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Introduction Attitudes, Beliefs and the Theory of Planned Behaviour Cross-sectional Decision Model and SEM for Data Mining
Thls presentation ShOWS an attempt to measure and relate The TPB provides a rational actor theory to model intention that leads to choices. It includes a Previous I??dels proxiideft}}lle l;lgelrglt %r}lld If)vredlctle):dlattltudmal factors nee(lied ;0 I1m.plemenF the )
environmental beliefs/concerns and attitudes about the car and the reference model to mediate the impact of beliefs using attitudes towards behaviour (ATB conceptual framework of the - the Tigure below presents an example of the integration o
. . . . b L b : > : : ( ) attitudes (PCA, TCA, TEA and PEA), the perceived utility of PT and self-declared satisfaction
train (as latent constructs) to the self-declared satisfaction in and a restriction model to mediate both social norms and control beliefs on perceived , : t’ ci e o ’f P e y ol lo and orelim
- - 1 - expectation of others and perceived control towards intention and the actual behaviour (e.g. 11 commuting to Model the use o Or comtnuting. 1t 15 d Simple and preiiminary
commuting .and th? percelved utlhty of transpo,rtatlon modes (latent) mode choice). Bamberg and Schmidt (1998) extended the TPB with a utility model that can snnu.ltane?ous integration of the four models of the TPB. Its overall adjustment to the survey
for commuting using a survey of Luxembourg’s cross-border handle the usual economic view of travel cost and duration. As satisfaction is a long-term data is fairly good (CF1=0.946; RMSEA=0.035; SRMR=0.025; R-squared 0.312), advocating
commuters. The main Obj ective 1s to 1llustrate the use of structural mediator of ATB, we further extent this utility model to include self-declared satisfaction in for the usefulness of the e?ctc?nded frame\yo.rk of TPB. External factors PrOYlded by the survey
- - - travel to define a latent factor of the perceived utlhty that mediates the impaet of preferenees) are used to SpeCIfy a restriction and a decision model. They are a combination of latent factors
equatlon models (SEM) as a data mining tool to unr.avel t,he restrictions and satisfaction towards behaviour and, in this case, commuting mode choice. and self-reported status of PT service at the work place and access to a dedicated firm car.
endogenous relationships among measurements, satisfaction and the
perceived utility within the theory of planned behaviour (TPB; Integration of the TPB and the + — — [t factors Satisfaction is needed SEM of :ez:-"sliaocr:‘rcr)nsos;?ctuonal i s 7ms
Ajzen 1991) conceptual framework. Shortcomings of the analytical utility to model mode choice | when dealing with T, o S e
: : : : K& 1 » S -~ i SRMR = 0.025
procedure and suggestions to enhance the integration of beliefs and | fﬁf:gfi‘fy chgllrfsﬁng s e
1 1 1 ” 1 Evaluation of Attitudes CarCost
attitudes are discussed. It identifies ways to improve measurement luatior towards tr y | because the impact of . :
of perceptual indicators and beliefs needed to 1dentify latent OREFERENGES MODEL attitudes and controls — . K Perceived Behavioural Control
sociopsychological factors and mediators that potentially condition evolve with 5. e S P
. o o 0 c -7 ’ R%=0.121*** ’ s Train Flexibility
mode choices for commuting on top of usual factors of socio- — ——— experience and habits, caests 4%/ / o,
. 5 o ado - . oy expectations of Social Intention (mode choice) evenmally leadlng to o & \
economic status, lifestyle, accessibility, parking availability/costs, " others normes . . / i 8 ——
. . . Motivation to comply | routine that hlghly Carsecure * \ Barceivad / . &
publlc transit service leVels, etc. D?J(:::ig‘n I condition the outcome Attitudes Towards the Behaviour / gzlligg?sfsljl EO? "t&
UTILITY MODEL (Gérling et al. 1998), - . o Ui
Ajzen, I. 1991. The theory of planned behaviour. Organizational Behavior and Human Decision Processes, 50, 179-211. ciﬁﬁ?tgzlﬂ ;ffs Pzgietir\:)eld — }_ o —! while accumulation of fpinComly \_*%0 ) ) é* 5, :gb?‘
unsatISfaCtory TrainRestful -« +0.46 TE/:’ Using PT +‘14*** Direct Train
RESTRICTIONS MODEL experience could lead /XQ_O;; R=0.312""* *0ge.
DECISION MODEL : TrainSecure #* irect Bus
Adapted from Bamberg and Schmidt (1998) to Change Of habltS. orect®
ili i i i . . rainSecure indi — e ——- M t del Signifi
The Survey (Mobility, Resources, Satisfaction, Attitudes) Confirmatory factor analysis (CFA) was used  The figure below shows an improved R Bogos s+ Meanrneriodos S
LISER (Luxembourg Institute of Socio- The map below shows the mode shares of public to summarize semantic differential scales setting of these attitudinal factors using SESEESNN =ndogenous indicator 405 " Preforences model Lo
Economic Research) conducted a self- transit (PT) according to home location outside using indicative models and define latent SEM to add two Likert scales on Predicted factor (latent) 105 Restictions model
0 o 5 0 o o +.05 *** ility m
administered 2-phase pencil-and-paper mobility Luxembourg and to work place inside Luxembourg. variables of attitudes related to appreciation of  environmental beliefs to define a Pro- Latent variable of attitude .05 - Do
survey among Luxembourg cross-border - . the car and the train. Factors scores of environment attitude (PEA) that influence
workers. The first phase was about the usual Because of long commuting distances, almost all trips measurements models provide a continuous the attitudes about transport modes. It uses — SEM for Data Minin
. . . 0 . 0 . . . . . 0.13
themes of a National Transport Survey. The ]ire mogijlze& Carsp(]gfi/.")’ t.ramf & /f’t)hand mlt(em:ly assessment of preconceived constructs based self-declared satisfaction of commuters to g ] . o g
Sec_oi}d phase \xéashcopcentrat1;1§ (1’_n ;ra"el rilcllsele(ki;z.anc??i, de ( 621‘55) Eivt%evisineegffgtrjn ] on the correlation of measurement indicators further calibrate the definition of attitudinal Thankslto ;}]136 1vr[namm;llm(1111ke11hooc! i
satistaction, and the impact ot beliefs, Taliis 0 ’ . . . . . . ' o principle, S can handle a matrix o
motivations and attitudes on mobility choices leaving a mere 27% access to active modes and 8% to keeping -thelr cOmMmorl .81g1‘1ature (congruence) facto.rs. The matt beneﬁt.of BB LIBTY o ‘st s relationships between variables and
and environmental concerns. city buses to access the departure station. Important and cutting off disparities in error terms. provide a preliminary estimate of four L s || o dicators to test a set of simultaneous
40,000 workers were selected at random within differences in mode shares occur among home This procedure yielded 3 attitude factors: 1) latent attitudinal constructs (PEA, PCA, - y, — equations that depict expected paths of
a commuting area that assumes one return countries of cross-border workers (see the figure the pro-car attitude (PCA); 2) the train comfort TCA and TEA) considering their mutual \ dependency. It handles endogeneity,
journey to work per day in France, Belgium and below) as well as betweeg work places, a large ' appreciation attitude (TCA); and, 3) a train links, thanks to the capacity of SEM to estimate latent constructs and can test
Germany. The sampling frame was controlled proportion of PT users going to Luxembourg City environmental friendliness attitude (TEA). properly handle endogeneity. for the existence of mediator variables.
for socio-demographic factors and stratified in (see the map below). . . SEM can be used as a data-mining tool
space (25 zones). The first phase (2010) Thanks to improvement of rail and intercity bus This validates the aiming at exploration of survey results.
attracted 7,235 respondents (response rate 18%).  services, PT ridership rose from 2007 to 2010, leading likeliness of a SEM of attitudes Measurement Model The top SEM on left puts the focus on
A second phase was undertaken in 2011 to to an estimated increase of train passengers (+3,200) relationship between o the endogenous core of relationships
enhance our understanding of the impact of afmd bt v ('+4’f'(1)101){' I\}Ij"e(jrthdess’ tusmg thehcar attitudes and self- made of mode-specific satisfaction, the
: S : i or commuting is still hi ominant among the ] , Beliefs about the Vo Hesenens o | koo e oo _ . ’
bﬁlléfS, mOthathﬂs andz attitudes C;)n mobility cross-border v% orkers degpit}é a fast decrease fgrom reported satisfaction, - (pm:;:;r;r;?::;ms) rmoe oo et G _f;j':‘";* o i <o perceived utility of PT and the use of
cnoices. It attracte 397 7 I(;espon ents among 91% to 86% betweel’l 2007 and 2010. but does not bridge é \g__ 3 TrainNoise [ECEERE T T A 041 — 041 Exogenous effecs * p<005 PT. Although not Su1tab1€ fOI’
those of the first phase (52% retention rate). the link with g R publication, this model is more efficient
intention or mode § Model to “predict” mode choice (R-squared
- - i Satisfaction
o trtes ™™ | Modeshares forcommutig oo fos % 038) than the above TPB model
" according to: home place work place g 122 Commuting. *0.25 i "O.é’)* st The mlddle SEM emphaSIZCS the
Wallonia @) 1 E _ T s s—— woaeae | endogenous core of attitudes and
[ ; S Bamber'g, S., Schmidt, P. 1998. ¥ (38) = 136; p<0.001 a;:g:;o SRMR ~0.022 . f . h o
— 5 40 Changing travel-mode choice as MSER S8 —00% ; " A Ri=ngas satistaction measurements showing
Belgium - - 2 2 rational chotee: results from a GrL 88 = 0958 § o, Y g perception/satisfaction of the train and
12% - 33600 T T o _ lgc?t%;;azlilzlyaafdegi?egnls() (23)% 223- R 0504 ﬁ m @ @ ﬁ the bus on the left side and
Eyend- o s e e s 252, - ; Mode measurements related to the car on the
alz B Train WBus M Car easurement Models
Internation?\ borders Géirling, T., Glllholm, R., Géirling, m— Endogenous indicator item Commuter satisfaction I'lght Slde. EXOgenous llnks aI'e kept 1Il
© St s s The recent evolution of Uheory in travel behaviour rescarch. om—s UIEICE QR e s s ey il med el vlile ueludtes Laito
G MadeiEh e e mOde Shares lncreases The Vahdlty of an interaCtiV_e L0.19 *** Structural model path — nt ) Exogenous latent attitude or belief . . - e Varlables Of attltudes Wthh are
‘ 10% - 31400 numbor of crossborderworkers | relevance of modelling the Lr;t:r;lrzv’:sl;?:tzif: té)sprleélglfizgr standardized coeficien Sonfnee oo A oo deemed personality traits that are
influence of attitudes and : s : | external to the transportation choice
beliefs on commuting i issue. It explores the differences
Saarland Garman choices. However, attitudes Varais W Pt S s cstins) o between the assessment of the car and
10% - 31 4¥)0 were surveyed only once, in . . e :: _; s s oo the train and identifies related
¢ 2011, impeding a Modelli ng the Perceived Util Ity T v SRS ot vt o PO% measurement items excluded from the
O longitudinal approach that CFA (R-squared 0.39).
- *_ o had beeln pretferred and limit The concept of utility 1s central to the transportation literature, considering the The bottom SEM relaxes the
“ ot v e A cost and duration of travel (and value of time) to compare modes. During the last & assumption tha; attitudes are L
" . : : : : : R .. Y to the t rtat
2 France between attitudes and decades, progress was made using multiple ways to integrate attitudes and socio- S e
; & 17% - 65300 G b e . d _ o _ i ] ) - 1ssue and search for internal
—— e At Scbsz CEPSNSTEAD 201 SO0 OIS, psychological context within various functional specifications of logistic relationships among PCA, TCA and

Several types of measurement instruments were

. . . . . c c c oa1C o c c o o C 1 1t v their 1 t

used to allow: for maximum flexibility in the Semantic differential scales permit direct in the specification of the utility assuming their role in the shaping of the utility NG ufilﬁtlynzﬂa;TO;ln A ihe
assessment of concerns about the environment and comparison of the car and the train using because attitudes about transport modes are qualitative assessments of their actual use of PT (R-squared 0.40).
beliefs about energy conservation (5-point Likert several criteria as illustrated in figures below suitability to support travel needs. The figure below shows a SEM model of That specification sheds light on

les, see the figure below for an example), g . .1 . . . . i iti
SC? - ﬁabﬂit e Sfﬁlienc for the speed, the cost and the convenience of perceived utility of PT that integrates attitudes, self-reported satisfaction, travel important oppositions (¢.g. TCA and
perception oOf su Y y y both transportation modes. . . . . . . PCA are inverse related) and
of transport modes (semantic differential scales, cost and duration with the mode choice as the outcome (multinomial logit). For congruences (TCA and TEA are

see the figure below), satisfaction in commuting

and travel (4-level bipolar scale, see the figure - commuting s eloballv hicher amone the are used to control for the eventual bias of differences in PT service levels. were hidden in previous models under
below), pull factors to use public transit uting 1s g y g g L nme eanme ey the assumption that attitudes are
(dummies), etc. Additional qualitative assessments PT users than the car dererS, which 1mphes a TR — 01T Exogenous effects e mutually independent.
were coded using semantic associations positive appreciation of PT supply and/or Perceived utility of public transit versus the car (reference)
(keywords). some congestion on the motorway network at
peak hours. Moreover, use of PT modes and
In this survey, one specific issue came from the : : : S ETreT—— : S :
fact that th o ti il had to be bili | satisfaction of bus and train service 1s Pro-Car I i Discussion and Conclusion The analysis procedure leads to identification of
ac a € questionnaireS nad to o€ oilingua o 0 o S . L I bkl LA
fat hat the C(l} estionnaires had o be bilin lgight unequal among countries, meaning different \ , e strengths and weaknesses of the Luxembourg survey.
differences of semantics from three cultures leYilShOfEerwcebthat S}I;?ruld bel coordinated Train Comfort Perceled ity B”inkiﬁﬁ"foL?*"’—p\ CFA];nd SE(;\./I alloweld I.JS to deyel(;)p st Strzi‘gzl)zd set of measurement scales (Likert, semantic
with the Luxembour su : G * A . e S
(French, German and Walloon people). Moreover, g pply o - N Val'la: ©s t.O Isentangle II}'[GI"[WIHG . differentials, satisfaction levels, dummies, keywords)
many items of psychological scales are reverse [ / 2 e \@ relationships between beliefs, perceptions to better specify the latent variables of attitudes, utility
worded to control for the acquiescence bias R : and attitudes and identify mediators and perceptions : : -
o : ) . T "G N . . . . e A large sample allowing to specify sophisticated
avoiding systematic compliance to social norms Perceived Percaived Cost (satisfaction and perceived self-utility) to models
(or positive assessment of transportation modes) COMPARISON OF SPEED L Durstion | B relate them to the choice of PT in » Asking for self-reported satisfaction to enhance
on each side of the scales B Veryfast MFast M Neutral ®Slow M Veryslow Significance: * p<0.05; ** p<0.01; *** p<0.001 ) modelling of the perceived utility
° Exogenous variable @ Latent variable GSEM  structural relationship Commutlng baSCd on the TPB. SEM
I I I e Standardized — o - _mini Weaknesses
Semantic differentials . Endogenous response  IFBGHID _reqeted ractor (Unstandardized coefficients) approach -co‘uld be used as a data-mining « A very small set of Likert scale measurements of
pre= I — the tratinI - | tool to gain in-depth knowledge of beliefs about energy and environmental concerns
Eee i very fairly neutral _fairly very | ELLL . . impeding CFA of the pro-environmental attitude
Fast - E 222 2?2 = - . ;‘ Slow Figures below show the distribution of values on the perceived utility of PT according to mode .relatlonshl.p 5 ainong survey mefasure.ment o Pull factors for using PT rather than the car were
E i Ch . . ° ° ° 5
e S - : . ” TRAIN choice, self-reported satisfaction in commuting, PCA, TCA and home country. They illustrate the items and improve model specification. The B OIS R S (L
gical O = O O Polluting X ) o A ) : ) bott fi lnsiesies e Sl qi £ inappropriate to build latent variables (they should be
Uncomfortable 30 200 310 40 50  Comfortable efficiency of controls in the utility model, the relevance of considering satisfaction when modelling a ottom higure 1iiustrates the lnal outcome o replaced by 4-level semantic differentials : no effect,
el iz < e TP long-term habit (sometimes choice) like commuting and its potential for analyzing consonance / the data mining: an enhanced SEM (R- slight effect, important trigger, decisive)
Flexible, convenient 10 120 240 40 O 220 Rigid, unflexible COMPARISON OF COST di b ude £ h od util; dth d d d=0.449) that is far better fitted th e Cross-sectional models are limited, and panel surveys
Tiring 20 10 220 49 O 160 Restful m Very expensive = Expensive m Neutral ® Cheap m Very chean 1Ssonance between attitude factors, the perceived utility and the mode used. squared=u. ) that 1s far better fitte an are needed to enable longitudinal analysis of the
Quiet 50 290 400 23 O 30 Noisy the 1itial TPB model shown above. feedback impact of satisfaction on attitudes
Punctual 20 230 290 35 0O 110 Unreliable Car users PT users
N 1 CAR 32 Satisfied Unsatisfied Satisfied Unsatisfied . . =
I _ the car — o - I - PR E—— r—— rE—— r—— Enhanced TPB cross-sectional decision model Perceived Behavioural Control
very fairly neutral  fairly very i o o |
Fast 200 530 160 9 O 20  Slow © @ 1 CarCost . Attitudes Towards the Behaviour -.08*" ‘e Fim Car -
Expensive 320 520 120 3 O 10  Cheap - : <1 1 \*"’%‘
Ecological 10 30 16 0 52 O 280  Polluting _ ™ _ ™ CarEnvir - 4 ygune >~ — +.3g" +,05 " Free Parking -
Uncomfortable 40 g 1o 420 340 Comfortable E . Very satisfied Very unsatisfied g ) Very satisfied Very unsatisfied a) Satisfaction in commuting . *_S'ltﬁii::;j@_ ' I +,09***
Risky 9O 370 s 0 16 O 30 Secure @ 1152 respondents 215 respondents 735 respondents 19 respondents E - CarRestful 5 P‘\” f—V{» Satisfaction ' Parking Issue I ]
Flexible, convenient 650 270 4 0O 2 O o E Rigid, unflexible COMPARISON OF CONVENIENCE N " S ' 7 R(Z:fla l{lggri* | l et Direct Train
52 0 o 4 = _ y's =U.
Tmhg ;e el el g s i Re.Stfm B Very flexible ® Flexible m Neutral = Unflexible B Very unflexible = = - 5 o ﬁ Carsecure ' +.07*% I
Quiet g 300 450 17 O 20 Noisy o o 5 + 1g¥s r +.06™™ | — - 10%
Figures in red are the percentage of respondents choosing each category ol LI - S o e s S S B £, 8 [EREOE~-- - *-56***5_\‘® s 19 * | ~03% | - +.27
CAR 65 2| Perceived utility of PT Perceived utility of PT ‘g y H ? Trai - AT F,_:’7 = _0_”_‘_2/ ' Satisfact -.04* . '
. ; et + e ReEE 07
L [ ke rt SCa I es %w HI . e ) Koo ™ L +.07*" Train Reliability
Car Bus Car & TrainSecure T 07
[=} . +.07*
TRAIN ! 1o c ™. " ke =5 — - 78% ’_J f_— +,06 ™ e Train Flexibility
- I o - ::.- ,%; o .-."'- ’ Train Bus Car Train Bus Car Train Bus Car Train Bus Car TrainEnvir - *. 200 - - P pp—
g I '*-1 ., = p; Very satisfied Satisfied Unsatisfied Very unsatisfied _— A ’:)@@ +.28% r~ Bitl:rfizt;?: e ’ +.10%**
0 é G ° "‘-., . | S ° ’ b) Workplace i - +_O’6-:*__r R*=0.015 " +.07* Direct Bus
3«&2 800 © . . i %‘ o o, %‘ o =< PR Y. i
2 200 = Self-declared satisfactionin =] ‘ - b s LieStand = _, - | J } +.07*
2 2 X g c T4 =2 l ‘”“‘> ro-Environmen 427
g 800 S - commuting g 4 2 0 2 4 3 4 2 0 2 4 S . ‘f‘-,ﬁg'“"( reE : +42 +.04
‘5 500 % c Very satisfied N ::.3 Train :% Trali g Ij LowerEmis —i ZU_sing P'I;**
g 400 § = - % . 35 c Hiher iy oTFT g -.80%** Perceived M
8 -~ _ £s g ¢ & 8 N B Utility of PT +.37H
3 300 ﬂ Strongly disagree ‘r‘% 2 satisfied I z’.w =i émi - § R?=0.999 ***
200 ~ 1 1 1 q Disagree é S - £ \{' g 3 © consonart %N
100 ~ £ 8o ROLT B 8o _":‘ =" D : dissonan %‘ I 2 - - he
0 & & 1 q e s Unsatisfied _— ® Train = 20 Mg - cud B ! g TrainSecure  Exogenous indicator < — 467" — — - Measurement models Significance xr\’(;ﬂssjé’;:tsss,:po%ggw
-~ . Agree Z — ' ' =< Structural models (direct effects std. coefficients) "1 p<.05 90% Cl : 0.028-0.034
Strongly . - = Bus <] D ) . - Satisfaction Endogenous indicator : . e 04 CFI_SB =0.953
Agree Agree Neutral Strongly agree = m T — 1 — — Higher utility of the car Train Bus Car Train EiS Car .05+ Preferences model L p<. SRMR = 0.022
Disagree 3 Very unsatisfied 4 2 0 2 4 4 2 0 2 4 A i e o Predicted f I . *“—h- rer **% + n< 001 Nz: 2319
ig;}giz = - = Car Pro-Car Attitude Train Comfort Attitude — ¢ — —— - ] __‘I ity redicted factor (latent) +.05**=pp  Restrictions model R? = 0.999
rance ermany elgium * kK . ih
When travelling, I try to reduce my GHG emissions - 0 20 40 60 80 = very unsatisfied unsatisfied = satisfied = very satisfied excludes outside values Latent variable of attitude :'gg*** gzlcl:tiii:::\idel
Percent of respondents :

It i1s noteworthy that self-reported satisfaction

regression and SEM. This integration could be made by integrating the attitudes TEA while considering

the specific case of Luxembourg, countries and the location of the work place closely related) between attitudes that
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