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Applying the Multidimensional Item Response Theory to Measure
Children’s Walking Ability to School

Student : Chiu, Mei-Chen Advisor : Dr. Chang, Hsin-Li
Dr. Yeh, Tsu-Hurng
Department of Transportation Technology and Management
National Chiao Tung University

Abstract

School children experience high traffic accident risk due to their lack of safe koowledge and
self-protection ability. Nowadays, many countries devote to promote the Walk-to-School
program; however, whether the children have enough abilities to face the complicated road
environments is doubted. Through the literature review to conclude the abilities that child
have to have, including switching attention, concentration, risk perception and roadway
crossing abilities and design questionnaire to collects a set of valuable information based on
the operational definition. To conquer the dispute about explaining and reasoning the results
of traditional methods that uses the ordinal scale as interval scale, the study tries to measure
children walking abilities by Item Response Theory to get more real abilities of children. The
Item Response Theory includes unidimensional, consecutive and multimensional models. The
study uses three models to measure-ablilties and compare the statistic of goodness-of-fit and

reliability of three models to get the best model of the study.

The study interviews the 9-11 years studends. Classifying contries and counties into three
categories and sampling based on the number of elementary students of each category. The
study collects 2453 samples from 10 schools. Then, exploring children’s switching attention,
concentration, risk perception and roadway crossing abilities and their correlations by Item
Response Theory and comparing the results with traditional methods. Furthermore, the study
uses one-way ANOVA and regression to discuss the influence of school and parental traffic

safety education on the walking ability.

The results can suppy to traffic safety education designer to design the suitable education,
allow the teachers and parents to know children’s lack of knowledge and skills and establish
the best strategy to improve children walking abilities. Further, the study provides more
information about abilities, the parents and teachers can train their children in different ways
according to how much abilities the children have already had. Finally, both school and
parental traffic safety education influence children walking abilities, but the influence level is
different. So the study suggests that the parental education should focus on training switching
attention and concentration abilities; school education should focus on training risk perception
and roadway crossing abilities.

Keywords: Walking Ability, Multidimensional Item Response Theory
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H L EHESITFEATE AR AHURE LR B SRR S BB
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52 % & -~ Consecutive 3 % » BH N2 TR ~ K 2Bk
PRGN ERVR

SV Y kG P BN B8 T L N2 48 ¢ 32 ConQuest ~ SAS
NLMIXED -~ STATA gllamm ~ MIXOR 2 MIXNO - #% @ Wang[79]i& J5 15 & 4 & * ‘5% pr
1 ConQuestit R 12 5 S HePs £ A A R TV Jeac A H # IRHAIE 5% 8] o efpt
Fop 3T it B B acis o b AR ;‘L" #-71* ConQuestiic #4 :& (7 $-#c i v - ConQuest
A4 Bock 2 Aitkin=gp 3 & + it F B i# (expected maximization algorithm) 2 5% i& {7 1#
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Hh AL GIERE S8 T HE* F e+ B2 2 (Monte Carlo Method) % & 7 4 4
(integration) °

AFFy L E e B s Consecutive 2 % wr & 038 A 47 A 0 AR 2 = SN
2 FERESEE B EERAZE R NEFAT BFRE L -
5.2.1 ¥ 7 S8 ficr &

5.1 52N E B A RBHRE G AN d A ¢ T E e B
FlH- 46 iF RAAL L W Bt - AEAL 4 0 T e 45 BAEP fﬂiﬁ}i Slico @ T R
FABPAEE FRE3BMESE 46 FF MK FRE 38 BFRESE VR
- Tl%%;'?'l—‘ﬁ—‘l’i’aié AR R R Ee RS E T RE 185 B S¥co

10513 PR G B A BE B R EE D R

st ¥R Consecutive(4) % # &
¥ s S B #ic 185 188 194
RS S
AP FELR 45 42 42
NP 138(46%3) 138(46*3) 138(46*3)
£ ipl % T g 1 4 4
%;P';ﬁs‘;*%?lﬁx 1 4 4
ZORE A R R 0 0 6

Consecutive 5% A #-46 F ;848 4 S 2 B G (& S 5 94L - SAE - 13412 19 40)ie
Fieis %yﬂf#m RARBE ML > FVEREG TR IR AR FIER Sdks 8 B ~4 B -
122 181 > % 42 BAEP FIEEA S8 % BiEs T3 - BXRlF Fon s B RA
FHEFRG -ﬂ e b 138 BPHESEc £ 3 188 B ERE Sk § @)ﬁﬁ—‘;‘ﬁ;féﬂ?ﬁi
Consecutive -3¢ i{fé_ﬁér}: AR FI 2 RGOBERREEH 2 ZRE 194
B ¥ o

522H5 N e RV IR

# 52 7 Hw R ~Consecutive 2 % o RN 2 N ERTH d 5 RN &
% %t (hierarchically)r ¥ = B o3V 4p M > Pl ¥ % IR Z & (DeVIaﬂCG)”:@%E AR A
ﬁ*’ A EAR A THSARE LT E-HRITARTFLHIELELTHTY @
ERWBTFZ HiBER 2 E v A B i R HERMR - MH o B2 59 R
W2 B ELB 8T Rm- pd AR5 91941852+ % Afie » A b2 HAMBLE S
1845413 » % T2 % 8T 005 FLFALA T » S AN FREI RV -

¥ ¢k » Akaike # P|(Akaike’s Information Criterion, AIC)¥ * % 2 % » B fic;\ &
Consecutive -3¢ » ¢ AIC E4% ] » 2 7 V4843 o d £ 527 v 5w &> 2 AIC &
# Consecutive -3¢ AIC & ] » % 77 % v & fic3% & Consecutive #-5% & o 2 F7 % %’ﬁd T A
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B P2 AIC B ZZ A2 G ERFRAE] FHRIAG LY 5o BN o

252 2G2S EER VR

st AIC G # of parameters
o B 272349.51  271979.51 185
Consecutive(4) 255102.24 n/a 188
e R 253895.38  253507.38 194

P aa e 2y a4 oy oo
B G s hiAE

AIC % Akaike’s Information Criterion

5.2.3 2 B

# 53 5 Hw & -~ Consecutive 2 % o BHir; 2 i Rdpdk - d 47 7wl o R0
- BEMG RIS 085 Consecutive #:52 5o RE L 4w ¥ F TR E
Consecutive %s‘f;‘ EHEw B RE AN 079086 2 B 5 % e RH L AR 4 B A

§

=\

0.85~0.93 z_ ¥ » v #i Consecutive Hie;t 2 5 % B ;8 ¥ 4 5+ B H57% i Consecutive s

11%);3?]3‘;;35; 5~9% 2 Fla QA MR AT RF R4 2w BiEe Bk A
mohoe B f"?iﬂiﬁié’»-ﬁ\i it~ + § > @ Consecutive -3¢ P B3R = l[#ﬁ-‘_\i a3
A2 o Bt AR 395 vt 2 5 (Speatman-Brown prophecy formula)i* ¥ % 1 &
12 Consecutive o8 B3 4rE M o BRGAFFL TR T H v 2 48P #ic> B %40k 53
Bt earT o HP Ui B 4 AT el Pk § o B iE 23 5\’ "R wedt
1248 cd 7P S AT Ew Al HMEEFRE VR CRHBELRE Y
WA FIRED ~ 5 T EHEEFRSLAD E rﬁi%él,‘%’iﬁ'l'%ziwf_ lfgmi‘a"téﬁé_ﬁ AE I
BRIT] 2RI

~‘m

P
Ak
\
=

)
X

FRARL 2 AR R Sl e B R AR AR
RESEFEAWREY T B S AN TS TR L A% A
Bﬂﬁ&%&~£ﬁ&%&%&££Mﬁﬁ4%&1&@0

% 53 Hw & - Consecutive 2 % v RH52 v Bipd & R4tk

R () PSR w R wR B R TR e M A PIBR
(48) (Consecutive) (5w &) (Hw &) *5(%) £ &RGD
VERD W Av\*l(?fifi 9 0.80 0.84 NA 5 3.99
AR A 5 0.79 0.85 NA 8 1.68
b& R aAy 13 0.84 091 NA 8 11.75
W5 B 19 0.86 0.93 NA 9 23.07
SR | 46 NA NA 0.85 NA NA
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#3& % Infit 2 Outfit HMNSQ 3 5 % ™ pF > 12 Infit 5 MNSQ Z o2& > Flpt 287§
M iET % 18 48 -

S RT3 2P TR EERR AN
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%55 FALM P TR &R

I . Y R
%i e AR ITC  CITC
A LITARR

ad6 FABFEFLEARTE 0.65 -0.06 -0.11
ad2 A FEEE - R 0.35 -0.11 -0.16
ad8 H#AREFFE 0.30 -0.06 -0.12
ad9 FARFGH S 020 -0.00 -0.07
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as3 R kAP RAEHILTG A4E - 0.18 0.53 049
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