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MIMIC- Model



« Some frame works, for instance that of Muthen (1984),
include an extra ['x, ; for regressions of latent variables
on observed covariates:

n; = a+Bn; +Ix;+¢;,

 Where ¢ is an intercept vector. Muthén specifies the
model conditional on the covariates so that distributional
assumptions are not required for the covariates.



« In the measurement model, the additonal termKX5; is
iIncluded by Muthén and Muthén (1998) to represent
regressions of observed responses on observed

covariates.

¥y = U—I—A'T)j—I-KXQj + €,

* WhereV is a vector of intercepts (often X;; = X3)).



* A popular structural equation model with observed
covariates is the Multiple-Indicator Multiple-Cause
(MIMIC) model, a one-factor model where the factor is
measured by multiple indicators and regressed on
serveral observed covariates or “causes* (e.g. Zellner,

1970; Hauser and Goldberger, 1971; Goldberger, 1972).
Here the structural model is simply:

n; = a+v'x+ .



e A path diagram of a MIMIC model with three indcators
and three covariates:




Study 1:
An observational study in Austria

(Institute of Transportation Research,
BOKU Vienna) based on

Hossinger/Schmidt 2010



Description of variables and their means

The data were provided by 229 interactive interviews and a preceding written
survey. The sample includes six stakeholder groups as described in Table 2-3.
Table 5-1 lists all observed variables used in the following causal models.

The presumed key predictors, i.e., the estimates and values of the effects of the
policy as well as the estimated approval rates, are listed entirely in the table, even
those that didn’t qualify for the model. The left column groups the variables by
several categories. The personal characteristics are grouped according to the
Situational Approach. Regarding the beliefs associated with the transport policy,
the grouping follows the Theory of Planned Behavior.

The middle column shows the labels used in SEM, and the right column indicates
how the variables were measured. Attitudes (judgement of...) and validations
(validation of...) were throughout measured on a six point Likert rating scale from
'full rejection’ or 'fully unimportant' to 'full approval' or 'fully important'. The
scores were then transferred into percentage of approval or importance as
described in Figure 2-1.



Description of variables and their means

Table 5-2 shows the mean values of the variables for the total sample and
also for the different stakeholders. The emphasis of this study is on policy
makers. They form the main part of the sample and act as reference.

For the five remaining groups, a variable-by-variable comparison with the
policy makers was performed, using a one-factorial analysis of variance
with post-hoc comparison of means and Bonferroni correction. Significant
deviations are marked with ** (P <= 0.01) or * (0.01 < P <= 0.05).

Due to the small sample, only few deviations reach the level of
significance. They apply throughout to the citizens and commercial
representatives, as these are the largest groups aside from policy makers.



List of variables and their
indicators used in SEM

Zategory Label in SEM Indicator and kind of measuremert
Thjective rep, of commerce Durnmoy wariable bo distinguish represent atives of commerce (1) from cther
sibuation respondents (0]
citizers Dy wariable to distinguish citizers selected at random (1) From other
respordents [0, which were selected systernatically
gender Females (0); males (1)
riurmber of PT thps Munber of days during the last calendar week (Manday bo Friday) where a
public mears of transport was used For private or professional trips
riurmber of car trips Munber of days during the last calendar week (Maonday to Friday) where a
car was used for private or professional bhips
Personal individual Freedom Judgernent of the staterment "Life in Astria is too much regdated, people
walues shodd be gwen more freedom”
mett prindple Judgement of the staterment "The job performance should be more awarded
im Austia inorder boincrease the competitiveress of Austian's economy”
support For the poor Judgement of the statement "People living in powverty should receive more
suppott from the state, even those who are resporeible on their own,
concern climate Judgernent of the risk of alarge scale ervirormental damage due to a
climate charge caused by CO02 emissions
concern rnat resources  Judgernent of the risk of a large scale ervirormental darmage doe to the
excessive corsumnption of morrrenewable Fesources
concern | ands cape Judgement of the risk of a large scale envirormental darmage due to the
destruction of natural landscapes
Transport reduce to needhd Judgermnent of the staternent "The car traffic in Astria should be limited to
policy aims  trips its necessary extert inarder toreduce noise ard exhaist emissions”

restrid priwvate car use

Judgernent of the staterment "The use of private cars should be restricted by
means of appropriate measwres in order toreduce the car trafficin Sustria"




List of variables and their indicators used in SEM

(continued)

Category Label im SEMM Indcator and kird of reasurernerk
Estimation  belief mile age Estimation of the effect of a huel tax inoease onthe average anmoal mileage
of effects of of the car traffic (in % compared to non-mplementation)
the policy belief Co2 Estimation of the effect of a fuel tax inease onthe C22 emissions of the
car traffic [in 9% compared to morrimplerentation)
belief aocidents Estimakion of the effect of a fuel tax inaeaze onirewred ard killed children
on the roads (in % compared bo norrimplern entation)
belief car indishey Estimation of the effect of a fuel tax inoease onthe performance of the
automotive industry [in % compared to non-imple mertation]
beliaf & conormy Estimation of the effact of a fuel tax inorease onthe peformance of the
cwverall Astrian economy [in % compared to nonAmplem entation)
beliaf urerm glmt Estimation of the effect of a fuel tax inorease onthe uremploymert rate
[im %% cormpared bo ronqrplernentation)
belief living stand Estirnakion of the effect of a fuel tax inaease onthe living standard of
people with low incame (in %% compared bo norrimplernentation)
beliaf alections Estimation of the effect of a fuel tax inorease onthe gain o loss of votes of
the gowerring party (in % compared to non-imple me rt ation)
Validation of walue mileage Walidation of the effect onthe average anmuoal mileage
fl:ie';;li:: value <O Walidation of the effect onthe CC2 emissions
value accidents Walidation of the effect onirewred and killed children on the roads
value car indishey Walidation of the effect onthe pefformance of the autoroti ve indostry
value ecoromy Walidation of the effect onthe pefformance of the owerall Austrian economy
value uremplrt Yalidation of the effect onthe uremplownert rate
value living stard Walidation of the effect onthe living standard of people with low income
value elections Walidation of the effect onthe gain o loss of votes of the gowerning parby
Estimation  belief citizens Estimation of the approval rate of a Fuel bax increase in the total population
of approwal [im %)
o the policy belief exparts Estimation of the approval rate of a Fuel bax increase by transport experts
[im %)
beliaf journalists Estimation of the approval rate of a Fuel bax increase by journalists (in 36)
beliaf | cbbayist = Estimation of the approval rate of a Fusl bax increase by repres emb atives of
commerce [in %)
Transport attitude at beginning  Judgernent of the fuel bax ingease at the beginring of the inte ruiew
pelicy attitude aft effects Judgernent of the fuel bax inoease after estimation and validation of the
effects and occupation withkhe provided Forecast walues
attitude aft opinion poll Judgernent of the fuel tax ingease after estimation of approval rates of
stake holders ard ooccupation with the provided data of an opinion pd|




Sample means

of the variables used
iIn SEM In different
stakeholder groups

repres entatives of...

Category LabelinSEM Tokal I:if:; citizans  enrmerce ernplay- car public
ees drivers | transport

Sample size 2249 116 B2 20 11 12 E
Chijective rep, of cornmerce [drmy,) .09 .00 0.00 1.00 0.00 0.00 0.00
stustion - zers fdummy) 0z7 .00 1.00 .00 .00 .00 .00
gender [durnrny] 0.73 0.77 055% 094 0.2 0.83 0.88
rumber of PT brips (0] 231 2.35 221 2.20 2.00 2.17 3.43
rirmber of car trips (0-7) 288 307 2.2k 3 .45 3.18 283 2.29
Perzonal individual fre edom 64,10 5828 F45IF Fa00* 4364 EL1EF 6250
values rnett prindple FFF? 4R 793 8600 6364 FE3T BRSO
support For the poor 6372  E9.91  55.41%  S100  F400  E333 5750
concern climate 79.4%  S1F2  85.48  SEO0%F F2F3 0 FOO0  FRSD
concern nat resources 7546 75 B9 83.87 CF.ooE FE.3E E3.33 FO.00
concern | andk cape Fo.08 724 8645 ESO0  FEAE FLEF  BF.SD
Tramsport  peduce bo reedfd trips 62,82  ES.O0  B2.33  3200%F 58108 SEEF GRG0
policy aims " it private car use 4300 4861 4484 2400 4727 ZEEF  G7ED
Estimation  belief milage (9] 551 445 921 -3.10 455 457 -1.00
f‘lf:iﬁﬁ;‘:": belief COZ (36 -Fag 754 -10.20 650 -3 .45 453 500
belief aomiderts [35) 552 £.03 534 -474 473 4.3 -4.00
belief car indistey (95) 367 236 445 250 500 -L.26 4,13
belief &ononny [95) 221 406 ZE4RE 190 £.13 1.33 9,00
belief urern fmt (9] -1.19 .00 057 -0,30 -4.00 -1.08 0.8
belief living stand (35] -2.50 158 354 -485 -3.45 -3.00 0.38
belief elections (95) 9,07 732 -1039 -13.26 973 -12.83 Y
Yalidation of walue milage BE.%  ER47 G483 5529 G182 EE33  FOMD
:"I:Ze‘;;"i wal e CO2 Fo62 807 8000 B3940 FEAS EE33  FLOD
walue accidents 8131 2477 7847 FES2  FRAE FLEF 7429
walue car industey £364  S4.06 5220 EL11 4727 4909 5500
wal e ecomamy 6347  E407 6103 F529 6182 5333 GE.OD
walue unemplmt £5.9% 7429 G464  E4F1 6909  SE3IT 0 S0.00

walue living stard 7489  FRFS 7IF9 722z F0AL1 FI33 0 42.50%H
walue elections 4727 SESE  36.30%% 3000% 4800 4500 2750
Estimation  belief citizens [9%) 296% 2978 3045 2645 3045 2575 3113
f‘;ffj";‘[ﬁ!y belief e xperts (9] £096 5301 50,31 4135 5100 4433 6025
belief jornalists (95 40,47 4200 3829 4210 4020 3383 4150
belief |obbryists (%) 2582 2505 371 1315 2236 2567 2788
Tramsport  athitude at begirning £9.39  EF.43  40.32%*% EE32 6364 S5O0 GRG0
policy attitude aft effects 59,10  EF.S9  43.14%F 4316% G000 4833 6750
attitude aft opinion pol £2,12  ESEl  43.20%% 4211%  F111 4667 7.0




Complete model for the explanation of attitudes towards a fuel
tax increase
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Model for the comparison of different stakeholders regarding the
determining factors of the attitudes towards a fuel tax increase
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Quasi experimental study 1



Theory-Driven Subgroup-Specific Evaluation of an
Intervention to Reduce Private Car Use'

SEBASTIAN BAMBERGZ AND PETER SCHMIDT

Center for Survey Research and Methodology (ZUMA)
Mannheim, Germany

http://eab.sagepub.com/content/38/6/820.abstract




Study Design and Research a quasi
experimental study

In the context of a 2-wave panel study, we used Ajzen’s (1991)
theory of planned behavior (TPB) as the theoretical framework for
deriving and systematically testing hypotheses as to how an
intervention (a “free” ticket for public transportation) influences
the travel mode choice of students.

The empirical results show that this intervention caused a drastic
decrease in students’ car use. The effect of the intervention on
behavior is mediated by the causal chain postulated by the TPB.

In the second step, we analyzed whether there were subgroup-
specific reactions to the intervention. Surprisingly, the subgroup
analysis shows that students with more negative attitudes toward
policy measures restricting car use reacted more strongly to the
intervention than did students with a more positive attitude.



The Introduced Intervention

The intervention “semester ticket” consists of an innovative
concept for financing the collective good “public transportation.” It
is based on the solidarity principle that all students must pay a
contribution so that the individual burden is small.

In exchange, the possession of a valid student identification card
entitles all students to use public transportation “free of charge.” In
Giessen, the semester ticket entitles the students to use all means
of public transportation (buses and trains) within a radius of
approximately 50 km and it costs students an additional 38 DM
(approximately $22) to their normal university fees for one
semester.

This represents a drastic price reduction because the normal bus
user must pay the same amount of money for the ordinary monthly
ticket valid for the community buses in Giessen alone.

Furthermore, the semester ticket facilitates the use of public
transportation because it is no longer necessary to purchase a bus
ticket.



The Introduced Intervention

 Taken together, we hoped that the drastic price
reduction and the simplification of public
transportation use would create such a drastic
situational change that habitual nonusers of public
transportation would be motivated to reevaluate their
behavioral choice.

e The semester ticket was introduced in May 1994. Prior
to that, the student representatives had organized a
vote in which the students themselves decided
whether or not the semester ticket should be
introduced. Among the participating students, 65%
voted in favor of the semester ticket plan.



Action Intervention Hypotheses

Intervention Hypothesis 1. The introduction of the semester
ticket will increase the subjective probability with which students
associate the behavioral belief “cheap” with the use of public
transportation for university routes. We assume that the drastic
price reduction caused by the semester ticket will motivate former
non-bus-users to test public transportation.

Through this test they acquire information about the bus system
(e.g., timetable, bus routes, bus stops), which facilitates the use of
public transportation. Thus, the second intervention hypothesis
postulates the following:

Intervention Hypothesis 2. The introduction of the semester
ticket will increase the subjective probability with which students
think that they possess knowledge about timetables or existing bus
connections (control beliefs), which are necessary prerequisites for
the use of public transportation for university routes.



Action Intervention Hypotheses

* Intervention Hypothesis 3. Because of the intensive
public discussion and the subsequent vote about the
introduction of the semester ticket, the perceived social
expectations of significant others to use public
transportation for university routes will increase following
the introduction of the semester ticket.

* Intervention Hypothesis 4. The changes in the
probabilities of these behavioral, normative, and control
beliefs caused by the introduction of the semester ticket in
their turn change the attitude, subjective norm, and PBC
toward using public transportation for university routes in
the same direction. Changes in attitude, subjective norm,
and PBC should cause an increase in the actual use of
public transportation for university routes via intention.



Participants

The study was conducted as a longitudinal panel study. The data
collection of the first panel wave took place during the second week of
February 1994, before the introduction of the semester-ticket
intervention.

Over a period of 8 working days, a questionnaire was distributed to 3,491
randomly selected students. Of these 3,491 questionnaires, 1,874 (53.7%)
were completed and returned. Participants in the first panel wave were
41.1% male and ranged in age from 20 to 37 years, with a mean age of
24.4 years.

As 19,902 students (without the first semesters) were enrolled in the
summer semester 1994, this corresponds to 9.4% of all registered
university students. The second panel wave was conducted in the first
week of February 1995, 10 months after the introduction of the semester
ticket.

Because of residential mobility and a change in the student registration
system, only 1,316 students received the questionnaire a second time.
The response rate in the second wave was 78.8%, resulting in a sample of
1,036 students.



Table 1

Stability and Change of Travel-Mode Decisions Between 1994 and 1995

Travel mode 1994

Travel
mode 1995 CAR 1994 BIKE 1994 BUS 1994 PEDE 1994 1995
CAR 1995 167 23 8 6 204 (30.0%)
BIKE 1995 24 168 12 14 218 (32.1%)
BUS 1995 88 31 77 13 209 (30.8%)
PEDE 1995 17 14 7 10 48 (7.1%)

1994 296 (43.6%) 236 (34.8%) 104 (15.3%) 43 (6.3%)

679 (100%)

Note. N = 679. BUS = public transportation, PEDE = pedestrians.
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Table 2

Mearns and Standard Deviations of TPB Variables for Bus Use Before (1994) and

Afier Introduction of the Semester Ticket (1995)

1994 hefore 1995 after p-value
of no dif-
M &0 b S0 ference®

Evaluation of behavioral beliefs

Fast 1.42 (.83 1. 46 0.76 ns.**

Comfortable (.50 1.06 0.59 1.11 05

Without stress 0.95 1.00 1.03 (.96 m.5.

Cheap 1.42 0.86 1.47 .54 m.5.

Ecological 1.26 1.14 1.22 1.0% m.5.
Subjective probability of behavioral belicfs

Fast =1.19 1.01 =1.07 1.05 <[5

Comfortable 0,10 1.28 -0.02 1.29 m.5.

Without stress -0.26 1.22 -0.33 1.26 n.s.

Cheap -0.84 1.23 0.78 1.47 <0

Ecological 0.23 1.18 0,40 1,00 <01
Evaluation of control beliefs

Good bus connection (5 1.54 =066 1.42 <01

Departure knowledge 0,36 1.1 0,04 165 =01
Subjective probability of control beliefs

Good bus connection .05 1.54 ~0.66 1.42 <.

Departure knowledge -0.36 1.61 0.14 1.63 =01

Indicators of latent constructs: attitude, norm, perceived behavioral control
(PBCY), and intention

Attitede 1 =65 1.10 =(1.34 1.21 <01
Aftitude 2 0,73 1.06 -0.51 1.12 <01
Worm 1 -(67 1.18 -0.39 1.27 <0l
Morm 2 -0.87 1.13 -0.76 120 =.05
PBC 1 -.49 1.49 <016 1.61 =01
PRC 2 -0.39 1.57 010 .63 <
Intention 1 -1.39 1.14 -0.97 LA6 <01
Intention 2 =1.38 .15 -89 | A9 <.

Mare. The menns are based on those sebjects (V = 622} who participated in both waves
andd have no missing values in the variahles. All response scales range from <2 1o +2.
The labels “Attitude 1," “Amitede 2, et refer o the two items measuring cach TPB-
construct {Appendix A

*i refers to the result of a -1est comparing the mean at wave | wdth thl al wave 2,
¥*n 5, = not significant; p = 05,



Quasi experimental study 2



Generalization of the ,Semesterticket”
effects to all German universities



Semesterticket: Diffussion of an
Innovation

The first Semesterticket was introduced at the

Darmstadt University of Applied science in
1991 .

Then followed the universities of
Kaiserslautern and Giel3en.

Target group were all 1,9 Million german
students.

2010 approx. 1.6 miliion students have a
semester ticket.



German Student Survey

(Sozialerhebung)
Nr. Year Universities Net sample Respons Rate
13 1991 26.525 48%
14 1994 (AL 97535 50%
Universities
15 1997 20.533 37%
16 2000 12.573 27%
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Experimental study in Stuttgart



Is a Residential Relocation a Good Opportunity to Change People's

Travel Behavior? Results From a Theory-Driven Intervention Study
Sebastian Bamberg
Environment and Behavior 2006 38: 820
DOI: 10.1177/0013916505285091

The online version of this article can be found at:
http://eab.sagepub.com/content/38/6/820

http://eab.sagepub.com/content/38/6/820.abstract
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Abstract

This article presents an experimental, theory-driven evaluation of
the effectiveness of an intervention that combines a free public
transportation ticket and personal schedule information on the
subsequent use of public transportation in an urban area.

The time point when participants received this intervention is
unusual. It was delivered to them shortly after a residential
relocation. It is assumed that such a situation increases people’s
responsiveness to the intervention. At their new living place, the
intervention group shows a strong increase in public transportation
use.

The intervention effect on the individual choice process is modeled
via Ajzen’s theory of planned behavior. Besides a main effect on
intention, results indicate interactions between the intervention
and the change intention existing prior to the move and higher
objective public transport service quality after the move.



In the present study

The systematic review of intervention outcomes is an important
first step toward a more evidence-based judgment of what might
work in motivating people to reduce their car use. But summarizing
and comparing average intervention effects per se provides little
insight into the conditions and mechanisms mediating these
effects. Thus, the goal of the present study is not only to evaluate
the effect of an intervention on people’s car use but also to model
and test the causally mediating mechanisms of this effect.

In the present study, an intervention that combines a small
material incentive (a 1-day free ticket for PT) with personally
tailored PT services and schedule information is evaluated. An
unusual point is the situation in which this intervention was
delivered. It was given to a group of people about 6 weeks after
their relocation to a new residence.



In the present study

 Such a move marks a deep biographical cut that forces
people to deliberately reorganize their daily lives in
general and their daily travel behavior. It is assumed
that the first weeks after the move may create a
sensitive phase when people are motivated to pay
more attention to information about other mobility
alternatives to the car and are more willing to actually
test these alternatives.

 As aconsequence, the intervention may be more
effective in such a sensitive phase than in stable
contexts.



Study desigh and participants

The study was a randomized controlled trial designed to assess the
efficacy of the intervention and involved the three stages of
baseline measurement before the move, intervention
implementation after the move, and measurement after the
intervention. Participants who planned to move to Stuttgart within
a 6-month period were recruited by post, e-mail, and telephone;
addresses and numbers were obtained from rent advertisements
appearing in Stuttgart newspapers.

A lottery with attractive monetary prizes was used as an incentive
to participate. To reduce self-selection and strategic reasoning,
participants were not informed that they were participating in an
experimental intervention study. Instead, the study was presented
as a university research project aimed at analyzing the impact of a
residential relocation on daily mobility patterns.



Study desigh and participants

* From the about 800 persons contacted in this
way at their old residence prior to their move,
535 signaled interest in participating in the study
and received the first questionnaire. Of these 535
persons, 241 actually completed the first
guestionnaire and sent it back to us.

e The mean age of these 241 participants was 28.6
years (ranging from 17-58 years), 53% were male,
41% reported that they had a university degree,
98% had a driving license, and 66% reported that
they could always use a car.



Study desigh and participants

These 241 participants were randomly assigned to a control (n =
123) and experimental group (n = 118). Six months after completing
the first questionnaire, 191 (99 in the control and 92 in the
experimental group) of the 241 participants had actually moved to
Stuttgart and were recontacted at their new residence.

Those 92 participants assigned to the experimental group received
the intervention via mail about 6 weeks after the move. As an
additional measure to reduce the reactivity of our design, the
intervention was sent to the participants by the local transport
company, which did not make any reference to our research
project. By this procedure, we tried to prevent people from
associating the questionnaires with the received intervention.
About 12 weeks after their move, all 191 participants received a
second questionnaire via mail.



Study desigh and participants

e Of these 191 participants, 169 completed the second
qguestionnaire (90 in the control and 79 in the
experimental group). To check whether a systematic
self-selection process occurs between Wave 1 (n = 241)
and Wave 2 (n = 169), a logistic regression analysis was
conducted with participation in Wave 2 as the
dependent variable. Entering sociodemographic
variables, the TPB variables, and travel behavior
measured at the old residence as predictors provide no
empirical evidence for a systematic self-selection
process.



TABLE 1

Means and Standard Deviations of Travel Behavior, the Theory

of Planned Behavior Variables, and Habits Before and After the Move

Before Move After Move

M SD M SD
Public transport (PT) use 18.20 0.39 35.80** 0.48
Car use 51.50 0.50 39.40* 0.49
Bicycle riding 11.50 0.32 7.30 0.26
Walking 15.80 0.37 17.50 0.38
PT attitude 2.25 2.36 3.34* 260
PT subjective norm 2.48 2.62 3.56"*  2.85
PT perceived behavioral control (PBC) 2.22 2.63 3.65"* 296
PT intention 2.43 3.52 3.89*** 3.86
Car attitude 5.11 3.1 4.60* 2.90
Car subjective norm 4.65 3.33 4.02* 3.17
Car PBC 5.28 3.40 4.58* 3.39
Car intention 4.74 411 4.02* 3.97
Car availability 7.34 413 6.73* 4.36
PT habit 0.64 1.13 0.90* 1.49
Car habit 2.70 2.30 207  2.06

NOTE: Significance of before or after move differences were tested by dependent t tests.

*p<.05 "p<.01.""p<.001.



TABLE 2
Moens and Standard Deviations of Behavior, the Theory of Planned Behavior Constructs,
and Contextual Fachora Balore and After the Move for Contral Graup and Experimentsl Group Separabsly
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PT atkude 2.35 2.0 216 2 43 301 233 37 2 .84 .
PT subjactiva ra 274 2.53 2.18 2.70 2.4 2 59 3.7 a0z .
PT pér avad betavion|
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Car PRC AT a5 542 357 4.1 .41 4,44 337 '
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Car avalability 7.26 412 744 4.17 B 54 4.31 & 453 4.44 ’
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Figure 1: Graphlical Presentatlion of the Estimated Structural Model

NOTE: A = attitude toward Public transport (PT) use; SN = subjective norm toward PT use; PBC =
perceived behavioral control over PT use; | = intention to use PT. The subscripts 1 and 2 refer to
Wave 1 (before) and Wave 2 (after the move). Completely standardized coefficients are reported.
*Mot significant at p < .05.
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Limitations of the study

e This reasoning directly leads to one weakness of the
present study. It allows only an indirect analysis of the
impact of a residential relocation. Comparing the
intervention effects in a sample of people moving to
Stuttgart with a sample of people already living in Stuttgart
would allow a more direct test of the sensitive phase
hypothesis.

e Alack of later follow-up measurements of
participants’travel behaviors is another weakness. | am a
little skeptical about how sustainable the drastic behavioral
change was and expect that a later measurement would
have shown a reincrease in car use. But as is often the case
in evaluation research, time and money constraints have
impaired the use of a more adequate research design.



Meta analytic structure equation
modeling (MASEM) for theory



Meta-Analysis of
the Theory of Planned Behavior

based on: S. Timptner: A Metaanalytic Structural Equation Approach for the
TOPB: Testing for Moderator Effects.



Steps of Meta-Analysis

» Integration of single findings

e Single findings has to be transformed in
standardized effect sizes

 Computing mean effect sizes

» Examining the variance
e Testing for homogeneity

 Empirical examination of moderator effects



Test of homogeneity

» The homogeneity test Q examines the
assumption that all effect sizes are estimating
the same population value.

» Homogenous distribution: Effect sizes differ
from population mean only by sampling error.

» Heterogeneous distribution: Effect sizes does
not estimate a common population mean.

(Lipsey & Wilson, 2001)



Moderator analysis

» Exploring sources of heterogeneity

» Examining effect sizes concerning different study
characteristics:

 Methodological moderators
 Conceptual moderators

» Statistical control
» Subgroup analysis



Hypothesis

» H1: The strength of the relationships between
the TpB-constructs depends on the kind of
behavior.

» H2: The correction for attenuation leads to higher
correlations between the TpB-constructs.

» H3: The correlations between intention and
behavior are higher when the behavior is
measured by self-report, and lower when the
behavior is measured by observation.



Hypothesis

» H4: The correlations between intention and
behavior are higher when the behavior is
measured at the same time as the other
TpB- constructs, and lower when the
behavior is measured at a later time.

» H5: The correlations between the TpB-
constructs are higher when the principle of
compatibility is adhered to and lower if it’s
not.




Selection of relevant studies

» Literature research result: 651 references dealing
with the TpB.

» 369 studies could be obtained online and for
free over the OPAC of the University of Gielsen.

» From these, correlations for 350 behaviors could
be found.

» Because coding and a second data check is very
time consuming, this meta-analysis is based on
132 studies, published from 1986 — 2007.



Meta-analytic structural
equation modeling (MASEM)

> Testing the causal relationships in the
comprehensive TpB-Model.

> Does the theoretical model fit to the data?

> Calculating a MASEM-Model for each subgroup
by using AMOS, based on the mean effect sizes.

» Comparing the model fits, standardized path
coefficients and explained variances for
detecting moderator effects.



Mean effect sizes: All studies

included
Observed 'V'ea.” effect N N
sizes
mean effect sample
: corrected for . )
effect sizes . sizes  sizes
attenuation
Attitude - S.Norm 0,39 0,56 102 23140
Attitude - Control 0,33 0,51 109 23785
Attitude - Intention 0,55 0,70 121 25375
Attitude - Behavior 0,37 0,44 83 16764
S.Norm - Control 0,23 0,32 103 23007
S.Norm - Intention 0,42 0,57 112 23852
S.Norm - Behavior 0,29 0,36 77 15627
Control - Intention 0,45 0,65 119 24650
Control - Behavior 0,29 0,39 84 16589
Intention - Behavior 0,55 0,64 83 16136

All effect sizes significantly different from zero (p = 0,00)
All Q-statistics significant (p = 0,00)



Mean effect sizes:
Environmental behavior

Mean effect

Observed ) N N
sizes
mean effect sample
: corrected for . )
effect sizes . sizes  sizes
attenuation

Attitude - S.Norm 0,23 0,42 6 1212
Attitude - Control 0,35 0,90 6 1212
Attitude - Intention 0,52 0,95 5 1148
Attitude - Behavior 0,49 0,80 3 750
S.Norm - Control 0,16 0,30 6 1212
S.Norm - Intention 0,27 0,43 5 1148
S.Norm - Behavior 0,23 0,34 4 814
Control - Intention 0,45 0,90 5 1148
Control - Behavior 0,41 0,72 4 814
Intention - Behavior 0,57 0,75 3 750

All effect sizes significantly different from zero (p = 0,00)
All Q-statistics significant (p < 0,05)



Mean effect sizes: Traffic

behavior
Observed 'V'ea.” effect N N
sizes
mean effect sample
: corrected for . )
effect sizes . sizes  sizes
attenuation
Attitude - S.Norm 0,67 0,93 8 2413
Attitude - Control 0,59 0,82 8 2413
Attitude - Intention 0,70 0,90 8 2413
Attitude - Behavior 0,54 0,66 8 2413
S.Norm - Control 0,53 0,68 8 2413
S.Norm - Intention 0,69 0,91 8 2413
S.Norm - Behavior 0,54 0,66 8 2413
Control - Intention 0,67 0,88 8 2413
Control - Behavior 0,56 0,76 8 2413
Intention - Behavior 0,78 0,93 8 2413

All effect sizes significantly different from zero (p = 0,00)
All Q-statistics significant (p < 0,05)



Mean effect sizes: Self-reported
behavior vs. observed behavior

Mean effect N \
_ effect sample
sizes : -
sizes sizes
Intention - 058 69 14168
Self-reported behavior ’
Intention - Observed 0,36* 14 1968

behavior

Alle Effektstarken sind mit p = 0,00 signifikant von null verschieden
* Homogenitatstest mit p = 0,24 signifikant



Mean effect sizes: Behavior measurement at a later
time vs. behavior measurement at the same time

Mean effect N N
. effect sample
sizes ) .

sizes sizes
Intention - Behavior | 0.52 52 8345
measurement at a later time
Intention - Behavior
measurement at the same 0,59 31 7791

time

Alle Effektstarken sind mit p = 0,00 signifikant von null verschieden
Alle Homogenitatstest mit p = 0,00 signifikant



MASEM
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Mean effect sizes: Traffic

behavior
Observed 'V'ea.” effect N N
sizes
mean effect sample
: corrected for . )
effect sizes . sizes  sizes
attenuation

Attitude - S.Norm 0,67 0,93 8 2413
Attitude - Control 0,59 0,82 8 2413
Attitude - Intention 0,70 0,90 8 2413
Attitude - Behavior 0,54 0,66 8 2413
S.Norm - Control 0,53 0,68 8 2413
S.Norm - Intention 0,69 0,91 8 2413
S.Norm - Behavior 0,54 0,66 8 2413
Control - Intention 0,67 0,88 8 2413
Control - Behavior 0,56 0,76 8 2413
Intention - Behavior 0,78 0,93 8 2413

All effect sizes significantly different from zero (p = 0,00)
All Q-statistics significant (p < 0,05)
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Meta analytic structure equation
modeling (MASEM) for theory
and intervention
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Abstract

The aim is to propose a theoretical grounding of soft transport
policy measures to promote voluntary reduction of car use. A
general conceptual framework is first presented to clarify how hard
and soft transport policy measures impact on car-use reduction.

Two different behavioural theories that have been used to account
for car use and car-use reduction are then integrated in a self-
regulation theory that identifies four stages of the process of
voluntarily changing car use: setting a car-use reduction goal,
forming a plan for achieving the goal, initiating and executing the
plan, and evaluating the outcome of the plan execution.

A number of techniques are described that facilitate the different
stages of the process of voluntary car-use reduction and which
should be used in personalized travel planning programs.



Evidence for the effectiveness of soft
transport policy measures

Several narrative reviews (Brog et al., 2009; Cairns et al., 2008; Richter et al.,
2010a; Taylor, 2007) have concluded that soft transport policy measures are
effective. Two meta-analyses (a technique that provides quantitative estimates of
treatment effects, see e.g. Lipsey & Wilson, 2001) of previous research results
have also been conducted. In one of these meta-analysis Mdser and Bamberg
(2008) synthesised the results of 141 studies evaluating the car-use reduction
effects of workplace travel plans (44 studies), school travel plans (25 studies), and
travel awareness campaigns/marketing of public transport (72 studies).

Across all 141 studies a significant standardised mean effect size of 0.15 (Cohen’s
h) was found, corresponding to a 11% decrease of the proportion of trips
conducted by car (from 61% to 54%). However, all studies used a quasi-
experimental single treatment group before-after test design that fails to control
for several factors that reduce the internal validity of causal inferences (Fujii et al.,
2009; Stopher et al., 2009). Furthermore, external validity or generalizability of the
results is threatened by the fact that most of the synthesised evaluation results
were based on non-representative samples.



Evidence for the effectiveness of soft
transport policy measures

* |nthe second meta-analysis Fujii et al. (2009) used data from
evaluation studies of 15 Japanese PTP programs (referred to as
“travel feedback programs”). The methodological quality of these
studies is higher because they incorporated comparison or control
groups in a before-after test design, which increases internal
validity. A standardised mean effect size of 0.17 (Cohen’s d) was
calculated. This corresponds to a decrease in the average number
of weekly car trips from 6.9 to 5.7.

e However, the total number of studies was small and most of them
were based on small non-representative samples. Furthermore, at
least some of the studies seem to have used non-equivalent
treatment and comparison groups, thus making it difficult to rule
out alternative explanations for the reported before-after test
differences.

e One recognized research priority is longitudinal panel studies that
examine the time course of changes in travel.



Soft transport
policy measures

Socio-demographic
factors

*Family structure
*Income
*Emplovment

Hard transport
policy
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-
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System
effects

Fig, 1. A general conceptual framework
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What is needed

Explicit theoretical approaches like the TOPB instead of Black Box
evaluations.

longitudinal intervention studies with strong quasiexperimental or if
possible experimental designs to test the most promising policy
measures.

Generalized latent variable models like implemented in MPLUS software
to take into account random measurement error, nonrandom
measurment error,different scale levels, indirect and total effects,
mediated and moderated effects, contextual effects and taking into
account heterogeneity of Samples.

Metaanalyses for summarising the theoretical knowledge and
interventuion results using structural equation modeling for developing
adequate policy measures and integrating the knowledge.



