneous=1/correct=2 was used for each
variable. Thus, structure of the route scored between 4 and 2. Places were scored by
each place indicated in children’s maps like objects, natural features, human, and
animals, but except for landmarks. The performance of cognitive map was also
assessed by the total scores which summed all points obtained by numbers of
landmarks, routes, and regions, orientation of the route, structure of the route, and

places.
3. Results

The statistic analyses were performed using SPSS version 17.0 statistical
software. A series of linear regressions were used to investigate the relationships
between mode of travel to school and spatial cognition. The regressions were adjusted
for age, sex, height, weight status, travel times, type of travel, freedom, extra-physical

education, parents’ education, annual income, and the distance from home to school.

Table 1. Linear regressions on children’s spatial cognition

Mode of travel

Active Independent Motorized
Dependable variables mode mode mode
Spatial knowledge 130.13(0.57) 122.09(0.59) -26.92(0.9)
Spatial ability
Locating North 0.36(0.73) 0.29(0.78) -0.13(0.89)
Mental rotation task 0.60(0.57) 0.52(0.62) -0.34(0.72)
Representation of space
Numbers of landmarks 0.03(0.66) 0.03(0.41) -0.06(0.31)
Numbers of routes -0.03(0.45) -0.03(0.38) -0.001(0.96)
Numbers of regions 0.000(0.97) 0.002(0.83) -0.005(0.45)
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Orientation of route 0.036(0.01) 0.039(0.01) -0.03(0.04)

Structure of route 0.037(0.002)  0.038(0.002)  -0.003(0.76)
Place 0.138(0.045)  0.125(0.068)  -0.046(0.37)
Total score 0.282(0.026)  0.267(0.036)  -0.248(0.029)

*P values are shown in parentheses.

Table 1 shows that orientation of route, structure of route, place, and total score of
representation of space were predicted by different kinds of travel modes. Orientation
of route was a significant factor in the prediction of the active mode and independent
mode positively (p<.01). However, orientation of route was negatively correlated
with motorized mode (p <.05). Active mode was positively correlated with children’s
performance on structure of route (p<.0l). Also, independent mode was positively
correlated with children’s performance on structure of route (p <.01), but motorized
mode was not. Children’s use of places was positively correlated with active mode (p
<.01) and independent mode (p <.05). Total score of representation of space was
positively correlated with active mode and independent mode, but was negatively
correlated with motorized mode. Figure 1 shows the examples of maps in different
grades. Older children performed better than younger children on drawing landmarks
and routes. Therefore, children mapped space showed a positive relationship with

their age.

122



The third grade: low scores of cognitive map




Figure 1. Children’s cognitive maps of the area around the school and home.

4. Discussion

In the study, representation of space was positively correlated with active mode
and independent mode, but was negatively correlated with motorized mode. Hence,
this study shows that spatial cognition does vary with different modes of school travel.
Also, the results support the idea proposed by Hillman el at. (1990) that traveling to
school by motorized modes, and traveling to school with accompaniment are
disadvantaged to children’s spatial cognition.

However, spatial knowledge and spatial ability were not predicted by any kind of
travel mode. The scores of mental rotation test, though, increased with children’s age.
Older children got higher scores than younger children did. It is likely that spatial
ability is determined by the natural conditions and modes of travel just have little
effect on spatial cognition. Spatial knowledge was measured by the test of estimating
distance. The landmarks are scattered around the city so that children probably have
little opportunity to explore those locations. Without knowing the landmarks, the
distance children were asked to estimate was then not a significant variable.

Although the results showed that different modes of school travel do influence
children’s spatial cognition, there still needs further examinations. This study did not
concern children’s and parents’ attentions of stranger and traffic danger. Moreover,
physiological effects on children’s spatial cognition were not investigated. Children’s
spatial cognition has both congenital impact and acquired impact. Mode of school
travel is the acquired impact to spatial cognition. Therefore, it will be necessary to

study the congenital impact on children’s spatial cognition.
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Abstract

Commuting with peers during school travel does some social benefits to children.
With friends’ accompany, children can chat with them, sharing school life, personal
feelings and even secrets; therefore, it might strengthen children’s social networks.
Previous researches focused on safety and physical health of children during school
travel, but studies of social domain were quite few. This study links the relationship
between school travel patterns and social networks of children.Based on literature
review and interviews, we select important influential variables to children’s social
networks as control variables, which includes physical, psychological,
appearance/performance, family relationship, and socioeconomic statuses. In social
network studies, Social Cognitive Map (SCM) is a well-used method to find who
children’s best friends are, and then build the network. Social network indicators like
size, in degree, eigenvector centrality and core/periphery are used as dependent
variables. Sixth grade students are selected from an elementary school in Banciao,
Taiwan. Data are collected by questionnaire survey and analyzed by linear regression,
truncated regression, and binary logit model. We aim to test four hypotheses; the first
is that who commute with children would influence children’s social networks.
Second, morning trip to school and afternoon trip to home or cram school are
different even with the same accompany because time pressure is higher in the
morning. Third, how many accompanies does a child has may influence the size of
one’s social networks. Results show that traveling with peers is beneficial to

children’s social networks, especially during afternoon school trip.

Keywords: Social network, School travel pattern, Children
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The past transportation studies mostly regarded children as non-active actors and
focused on adult researches. However, since children can choose who to go with
when travel between home and school, different choices, indeed, influence children’s
health and social networks.

Previous researches have shown that walking and biking are beneficial to

children’s physical health, such as better cardiopulmonary function and less obesity
(Boreham and Riddoch, 2001; Sirard et al., 2005; Tudor-Locke et al., 2002 ; Cooper et

al., 2003 ; Cooper et al., 2005). The influences of transportation mode choice on
physical health have been broadly studied and came out with convincing outcomes.
On the other hand, some researches have suggested that children who walk or bike to
school have greater independence and more opportunities to interact with their peers
and build up their social relationships (Dora, 1999 ; Collins and Kearns, 2001; Davis
and Jones, 1996; Timperio et al., 2004).

Social network is very essential for children’s life. The term, “social network” is
defined as the unit of the social structure that comprises all social contacts of a person
(Salomon and Strobel, 1997). It refers to all the interpersonal social relationships and
individual entertains with significant others in his environment (Salomon and Strobel,
1997). Children rely on interactions among peers and playmates very much (Ascher,
Renshaw and Geraci, 1980). Those who with better social networks have fewer
behavioral problems (Feiring and Lewis, 1988) and fewer mental disorders in adult
life (Cowen, Pederson, Babigian, Izzo &Trost, 1973). Moreover, they receive more
support from friends when they encounter problems which they are willing to share
with friends particularly.

Although the possible influences of transportation mode choice on social
network have been addressed, the linkage between school travel patterns and social
networks has not been established yet. Furthermore, present children researches arere
focusing on Europe and North America, and local study in Taiwan is pretty rare.

This study attempts to explore how school travel patterns influence children’s
social networks, and fill up research gaps both overseas and within Taiwan. With this
research, we are looking forward to providing parents, teachers and school authorities
with a modest concept of children’s social networks under the influence of school
travel patterns, and enabling to make some adjustments, suggestions or more serious

concerns to those children who lack social supports.

2.Literature Review

Daily commuting between home and school is the most common time for
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children to travel. Particularly, what school travel patterns do children choose has
some relationships to their social life. The studies of children’s social network were
broadly investigated; nevertheless, researches on school travel patterns and social
networks are few. Thus, this research determines to identify the relationship between
social networks and transportation mode choice of children more clearly.

The following literature review includes two topics. First, researches on social
networks of children are reviewed, which include the essential factors influencing
social networks. In the second part, we review previous researches on school travel

patterns and social networks.

Social Networks of Children

Studies on social networks of children have pointed out that gender, age and
academic performances would affect the condition of their social networks. During
childhood, boys and girls would build their small groups with the same gender and
they would make friends with those of similar personality (Moreno, 1934; Sheif and
Sheif, 1953). And girls made more affective associations than boys, which may have
to do with girls find it easier to seek help and emphasize relationship (Salmon and
Strobel, 1997).

The result framing same gender groups of boys and girls is also found in other
studies, and some of them have discussed the group size of different genders.
Evidence has shown that boys tended to build same-gender groups, whereas girls
made dyadic groups with the same gender (Coleman, 1961; Dunphy, 1963;
Savin-Williams 1979; Maccoby, 1990). Gest et al. (2007), however, conducted a
research using a five-year longitudinal study, and found that no significant differences
between building groups or dyadic groups among genders.

The age of “children” in these relevant studies ranged from nine to thirteen years
old (Cairns, 1995; Gest et al., 2003; Gest et al., 2007). The reason for collecting
samples during this period is that it is the time for children to graduate from
elementary school and begin their junior high school life. During this transition period,
the social networks are rebuilt significantly and the variances of difference are more
apparent. Another reason is that, as the children grow, they are more likely to identify
with smaller groups among their social networks (Gest et al., 2003).

Besides gender and age, academic performance was taken into account. Salmon
and Strobel (1997) found that no matter what background children had, those with
poor grades would suffer from the difficulties in building social relationships, and
would gain less support from family and friends. Social economic status was tested in
this research, but did not come out with significant difference.
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Ways to collect social networks data vary in the reviewed researches.
Questionnaire (Salmon and Strobel, 1997), and Social Cognitive map (SCM) (Cairns
et al., 1995; Gest ,2007) are used, and deep interview might be included. SCM was
designed by Cairns (1989) and has been verified as an effective way to collect social
network data. Gest (2003) compared results between direct observation and self report
on SCM.

Simple descriptive statistic was used in some researches (Cairns, 1995; Salomon
and Strobel, 1997); however, the insight of the social networks structure is limited.
Gest et al. (2007) presented some network indicators calculation, such as density,
reciprocity, transitivity and status hierarchy, providing an overview of networks

structure.

School Travel Patterns and Social Networks

By investigating the issue of transportation mode choice and physical health, the
importance of social relationship among children was recommended for future
research.

Davis and Jones (1996) conducted a research of children’s public health in urban
environments in UK. They referred to the previous research of Homel and Burns
(1989) and concluded that neighborhood child density and streets were two major
variables when measuring the wellbeing and adjustment of children. Dora (1999)
agreed with the claim that busy streets were influential to children’s social life. She
addressed that children were impeded by busy streets so they relied less on walking
and cycling and therefore decreased the opportunity to socialize with friends.

Timperio et al. (2004) studied perceptions about local neighborhoods and
walking and cycling among children in Australia. This study found that walking and
cycling in the local neighborhood may enhance social development of children, as
well as gaining more independence, improving self esteem and making social contact
with members of the community.

Besides transportation mode choice, who accompanied a child with is another
part of school travels. The conditions of accompany can include alone, with siblings,
with peers and with parents/elders (Mackett et al. 2007; Romero, 2007). Being alone
or with peers and siblings has more intendance than with parents or elders. Children
can think deeply alone (Romero, 2007) and increase the interaction opportunities with
peers (Mackett et al., 2007; Romero, 2007; Brown et al., 2008). Romero(2007)
showed that “chatting with classmates” during school is more interesting than looking
at buildings on the street or pedestrians. Moreover, going out without elders can
demonstrate children’s adventurous attitude in playing, friends’ interaction and local
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environment. They will go to friends’ home more often, have better social
lives(Mackett et al.,2007) and more friends(Brown et al., 2008). The previous studies
have shown interests in this field, nonetheless, the same influence in daily travel
between home and school is seldom considered, which takes up more of children’s
lives. Moreover, the idea of school travel patterns might influence social networks has
not been supported by empirical evidence. Most of the previous studies mainly
focused on relationshipes between transportation mode choice and social domain, and

this is the theory gap that this research attempt to address.

3.Method

Data

Children are the main object of the research, and since it is a case study of
Taiwan, we choose the largest number of elementary school students in Taiwan,
which is New Taipei City. Within it, Banchiao district has the largest number of
elementary school students. Since we also need to consider the convenience of the
transportation and Haishan elementary school can be arrived by MRT and four lines
of bus, and the scale of the school is at the top ten among New Taipei City.

Taking the efficacy of the questionnaire, we choose all sixth grade students in the
school, which have 16 classes, 606 students. Before investigating, children and
parents are well-informed, and ask for their willingness to join the research.

The gross response rate is 67.33% (408 questionnaire received). Deleting some
questionnaires that are not reply consciously, the final effective rate of response is
92.65% (378 questionnaires).

The first important issue of the research is how to collect data of school travel
patterns, social networks, and other essential influential variables. We used two
materials to collect data; one is self-designed questionnaire(see Table 1.), based on the
literature review, physical factors (sex, BMI), psychological factors ( Big Five,
aggressive  characteristic), performance(score, body odor, talent), family
factors(two-parent family/non two-parent family, independence, parents’ discipline),
social economic status( family yearly income) are influential to social networks.
Moreover, Elementary students self concept scale (Hou and Wu, 2000) is scale
created from Taiwan’s norm, using samples from fourth grade to sixth grade. It
measures children’s self concept in five fields, including family, school, appearance,
body image, and emotion. We will also use it to know more about the general of
children’s psychological condition. Moreover, personal interview will used before the
investigation of the questionnaire, and 8 sixth grade students in the same class in
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Haishan elementary school are invited.

Social Network Indicators

Social Cognitive Map (SCM) is a well-used method to find who children’s best
friends are (Cairns et al., 1995) by nominating their best friends’ names. In the
questionnaire, nomination of classmates is required, and we transform into NxN
matrix within each class (N is the total student number in one class), and record in 0
and 1. 0 represents no nomination, 1 represents nomination exist. Each class will
resemble as unit in networks, therefore we will have 16 networks here. The research
use UCINET (a software of analyzing social networks) to calculate relevant social
indicators.

We measure the size, in degree, eigenvector centrality, and core/periphery as

indicators of social networks, and the reasons are as follows.

Table 1. Contents of Self —designed questionnaire

Self —designed questionnaire

D.v  Nominate your familiar classmates in your class(Max 16).
Nominate your “best friends”’(Max 5).

Nominate who you go to school, go home with in single travel.

T.v  to-school mode choice walk, bike, motor, car, bus, MRT
to-home
accompany alone, peers or neighborhood children,

siblings, parents and elders

Travel
time(min)

Non Physical What’s your sex?

T.v How tall (cm) are you? How weights are you (kg)?
Outgolng® outgoing, vigorous, brave, energetic

Consciousness®  hard-working, careful, well-planned,
spontaneous, diligent, responsible,
determined

Neurotic® easily being angry, worried, troubled,

Table 1. Contents of Self —designed questionnaire (continued)

Self —designed questionnaire
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Meurotic? dpressed, willful ,emotional

Openness/IJ*  flexible thinking, studious, brain storming,
creative, adjust to changing circumstance

Aggresalve® arbitrary, cunning, rebellious, bully, playful,
carelessly

Performance Please write down your latest monthly test mean score.
I am hated because my body odor®
I am hal am llked because | have many talsmts.®

Family My family is two-parent family or non two-parent family.
My parents allow me to go out freely.®
The dizcipline style of my parents iz hard.®

Social status  How much money does your family earn yearly?
Below 427,074; 427,075-739,504; 739,505-1,1010,073;
1,348,635-2,056,420, above 2,056,421 (NTD)

D.v dependent variables.
T.v travel pattern variables.(independent variables)
Non T.v Non travel pattern variables. (Confounding variables)

a Measure by five point scale.

Size is a basic descriptive measure, representing “how many friends you have”,
and it can be related to the nomination numbers. In degree is calculated by how many
people nominate you as their friends, and it can represent the popularity of a person in
a group. Centrality describes the importance of a node (person) in a network,
representing popularity too. There are different centrality indicators and have different
emphasis dimension. Eigenvector centrality is an indicator to solve the lack of degree
centrality and can take the importance of good friends’ friend into account. For
instance, if my friend is a hot property, even if my friends are few, I can gain my
importance in the networks because I am a friend of him/her.

Strauss and Pollack (2002) suggest that the number of friends that overweight
people keep does not significantly lower than others; however, they are easily to be
isolated in a group. Core/periphery represents that each node in a networks and be
divided into core or periphery, based on the linkage of networks. It’s a good indicator
to describe isolation situation.

Furthermore, P, value is calculated as follows:
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p,— HcEE 1
o= = M

Nqz: number of accompany friends
Negz: number of best friends and also accompany friends.
The meaning of P, is to capture the possibility of making close friends during
school travel.
To sum up, we obtain size, in degree, eigenvector centrality and core/periphery
and P:as social networks indicators in this research. And size and in degree will be
influence by the number of each network, in order to be even, size and in degree will

divide the number in each networks. (size/n, in degree/n).
Hypothesis

According to literature review and personal interview, this research generates
four hypotheses (Table 2.). In H,, according to previous literature review,
transportation mode choice affects physical health, but less to social networks;
nevertheless, the condition of accompanied person has more social meaning for
children. Children who are accompanied by peers spend more time with them and can
have more interaction opportunities. For those who are with siblings, parents and
elders can’t interact with others freely because of lack of privacy and independence.
The aim of H, is to distinguish different effect of to-school and to-home travels in
H,.Owing to different pressure during travels, children will feel more pressure in
to-school travels for some reasons, such as being late, low energy, haven’t eaten
breakfast, clean chores, preparing morning tests and so on. So we assume that to
school travel has little influence in H,.On the contrary, reasons that the time pressure
of to-home travels is less and having more sharing topics after a day in school enable
children to interact much more dynamic; therefore we assume that to-home travels has
greater effect in H,. In Hy, we assume the larger the scale of accompanied numbers
is, the greater interaction chance in single travel children have. Size/n and in degree/n
can resemble the “scale” of social networks so we assume it has a positive effect on
size/n and in degree/n. In the personal interview, interaction time in school travels and
between classes is different. During school travels, children will talk about more
personal and deeper topics, even share secrets with others. Moreover, commuting time
of each child is different, even on the same way of the trails. So we assume that time

with peers during school travels has a positive effect onFPy.
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Table 2. Four hypotheses of the research

Hypothesis Continents

H, The condition of accompany during school travels will influence
children’s social networks significantly.

H, Under H1 is supported, there are difference between to-school and
to-home travels.

H, The peer scale during school travels has a positive influence on size/n
and in degree/n.

H, Time with peers during school travels has a positive influence onP,.

Analytical Methods

Cooper et al. (2003), Mackett et al. (2005), Romero(2007) and Zwerts et al.
(2010) have investigate the relevant topic about transportation mode choice or pattern
and social networks by descriptive statistic and t test in Mackett et al. (2005).
Nonetheless, in order to build influential connection between transport pattern and
social networks, regression models are required.

Due to different data structure, we use different models to adjust coefficient to
test hypotheses. The value of size/n, in degree/n and eigenvector centrality are
between 0 and 1, and 0 and 1 are included, Tobit model is used to analyze such kind
of data. Core/periphery is made up by two categories, core(y=1) and periphery(y=0),
and binominal logit model is suitable to apply. Basically the value of P is between 0
and 1, and 0 and 1 are included; however, owing to limited nomination (Max 5 best
friends and 5 accompany friends), so the value of P.can be categorized into 11 values,
and it is not proper to use Tobit model to adjust. Ordered logit model is for
categorized data, so we use ordered logit model to adjustPy.

To identifyH,, we put emphasis on school travel patterns variables which are
significant only in to-school or to-home travels. However, to-school and to-school

peer scale variables are both significant, one-sample t test will be used to test H,.
4.Results

The Limdep 8.0 package with the NLogit 4.0 module was used for model
calibration. Table 3 lists the calibration result of size/n. The base model, considers
only control variables, and the expanded model considers both control and school
patterns variables. Since the expanded model Rizcouposmon (0.431329) is clearly

larger than the base model Rizcomposrom (0.199298), school travel patterns
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variables contributes significantly to expanded the size/n of social networks. Table 4
and 5 lists the calibration result of in degree/n and eigenvector centrality. Since the
expanded model REzouposmron (0.404146; 0.421155) is not clearly larger than
the base model REzcomposmron (0.404377; 0.421281), the inclusive of school travel
patterns variables doesn’t make significant difference from the base model.

Table 6 lists the calibration result of core/periphery. Since the expanded model
£2(0.217392) is observably larger that the base model p* (0.160197), school travel
patterns contributes significantly to explaining core/periphery in social networks. One
of the basic model coefficients of inclusive values is insignificant, but the expanded
model improves the significance greatly by including it. And the value of
x* in expanded model (66.65322) is substantially larger that the base model
(49.11681).

Taking size/n as a dependent variable, to-school peer scale and to-home peer
scale are significant at the same time, and the same situation can be seen in
accompanied by elders in core/periphery. The result of t test shows that to-school and
to-home group doesn’t significantly different from others in size/n ( =-0.798, p<0.01)
and core/periphery(t=-0.225, p<0.01).
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Table 3. Calibration results of size/n Tobit models

size/n
Base model Expanded model
Coefficient T-value Coefficient T-value
Variables
Constant term -0.21608643  -3.335**  -0.20104035  -3.192**
Sex(male) -0.08266501  -6.038**  -0.07466235  -5.456**
Score 0.00398064  6.042%* 0.00412430  6.395**
Outgoing 0.01136888  5.910%* 0.01005589  5.304 **
to-school with elders -0.03547800 -2.570%*
to-school peer scale -0.09163338  -3.804%**
to-home peer scale 0.01031172 2.403*
to-school time with peers 0.00649992 2.788%*
Rivova 0.191540 0.003236
T — 0.199298 0.431329
Notes:**significant at =0.01 ; * significant ate=0.05
Table 4. Calibration results of in degree/n Tobit models
indegree/n
Base model Expanded model
Variabl
aranies Coefficient T-value Coefficient T-value
Constant term -0.42500249  -5.766**  -0.43427548  -5.929**
Score 0.00460327  6.380%** 0.00460388 6.430%*
Amiable 0.00826011  3.950%**  0.00797064  3.837%*
Outgoing 0.00997109  4.319** 0.00975004 4.254%*
Consciousness -0.00532663  -2.870**  -0.00503300  -2.729**
to-school by walk 0.03790892  2.524%
Rivova 0.003685 0.004130
T —— 0.404377 0.404146

Notes: **significant at
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Table 5. Calibration results of eigenvector centrality Tobit models

eigenvector centrality

Base model Expanded model
Variables Coefficient T-value Coefficient T-value
Constant term -0.06915955 -7.219%* -0.06366925 -6.698**
Sex(male) 0.00236801 5.144%* 0.00233854  5.194**
Score 0.00605103 4.193%* 0.00518985  3.665**
Outgoing 0.00057600 2.834%* 0.00062210  3.154**
Emotional -0.06915955 -7.219%* -0.06366925 -6.698**
to-school with elders -0.02272462  -2.357*
to-school peer scale -0.02843219 -3.233%**
to-home time with 0.00065601  3.509**
peers
S 0.001614 0.001765
T —— 0.421281 0.421155

Notes: **significant at «=0.01 ; * significant ata=0.05

Table 6. Calibration results of core/periphery binary logit models
core(y=1)/periphery(y=0)

Base model Expanded model

Variables Coefficient  T-value Coefficient T-value
Constant term -6.16474324  -3.331** -7.01127083 -3.370%*
Sex(male) -1.12532153  -3.641** -1.04909493 -3.146%*
Score 0.04580581 2.549* 0.05417874 2.728%*
Independence 0.24771520 1.921 0.24411769 1.792
Talent -0.43132816  -2.742** -0.41338838 -2.519%
Amiable 0.08349496 2.364%* 0.09366132 2.525%
Body image 0.01336449 2.274% 0.01536971 2.406%*
to-school walking -1.03251221 -2.212*
to-school with elders -1.55383848 -3.301**
to-home alone 1.12236852 2.168*
to-home with elders 0.98394234 2.029*
to-school peer scale 0.33229942 2.472%
o’ 0.160197 0.217392
ad} — @* 0.121058 0.145638
X2 49.11681 66.65322

Notes: **significant at «=0.01 ;

* significant ate=0.05
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5.Conclusions

Previous research show that transportation mode choice can affect children’s physical
health (Boreham and Riddoch, 2001; Sirard et al., 2005; Tudor-Locke et al., 2002 ; Cooper et

al., 2003 ; Cooper et al., 2005); however, psychological health, or namely social networks of
children, is also an essential part. There is some research of investigating the relationship
between transportation and social networks of children, but some of them use only basic
descriptive statistic method (Cooper et al., 2003, Mackett et al., 2005, Romero, 2007 and
Zwerts et al., 2010), so we just know some basic patterns of the transportation and social
networks; nevertheless, the relationship is waiting to be build, and this is the main topic of
this research.

According to the result, four hypothesis of the research are in some way being supported.
H, is supported by to-home with peers has significantly positive influence on P,, to-school
with elders has significantly negative influence and to-school time with peers has significantly
positive influence on size/n, to-school by walk has significantly positive influence on in
degree/n, to-school elders(negative) and to-home time with peers(+) in eigenvector centrality,
to-school with elders(-) and to-home peer scale(+) in core/periphery. H, is supported by the
previous result of
H,, and to-school scale(-) in eigenvector centrality, to-school by walk(-), to-home alone and
to-home with elders(+) in core/periphery are added. As forH,, it is supported by to-home peer
scale has a significantly positive influence on size/n.

H, assumes that time with peers during school travels has a positive influence onP,; however,
it is not supported by the result.

In short, the research finds out that school travel patterns will influence children’s social
network. Generally, the more time and larger scale with peers are beneficial to social
networks, but accompanied by elders has negative influence to social networks. However, it is
not for certain, we can see some exception in the result that go home alone and with elders has
positive influence to core/periphery.

And to-school scale with peers has negative influence on size/n and eigenvector centrality.

As for the significant confounding variables in the model, we find some results that are
against our expectation. Firstly, Openness/ 1Q in Big Five has negative influence on P,
Consciousness is negative to in degree/n and talent is negative to core/periphery. The possible
explanation for these is that these traits may be good to make friends with others or attract
others’ attention, but people might be hated if they are too shining and trigger greedy or
jealousy of peers. Moreover, we find out that sex(male) is negative in core/periphery, it might
convey an idea that the core of social networks of elementary school children falls upon girls,

because girls find it easier to seek help and emphasize relationship (Salmon and Strobel,
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1997).

The value of this research lies in building the influence relationship of school travel
patterns on social networks, which bridge the gap of previous research. According to the
result, accompanied by peers has a lot positive influence to children’s social life. Therefore,
we recommend that school authorities can promote a policy like” go to school with friends
more”, encourage children to build deeper friendships during school travels. It can not only
reduce the pick-up time of parents, raise the safety in travels accompanied by peers instead of

being alone, but also beneficial to children’s social life.
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