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ABSTRACT

Stated preference surveys (SPS) are an important tool to help forecasting decisions for
situations that do not yet exist, using hypothetical scenarios. Practitioners often
underestimate cognitive problems resulting in respondents’ disengagement from SPS
questions and, thus, in non-reliable answers leading to non-robust or biased models. This
paper analyses the outcome of SPS for the study case of the Portuguese High Speed
Railway project and suggests a methodology to quantify and reduce respondents’ survey
disengagement in an effort to improve the demand modelling quality. As an evidence of
disengagement, we consider indicators related to Irrational Answers (lA), which occur when
respondents choose different modes in scenarios with the same or better conditions for each
alternative-specific scenario than in an initial scenario. We measure quantities and
proportions of respondents with irrational answers and respondents who always chose the
same mode (Goal-Based Disengagement), and evaluate the Survey Fatigue/ILearning (SFL).
We also assess the impact of including/excluding irrational answers on the estimation results
of corresponding binomial Logit models. Our results show a high level of disengaged
respondents whether indicating IA or due to GBD answering. Disengagement appears to be
higher in car users. There is also evidence of learning rather than survey fatigue as a
respondent progress through the questions and of connection of disengagement and social-
economic characteristics of a person. Finally, the findings suggest that disengagement has
an important impact on the modelling results. Based on this analysis, we suggest
recommendations to improve the quality of the modelling.

Keywords: survey disengagement, stated preference survey, survey design, transport
demand modelling
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INTRODUCTION

The stated preference survey (SPS) is an important tool which helps forecasting decisions
suggesting to respondents questions about their possible choices in hypothetical situations
given a specific set of conditions. It is especially useful when there is a need to assess
consumers’ behaviour when a new product/service is introduced or there is a substantial
change in its attributes (Louviere and Hensher, 1983). The survey results are used as an
input to a model which aims at predicting future behaviour, whereby the validity and reliability
of inferences of this model are a major concern (Louviere et al., 2000).

The model quality depends on applied modelling techniques and algorithms itself, on how
well the postulated underlying behaviour theory represents the reality and on quality of the
survey. The latter is a combination of two aspects: data quality and fitness for purpose
(Biemer, 2011). The fitness for purpose means that the survey meets the needs of the
project for which it is designed and conducted, while the data quality includes its accuracy,
timeliness, accessibility, comparability and other quality dimensions (see, for instance,
Biemer and Lyberg, 2003; Statistics Canada, 2006; Biemer, 2011). As a result the main goal
of survey design is to minimize the total survey error subject to cost constraints (Fellegi and
Sunter, 1974; Groves, 1989), which incorporate monetary and time costs, and ethical
considerations (Weisberg, 2005).

One of the main issues associated with survey quality is data inaccuracy, which manifests
itself in sampling and nonsampling errors, where the former depends on how well the chosen
sample represents the population, the latter includes specification, measurement,
nonresponse, frame and data processing errors (Biemer and Lyberg, 2003). While in
literature on survey design the sampling error traditionally gets more attention, some studies
(e.g., Fuller, 1987; Biemer and Trewin, 1997) showed that the effect of nonsampling error on
statistical estimators and, consecutively, on inference might be very substantial.

A measurement error includes a respondent-related error, which occurs when respondents
either intentionally, or not, provide incorrect answers to survey questions (Biemer, 2011) or,
in a broader sense, provide answers which do not meet the researchers’ intentions
(Weisberg, 2005). As the respondent-related error may substantially affect the survey quality,
cognitive and social processes influencing it were defined as one of the priorities for research
(Lee-Gosselin et al., 2012). These processes and resulting survey disengagement of
respondents are of a major interest for this research.

This study aims to determine and analyse cognitive difficulties of the respondents based on
their behavioural decision making and to propose possible solutions or further research in
order to cope with these issues. Also, this paper aims at contributing to research on
nonmathematical but behavioural issues associated with SPS.

BACKGROUND
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In order to provide reliable information a survey should be designed so that the respondents
“understand, are committed to and can respond to tasks” (Louviere et al., 2000). For the
case of SPS this requirement becomes particularly important conditioned by the hypothetical
nature of the decisions to be made. In practice this is not always easy to achieve since
respondents may respond questions without trying to understand, being fatigued,
uninterested or even not able to understand the questions correctly.

In order to understand the underlying processes in the case of inaccurate answers it is
important to distinguish the cognitive stages as a respondent answers a survey question.
Weisberg (2005) suggests distinguishing multicomponent and two-track approaches. The
multicomponent theory presents the cognitive processes as a sequence of steps (Kahn and
Cannell, 1957; Tourangeau, 1984, Tourangeau et al., 2000) while the two-track approach
means different levels of efforts made by the respondents during answering the questions
(Krosnick and Alwin, 1987; Krosnick, 1991).

Kahn and Cannell (1957) proposed five cognitive stages: encoding the question in memory;
understanding the question; recalling or computing a judgment; configuring a response;
editing and communicating the response. Tourangeau (1984) reduced the number of stages
to four: understanding the question; retrieval of relevant information; making judgment,
decision or choice required by the question; and selection of a response. For analysis of
respondents’ disengagement all the steps are important, however, one should keep in mind
that respondents not necessarily follow the order of the cognitive steps presented above and
can carry some of them simultaneously (Weisberg, 2005). The two-track theory of
respondents’ cognitive processes reflecting the efforts made by them is also applicable to
every stage. This theory suggests that there is a “high road” level, which implies that a
respondent tries to answer questions with full force and effect, and a “low road” or
“satisficing”, when a respondent tries to undergo a survey with a modicum of effort (Krosnick,
1991). This theory was developed in compliance with previous research which argued that
people adhere to economizing strategies (Simon, 1957; Taylor, 1981) or heuristics (Tversky
and Kahneman, 1974; Heiner, 1983) in their decision making.

The understanding stage is a process of comprehension of a question by a respondent and
at this stage the “low road” approach means that a respondent does not want or is not able to
put an effort into this comprehension. At the next stage of recalling from memory relevant
information, forgetting is a major problem (Weisberg, 2005). In case of SPS, when an
imaginary situation is presented to a respondent and the person needs to make a
hypothetical choice, the recalling might be associated with previous experience necessary to
rely on. For example, if a respondent needs to choose a transport mode, even if the survey is
designed to make a choice dependent on modal characteristics, the respondent will draw
upon some previous experience of using this mode or any other related knowledge he or she
possess. In this particular case recognition and current attitude are enough and there is not
much need in actual recall from memory. Another issue related to forgetting in SPS might be
in possible discrepancy between the answers of the same respondent. The inconsistency of
the responses in this case becomes a useful indicator of the respondent’s disengagement.
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At the retrieval stage a respondent taking the “low road” will recall just enough information
from memory to make a passable choice without making an effort to retrieve all relevant
information for more accurate decision.

The cognitive processes at the judgment stage depend on survey types (Weisberg, 2005).
For a case of SPS this stage is the most important since the respondents’ task is to evaluate
correctly the options and imagine which would be the most appropriate one. After making a
judgment a respondent selects and reports to the interviewer the final answer, which is the
last stage. A respondent “on the low road” tends to omit actual judgment and choose the first
answer or a random one.

While choosing an answer respondents might be affected by different kinds of bias. Krosnick
(1999) suggests considering acquiescence bias when respondents are more likely to choose
a positive answer without trying to think on their real attitudes, and social desirability bias
when respondents give more socially acceptable in their opinion answers. Walker et al.
(2002) define three different kinds of bias: affirmation bias, when respondents choose
answers, which in their opinion are consistent with the study objectives; rationalization bias,
when the answers justifying the actual behaviour are chosen and strategic or policy response
bias when respondents’ choice is conditioned by belief that their choice might affect the
future policy changes.

The “low road” approach may be a result of many reasons related with the survey design, the
way and environment in which the interview is made, motivation and mood of the respondent
(Krosnick, 1991). One of the main issues is the task complexity and amount of efforts which
a respondent needs to make in order to assess each option (Blair and Burton, 1987, Street
and Burgess, 2007). The survey modellers often overestimate the knowledge of respondents
on some subject and their ability to comprehend the question (Weisberg, 2005) while people
usually tend to answer questions even if they do not understand them (Ferber, 1956). The
task complexity includes the questionnaire length and number of attributes (see, for example,
Huber and Hansen, 1986; Agarwal, 1989; Brazell and Louviere, 1995; Holling et al., 1998).
The motivation of the respondent and the question formulation, including the order of words
and instructions also affect respondent’s cognitive processes (Blair and Burton, 1987; Wanke
et al., 1995; Schuman and Presser, 1996). Finally, if a respondent is tired, not interested or in
a playful mood, he or she is more likely to take the “low road” (Biemer and Lyberg, 2003) and
even the social characteristics of the respondent such as the education level and age are the
factors affecting the cognitive processes (for example, Narayan and Krosnick, 1996) as well
as gender (e.g., Ladenburg and Olsen, 2008).

Weiner et al. (2011) argue that the SPS researchers do not pay enough attention to the
cognitive processes at data collection stage. One of the problems associated with these
processes is a discrepancy between the two-track behavioural theories and random utility
theory, on which the SPS modelling is based and which relies on an assumption of rational
behaviour of a respondent who acts and make choices in order to maximize the economic
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welfare (Domencich and McFadden 1975). The experimental design, which is usually derived
from the random utility theory and which aims to manipulate numbers of questions, attributes
and their levels in order to provide the best possible inference from the data with respect to
the research purpose and hypotheses (Louviere et al., 2000), in practice usually does not
take into account the cognitive difficulties of respondents.

When speaking about “irrationality” one should recognize that some important cognitive
aspects in the decision-making process can lead to answers which might seem irrational for
the modeller because of some indicators but in reality these responses make part of the
natural randomness of the population’s behaviour and therefore still make part of the
“random utility maximization” principle. One of such aspects is when apparent irrational
answers could be justified by the respondent past experiences (which sets a primer for future
preferences’ evaluation when recalling similar situations) to which the analyst is not aware or
which were not captured in the questionnaire (Weber and Johnson, 2006). Another aspect
which might influence decision-making is the emotional state of a respondent. For example,
Ben Akiva et al. (1999) highlighted the role of affect in decision-making whereby emotions
can “not only induce impulsive decisions, but also colour perceptions”. There is also a
tendency when the respondents are “happier and decision-making becomes more efficient”,
in other words, happiness induces more creative and effective responses (Loewenstein,
1996). Similar ideas are present in the concept of “experienced utility” referred by Kahneman
and Thaler (2006), which differs from the common understanding of “decision utility”, and
refers to the “hedonic experience” (or pleasure, satisfaction). Quite recent hybrid choice
models allow the inclusion of respondents’ perceptions and attitudes with the use of latent
variables (for instance, Morikawa and Sasaki, 1998; Abou-Zeid and Ben-Akiva, 2009).

Among SPS designers still there is no common consensus on the optimal number of
questions, alternatives, attributes and their levels. Recent studies showed that a larger
number of questions, alternatives, sets of attributes and their level demand more cognitive
efforts from respondents. Thus due to the survey fatigue people may answer randomly
without making an attempt to understand the questions or without taking into account all the
attributes, which reflects in discrepancies in their answers (e.g., Carson et al., 1994, lyengar
and Lepper, 2000, Bateman, 2002; DeShazo and Fermo, 2002; Schwartz et al., 2002;
Arentze et al., 2003; Caussade et al., 2005) and that respondents might be susceptible to
social desirability bias (Carlsson, 2003). In case the alternative specific attributes and their
combinations are not appropriate and realistic the respondents might be confused and not to
take the task seriously (Street and Burgess, 2007). Dellaert et al. (1999) and Caussade et al.
(2005) found out in their experiments that the range of attributes’ levels also affects the
results and a narrower range decreases the cognitive difficulties for the respondents, which
is demonstrated through reduced variance of answers. Extensive review of research on
number of questions, alternatives, attributes, and their levels for SPS is presented in Weiner
et al. (2011).

The most common method for studying the survey quality with respect to respondent-related

error is based on comparison of results of surveys with different design (Weiner et al., 2011).
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DeShazo and Fermo (2002) suggested a model in order to estimate the variance of
parameter estimates calibrated based on survey answers. Hensher (2004) measured
sensitivity of willingness to pay to different components of survey design by means of
regression analysis. McNair et al. (2011) tested the effect of increasing the number of binary
choice tasks for a respondent, found out that the responses were influenced by cost levels
from previous questions and suggested that the changes in results could be affected by
respondents’ strategic misrepresentation (meaning respondents belief that their answers will
let them buying goods at lower cost), reference point revision (when respondents shift their
value function (DeShazo, 2002)) and cost-driven learning. The latter idea was introduced by
Plott (1996) who argued that often when respondents give answers to the first questions their
preferences are not completely formed and they tend to progress through a sequence of
questions. This idea is also in compliance with so called starting-point bias theories (Boyle et
al., 1985; Flachaire and Hollard, 2007; Ladenburg and Olsen, 2008).

CASE STUDY

The case study for this paper is the High Speed Railway (HSR) projected link which will
connect Lisbon to Oporto in Portugal. The project is foreseen as a component of the Trans-
European Transport Network, which will consist of three links Lisbon-Madrid, Lisbon-Oporto,
and Oporto-Vigo, with a total length of about 650 km and an investment of around eight
billion euro. HSR is viewed as an important strategic investment that could bring strong
economic benefits and contribute to creating a megalopolis in the corridor between the two
largest cities in Portugal and between the two countries — Portugal and Spain (de Abreu e
Silva et al., 2011).

The high-speed train will compete with alternative existing modes, which include air
transport, conventional train, bus and private car. Based on these alternatives, a Stated
Preference survey was conducted by Steer Davies Gleave (SDG) for RAVE (RAVE, 2006) in
order to quantify the weights and relative values of the different variables associated with the
choice of each mode of transport and get parameters of the variables that explain the choice
of transport modes. The target population of the survey consisted of potential users of high
speed train which comprehend all passengers currently travelling in the corridors of interest
using the existing modes and that could potentially shift to the new HSR service focusing on
the corridors Lisbon-Madrid and Lisbon-Oporto. The respondents were approached through
the roadside interviews taken along the present routes and at the terminal stations and
airports.

This survey presents answers about modal choices in hypothetical situations of users
travelling along these corridors. A respondent had to choose between a new service (HSR)
and the currently used transport mode depending on attributes of the modes and so the data
only allows building of binary choice models. The choice of each of the alternative modes
was presented for nine different scenarios, which were built relying on a fractional factorial
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design by varying certain attributes, which were assumed to have a strong influence on the
decision choice of a person. These attributes were:
- Private Car: cost and travel time.
- Public transport: cost, travel time, headway time (expressed as interval average time
between consecutive services) and access time.

Costs, travel time and frequency attributes have three levels and access time has two levels.
The number of alternative levels and attributes considered determines the number of choices
presented to the interviewees. The set of choices or scenarios was created using the
following steps:

- Identification of the range of choice, the factors to consider and extent of changes

more likely to happen;

- Definition of the type of stated preference surveys to be undertaken;

- Preliminary investigation by simulation;

- Pilot survey

- Evaluation of results of the pilot survey and redesign.

The pilot survey was taken in order to:
- Ensure that the respondents understand the variables presented;
- Check that the allowed ranges of the variables capture the sensitivity of the users to
the attribute levels;
- Test the general operation of the survey;
- Redesign the final survey considering the aspects observed in the pilot survey.

The forms were previously coded depending on the type of collection. The design was
planned so that the characteristics of a proposed journey depended on the situations likely to
occur. The questionnaire presented to the respondents contained three blocks of questions
although there were slight differences in the content of each of them depending on the
transport mode (public transport or private car). The blocks were:

- Characterization of the current trip of a respondent (reason, frequency, etc.);

- Stated preference survey;

- Socio-economic information of a respondent (age, occupation, income, etc.).

The variables related to costs and time differences are presented by differences, while the
relative frequency is presented in levels, which was performed in order to avoid showing too
much information that the respondent could not properly comprehend.

Once the potential user was identified, the questionnaire was chosen according to the
corresponding path made by the interviewee. In order to eliminate the problem of correlation
between the explanatory variables, the orthogonal stated preference model was applied,
providing that the information collected in each scenario is different and does not overlap
with that coming from any other scenario, thus maximizing the efficiency of the model. Table
1 contains all the nine scenarios presented to each respondent.

Table 1 — Variable levels of the nine scenarios. Source: RAVE, 2006
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Scenario Cost Travel time Frequency Access time
1 0 0 0 0
2 0 1 1 0
3 0 2 2 1
4 1 0 1 1
5 1 1 2 0
6 1 2 0 0
7 2 0 2 0
8 2 1 0 1
9 2 2 1 0

In the report, which accompanied the survey results, SDG states that in most cases the
response rate and respondents’ willingness to collaborate were quite high. The interviewers
encountered some difficulties with certain types of passengers but this was solved through
increasing the time frame for the survey and all the planned answers were obtained and their
number even exceeded the one outlined in the project proposal. After the data collection
SDG reported the presence of 12% of irrational answers in average for all modes and
removed them from the survey. The criteria for non-validity of the responses were
inconsistency and irrationality of answers of the same respondent with their previous choices
or with their revealed preferences (RP). In addition people who claimed that their car was
essential for that specific trip (for example, commercial vehicle) were dismissed from the final
version of the survey. The amount of irrational answers detected and eliminated by SDG for
each mode is presented in Table 2.

Table 2 — Irrational answers deleted by SDG. Source: RAVE, 2006.

Plane Conv. Train Bus Private Car Total
Inconsistent with RP - 1 13 7 21
Inconsistent with previous choices 23 11 21 40 95
Total 23 12 34 47 116

However, not all the irrational answers were removed from the survey. A significant number
of answers was found in which a respondent stated that he or she would choose one mode
under certain conditions but then the same respondent did not choose this mode under
similar conditions, whereby the chosen previously mode was better (that is, cheaper faster,
more frequent and with a shorter access time) given that the rest of the attributes hold the
same levels. The amount of such respondents was quite high and this raised a research
question on the extent of the survey disengagement and possible underlying reasons of it
and explanation through behavioural theories of cognitive processes.

RESEARCH METHODOLOGY

In order to assess the respondents’ disengagement we measure the number of respondents
with irrational answers (IA) and the influence of their exclusion on the model goodness of fit
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and coefficients. The IA means that a respondent chooses a different mode in a scenario
with the same or better conditions (for the same mode) for each alternative-specific attribute
than in previous scenarios already processed by this respondent. Based on this we find
quantities and proportions of respondents with IA, changes in their proportion as the number
of scenarios grows and changes depending on scenario ordering which is an indication of
Survey Fatigue or Learning - SFL (for each pair of modes). In addition we present findings on
quantity and proportions of respondents always choosing the same modes.

The theoretical framework relies on building a discrete-choice model for the analysis of the
influence of IA on the model goodness of fit and coefficients is random utility theory, which
assumes rationality of decision making. For different combinations of the survey data
(including and excluding 1A) we build a binary logit model for HSR demand (pairwise analysis
with each of the alternative modes). The model development was restricted by the variables
included in the survey, which were the alternative specific differences named above and the
following socio-demographic variables:

- Age, gender (1 — female, and 0 — male), income and employment (1 — employed, and

0 — otherwise) of the respondent;

- Car ownership;

- Purpose of the trip (1 — work, study, 0 — other motives); and

- Who paid for the trip (1 —work, 0 — otherwise).

Income and age were treated as continuous variables in the model, while the other socio-
demographic attributes were binary. For each pair of modes we found a model specification
to be considered further by varying in a combinatorial way the set of the attributes (we used
MATLAB for all the calculations and simulations performed in this study). The criteria for
“best” model specification was the highest McFadden rho square after verifying the
respective parameters’ statistical significance at a confidence level of 90%, except for the
alternative specific constant. The computational burden was not heavy because of the
comparatively small number of attributes to be included. It should be mentioned that the
coefficients for the alternative specific and ‘Age’ values in all tables presented below were
divided by 100 and ‘Income’ value was divided by 10,000 (made for optimization reasons
during calculation of maximum likelihood and did not affect any of the findings of this study).
We use the term “best” in a conventional way and applied relatively to the model
specification for the available set of variables in the survey and within the chosen simple
binary logit modelling framework and goodness of fit measures.

We performed a search for the “best” model for the following cases:

- “Unclean” data whereby all the respondents and answers available in the survey are
presented. We note that the 12% of non-valid data dismissed by SDG was not
available for this research and was not included.

- Data without pairs of IA (in which answers are inconsistent with each other);

- Data without all answers of the disengaged respondents (i.e., respondents with at
least one pair of IA answers).
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Intuitively one can suggest that if a respondent has some IA it is due to his or her
disengagement and it compromises the reliability of the rest of his or her answers. However,
if the number of such respondents is very high the removal of all their answers may
substantially increase the sampling error due to reduced sample size. In this case the
compromise might be dismissing only the irrational answers rather than all the answers of
such respondents. The influence of this choice is also to be tested in this study.

MEASUREMENT OF IRRATIONAL ANSWERS

The results of measurements of quantity and proportion of respondents with |A are presented
in Table 3. As one can see the number of respondents with IA ranges from 34% up to 69%
for different modes and this result suggests a quite high level of respondents’
disengagement. The highest disengagement is presented by respondents using a private car
as a current mode. The number of respondents always choosing the same mode varies from
16% to 33%, where 33% corresponds to conventional train mode. Here one can observe an
interesting pattern whereby the more similar two modes are, the more “rigid” the respondent
is in his/her answers.

Table 3 — Quantity and proportion of respondents with irrational answers (IA).

Plane Conv. Train Bus Car Total
Dismissed by SDG respondents with 1A 23 12 34 47 116
Other respondents with |A 121 67 130 198 516
Total respondents with IA 144 79 164 245 632
Respondents who always choose the same mode 47 77 63 61 248
Total number of respondents 287 231 292 356 1166
Proportion of respondents with IA 50% 34% 56% 69% 54%
Proportion of respondents always choosing the same mode 16% 33% 22% 17% 21%
Proportion of the rest of the respondents 33% 32% 22% 14% 25%

It is remarkable that, out of respondents always choosing the same mode, the number of
those always choosing the current mode is much higher than of those who always choose
the hypothetical HSR (Table 4). This means that even under better conditions of HSR
compared to the present alternative these respondents believe that they will use the present
mode. This can be either due to their rigidity or their (rational or not) preferences. It is
interesting that, as one can also see from Table 4, the number of respondents always
choosing the bus mode against HSR is 90% while for other modes the proportion of people
choosing the current alternative against HSR is approximately the same and is around 2/3 of
total amount of respondents always choosing the same mode.

Table 4 — Preferences of the respondents always choosing the same mode

Plane Conv. Train Bus Car | Total
Respondents always choosing HSR 15 21 6 19 61
Respondents always choosing the current mode 32 56 57 42 187
Total respondents always choosing the same mode 47 77 63 61 248
Proportion of respondents always choosing HSR as % of
respondents always choosing the same mode 32% 27% 10% | 31% 32%
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As it is clear from Table 3 if the modeller decides to eliminate all the 1A in order to avoid the
effects of disengaged respondents’ answers in the results, the sampling error might dominate
the result error since the number of respondents will be reduced on average by half. By
removing the answers of these respondents the natural variance of the sample will be
artificially reduced. Another way out in this case might be the removal of pairs of 1A but not all
the answers of the disengaged respondent. The quantity and proportion of IA is presented in
Table 5. The proportion range is from 12% to 32% for different modes, which in average is
twice as less as the proportion of the respondents with IA from Table 3.

Table 5 — Quantity and proportion of the irrational answers.

Plane Conv. Train Bus Car Total
Irrational Answers 599 242 518 883 2242
Total amount of answers 2279 1971 2285 2781 9316
Proportion of irrational answers 26% 12% 23% 32% 24%

We have also tested if respondents’ disengagement may depend on their social-economic
characteristics. The results of this analysis are presented in Table 6. The results of statistical
tests are in the last three columns, namely, binomial proportion confidence interval for a 95%
confidence level of error and test for equality of proportions between two samples (chi-
square and corresponding p-value) (see for example, Naranjo, 2009). In the latter each
group of respondents is tested against the global average of the other groups. The results
suggest that younger people are less susceptible to be disengaged and people of age
between 35 and 64 tend to give IA more often, while for the respondents older than 64 the
sample does not provide enough evidence of a significant difference between this group of
people and the rest of respondents (p-value exceeds 0.05). According to the statistical tests
students are less likely to give inconsistent answers. This might be explained by the fact that
students perform cognitive tasks more often and for them it is easier to understand the
problem. For some socio-economic characteristics, even when the percentage of disengaged
respondents is high, the absolute number of this group of people is so small that no
conclusions could be drawn (e.g. housewives, retired and unemployed people). The lower
income respondents tend to be less disengaged, in which case the reason might be that
many of this kind of respondents were students. At the same time it is difficult to explain the
results of the test which rejects the hypothesis that people with income between 18001 and
27000 euro and people with income between 45001 and 60000 have the same proportions of
IA answers as the other groups of income.

Table 6 — Disengagement for different socio-economic groups of respondents

Respondents with IA Proportion of respondents with IA Statistical Tests
Plane gr?;\r,\ Bus | Car | Plane 'Cr:’;‘r: Bus Car Mcl).\(!lles Cl (%) b vaF:l-Je
Age
0-15 0 0 0 0 - - - - - - - -
16-34 32 41 74 69 31% 36% 49% 62% 44% (40; 50) 6.37 0.01
35-64 83 22 48 116 54% 27% 55% 64% 53% (49; 59) 7.26 0.01
> 64 6 4 8 13 86% 18% 42% 72% 47% (35; 59) 0.13 0.72
Gender
Man | 81 | 37 | 90 [ 147 | 45% | 29% | 55% | 62% | 50% | (46;54) | 0.92 | 0.34
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Woman | 40 | 30 | 40 | 49 | 49% | 32% | 43% | 69% | 47% | (42;53) | 0.92 | 0.34
Employment
E”mt:)'fg;g?e“r / 13 3 3 | 21 | 54% | 30% | 50% | 53% | 50% | (39;63) | 0.03 | 087
g.dm'”'s"ator / 38 2 1 | 19 | 53% | 29% | 33% | 63% | 54% | (44;69) | 098 | 0.32
irector
Freelancer 14 7 15 | 36 | 47% | 24% | 52% | 73% | 53% | (44,62) | 0.73 | 0.39
Hired worker 52 29 | 70 | 92 | 44% | 32% | 53% | 65% | 50% | (46,56) | 058 | 0.45
Student 1 21 28 | 15 | 6% | 40% | 47% | 60% | 42% | (35.50) | 3.78 | 0.05
Housewife 1 0 2 | 3 | 100% | 0% | 67% | 100% | 75% | (45:1.09) | 2.16 | 0.14
Retired 2 4 6 | 11 | 100% | 17% | 35% | 65% | 38% | (26,50) | 2.98 | 0.84
Unemployed 0 1 3 [ 0 - 50% | 60% | 0% | 50% | (15;75) | 0.00 | 0.96
Others 0 0 2 | 1 - 0% | 100% | 33% | 38% | (4;51) | 0.44 | 051
Income

0-9000 € 0 8 11 ] 9 | 0% | 22% | 34% | 60% | 31% | (22,40) | 12.16 | 0.00
9001 - 18000 € 17 9 35 | 32 | 43% | 24% | 50% | 70% | 48% | (41;56) | 0.4 | 0.71
18001 - 27000 € 14 17 | 63 | 68 | 47% | 31% | 56% | 67% | 556% | (49;61) | 4.84 | 0.03
27001 - 36000 € 13 17 | 14 | 38 | 38% | 43% | 47% | 59% | 49% | (41;57) | 0.01 | 0.92
36001 - 45000 € 20 7 4 | 23 | 47% | 24% | 40% | 74% | 48% | (39;59) | 0.09 | 0.76
45001 - 60000 € | 34 5 3 | 19 | 61% | 42% | 75% | 58% | 58% | (49,72) | 3.74 | 0.05
> 60000 € 23 4 0 | 9 | 41% | 44% - 47% | 43% | (32;60) | 144 | 023
Not specified 0 0 0 0 - - - - - - - -

* The reference value of chi-square for the confidence level a=5% is y°=3.74.

Finally we tested SFL. It is obvious that if we increase the number of scenarios the
probability that a respondent will give an answer inconsistent with one of the previous
answers increases. Therefore, instead of comparison of different numbers of scenarios and
respective amount of IA, we compared the amount of 1A for the same number of scenarios
but depending on scenarios’ position in the sequence of the survey questions. For example,
we tested the amount of IA of each respondent for only first three scenarios, then for three
scenarios starting from the second and so on. We did similar tests for three, four, five and six
“moving” scenarios. Figure 1 presents the results. As one can see from the figures for three,
four, five and six “moving” scenarios the proportion of the disengaged respondents is
decreasing for bus and plane users as a respondent progress through the questionnaire. For
car and conventional train there is no so clear trend. The hypothesis which might be drawn
upon the results of these tests suggests learning of the respondents as they answer more
questions rather than fatigue. This might be reasonable since the amount of scenarios (nine)
is relatively small.

Survey fatigue tests for 3 "moving" scenarios Survey fatigue tests for 4 "moving" scenarios
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Figure 1 — Survey fatigue tests for (a) 3 “moving” scenarios, (b) 4 “moving” scenarios, (c) 5 “moving” scenarios,
(d) 6 “moving” scenarios.

GOODNESS OF FIT AND MODEL COEFFICIENTS

We tested the influence of keeping or removing only IA or all answers of disengaged
respondents on the statistical estimates of the corresponding binomial logit model. For the
pairs HSR-plane, HSR-conventional train and HSR-bus we’ve built models based on
answers of travellers along all the routes included in the survey. For the HSR-car pair we
have built models to be tested only for Lisbon-Porto link because the treatment of all the data
together did not provide reasonable signs of coefficients and goodness of fit statistics,
conditioned by the fact that the choice models were very different for car users travelling
along different links.

The “best” possible specifications were obtained in a combinatorial way for each case based
on the highest McFadden rho squared value, which are presented are presented in Table 7.
As one can see the removal of IA increased significantly goodness of fit of the model
represented with the McFadden rho squared for all the modes. Dismissing all the answers of
disengaged respondents improved the model fit statistics even more for all the modes except
car, although still better than “unclean” data model. In the case of the HSR-car model we can
observe substantial reduction of the number of the respondents.

Table 7 — “Best” specifications for raw data, data after removal of IA and data after removal of disengaged

respondents.
“Unclean” Data after Data after removal of
Data removal of I1A respondents with IA

HSR- Plane
McFadden rho 0.035935 0.127256 0.142597
Number of observation 2279 1680 1236
Number of respondents 264 261 143
Number of Parameters 10 11 9
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HSR- Conventional Train
McFadden rho 0.206335 0.285304 0.332956
Number of observation 1971 1729 1368
Number of respondents 219 219 152
Number of Parameters 10 10 10
HSR - Bus
McFadden rho 0.068316 0.240282 0.287383
Number of observation 2285 1767 1149
Number of respondents 258 258 128
Number of Parameters 9 8 9
HSR - Car
McFadden rho 0.023996 0.111741 0.084697
Number of observation 1728 1231 810
Number of respondents 192 192 90
Number of Parameters 7 8 9

The results of the influence of the IA answers removal on the binomial model coefficients are
presented in Table 8. The “hsr_ASC” is the HSR alternative-specific constant, “hsr_carown”
indicates if a respondent owns a car, “hsr_age”, “hsr_sex”, “hsr_empl”, “hsr_income” are the
respondents’ age, gender, employment and income, respectively, “hsr_who” corresponds to
who paid for the trip and “hsr_purp” means the trip purpose. “Hsr_delta_c”, “hsr_delta_tt”,
“hsr_delta_act”, “hsr_delta_fr” corresponds to differences between cost, travel time, access
time and frequency for HSR when compared to each alternative mode. As the reference
model for coefficients comparison, we adopted the model specification with dismissed IA but
without dismissing all answers from disengaged respondents. We did not choose models
using the raw data since they presented unreasonable coefficients’ signs.

The reduction of IA or all the answers of disengaged respondents change the t-statistics and
the signs of the calibrated coefficients. In case of the “unclean” data models one can observe
that the signs of some calibration parameters related to alternative-specific differences defy
the assumption of rationality of the respondents (highlighted in bold font). This issue
becomes solved for all the modes with exception of HSR-plane when only the IA are
removed. We have to note that in practice one should not keep a model with parameters of
unreasonable signs, however, we consider such models for comparison, in order to show
how the parameters’ signs might be changed due to manipulations with IA and other answers
of disengaged respondents. As one can also see from the table, the removal of |A increases
the coefficients magnitude and t-statistics values.

We have also calculated value of time (VOT) (Table 8) using the calibrated parameters in
order to evaluate the influence of IA removal in terms of behaviour analysis. The results
suggest that for HSR-Conventional Train and HSR-Bus the VOT hold, while for HSR-Plain
and HSR-Car these values varies substantially. These changes can probably be explained
by extremely poor goodness of fit of some of the models, especially in case of “unclean”
data.

Table 8 — “Best” specification for the data with all the respondents.

HSR- Plane
|  Unclean Data | Data after removal |

Data after removal of
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of IA respondents with 1A

Paremeter Beta t-stat Beta t-stat Beta t-stat
'hsr_ASC' 0.771 3.673 0.790 3.211 1.449 4.926
'hsr_carown' -0.322 -3.188 -0.317 -2.596 -0.927 -6.041
'hsr_delta_c' -0.573 -4.980 -2.180 -12.291 -1.931 -10.131
'hsr_delta_tt' -0.387 -3.504 -1.095 -7.491 -0.803 -4.347
'hsr_delta_fr' 0.089 1.556 -0.234 -3.486 -0.225 -3.029
'hsr_delta_act' 0.650 2.485 0.753 2.513 0.463 1.375
'hsr_age' 1.102 2.880 3.118 6.232 3.449 5.665
'hsr_sex' 0.191 1.984 0.212 1.776 -0.092 -0.642
'hsr_empl' -0.806 -4.538 -1.048 -5.152 -0.841 -3.812
'hsr_income' -0.619 -2.314 -1.330 -4.034 -1.830 -4.725
'hsr_purp' -0.420 -3.966 -0.610 -4.664 -1.079 -7.057
McFadden rho 0.037 0.127 0.144

Number of observation 2279 1680 1236

Number of respondents 264 261 143

Value of Time (VOT), euro/min 0.68 0.50 0.42

HSR- Conventional Train

Unclean Data

Data after removal

Data after removal of

of IA respondents with 1A

Parameter Beta t-stat Beta t-stat Beta t-stat
'hsr_ASC' -1.118 -5.257 -1.284 -5.291 -1.892 -6.394
'hsr_carown' 0.352 3.156 0.433 3.412 0.442 2.921
'hsr_delta_c' -6.311 -6.370 -11.655 -9.924 -9.474 -7.298
'hsr_delta_tt' -0.635 -3.162 -1.436 -6.345 -0.933 -3.619
'hsr_delta_fr' -0.732 -5.534 -1.258 -8.218 -1.399 -7.872
'hsr_delta_act' -0.576 -1.661 -1.771 -4.519 -0.843 -1.842
'hsr_age' -1.345 -3.687 -1.460 -3.535 -1.075 -2.227
'hsr_income' 2.702 7.533 3.041 7.433 4.130 8.396
'hsr_purp' -0.452 -3.624 -0.480 -3.384 -0.406 -2.446
'hsr_who' 1.679 10.472 1.958 10.620 2.159 9.797
McFadden rho 0.206 0.285 0.333

Number of observation 1971 1729 1368

Number of respondents 219 219 152

Value of Time (VOT), euro/min 0.10 0.12 0.10

HSR- Bus

Unclean Data

Data after removal

Data after removal of

of IA respondents with 1A

Parameter Beta t-stat Beta t-stat Beta t-stat
'hsr_ASC' -1.099 -6.928 -1.307 -6.338 -2.252 -7.866
'hsr_carown' -0.089 -0.982 -0.075 -0.635 -0.352 -2.205
'hsr_delta_c' -3.831 -6.771 -13.638 -14.052 -9.167 -8.5653
'hsr_delta_tt' -0.375 -5.883 -1.353 -12.087 -0.886 -6.502
'hsr_delta_fr' -0.031 -0.767 -0.576 -8.056 -0.600 -6.437
'hsr_delta_act' 0.393 1.883 -1.725 -6.226 -0.095 -0.258
'hsr_age' 0.710 2.433 0.870 2.374 1.930 4.185
'hsr_sex' 0.203 2.125 0.221 1.824 0.218 1.373
'hsr_income' 1.467 3.135 1.596 2.738 2.500 3.334
McFadden rho 0.067 0.240 0.283

Number of observation 2285 1767 1149

Number of respondents 258 258 128

Value of Time (VOT), euro/min 0.10 0.10 0.10

HSR- Car

Unclean Data

Data after removal

Data after removal of

of IA respondents with 1A

Parameter Beta t-stat Beta t-stat Beta t-stat

'hsr_ASC' 0.190 0.872 -1.064 -3.987 -0.277 -0.888
'hsr_delta_c' 0.710 2.751 -1.110 -3.136 -1.095 -2.602
'hsr_delta_tt' 0.415 1.796 -1.780 -5.544 -1.237 -3.184
'hsr_age' 1.031 2.738 2.016 4.230 2.652 4.406
'hsr_empl' -0.235 -1.618 -0.488 -2.807 -0.764 -3.5631
'hsr_income' -1.317 -3.561 -2.105 -4.343 -3.401 -5.847
'hsr_purp' 0.190 1.491 0.570 3.545 0.475 2.428
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'hsr_who' 0.054 0.399 -0.319 -1.854 -0.323 -1.592
McFadden rho 0.022 0.112 0.074
Number of observation 1728 1231 810
Number of respondents 192 192 90
Value of Time (VOT), euro/min 0.58 1.60 1.13

SUMMARY OF RESULTS, DISCUSSION AND CONCLUSION

In this study disengagement of respondents was measured as a quantity and proportion of
respondents with IA and respondents always choosing the same mode and as influence of
the disengaged respondents’ answers on the model statistical estimates. In addition the
socioeconomic characteristics of the disengaged respondents have been analyzed in order
to detect groups more susceptible to producing IA. The key findings of this study reveal:

Very high level of respondents’ disengagement resulting in mutual inconsistency of
answers of the same respondent. The higher level of disengagement was presented
by private car users (69% of the respondents). The main reason might be that while
the bus, conventional train and plane users were interviewed at the stations and
therefore possessed some time to answer the survey questions and to put more
cognitive efforts in it, in case of car users it was very difficult for an interviewer to find
a similar comfortable situation.

The amount of respondents always choosing the same mode is also relatively high
(16-33%). Most of these respondents choose the current mode rather than
hypothetical HSR and the more similar the current mode to HSR is, the more “rigid”
the respondents are in their answers.

The statistical tests showed that students and younger people are less often
disengaged.

For the nine scenarios presented to the respondents survey fatigue was not clearly
observed. Instead, learning tendencies were demonstrated for some modes, meaning
that respondents give more consistent answers as they move through the
questionnaire. This is in compliance with previous ideas of learning presented by Plott
(1996) and starting-point bias theories (Boyle et al., 1985; Flachaire and Hollard,
2007; Ladenburg and Olsen, 2008).

In terms of influence on the goodness of fit, model specification and calibrated
parameters, the findings suggest that the goodness of fit increases significantly if IA
are removed from the survey results. And unless the sample size becomes too small
for statistical inference, the goodness of fit measures might be improved even more in
case all the answers of the disengaged respondents (the respondents which has at
least one pair of 1A) are removed. Furthermore, by dismissing the IA the situations
when a coefficient with a “wrong” sign is statistically significant is more likely to be
avoided.

Removing IA might change the behavioral analysis results in the end.

Our results suggest that even in case the pilot survey has been thoughtfully applied one, the
alternative specific attributes and their combinations are appropriate and realistic, the
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number of alternatives for each question, the number of questions, attributes and their levels
is relatively low, and the factorial design has been applied, still, the respondents’
disengagement resulting in irrationality of their answers might be quite substantial. The main
issues here might be related with inability of understanding the task and taking the “low road”
of the cognitive performance, satisficing, lack of motivation, even some unreported issues
with the interviewers and particular circumstances under which the responses were
collected. Some dependencies of disengagement from age and occupation detected in this
study might lead to the idea that the understanding of the task and requirements related with
abstract thinking are major problems for the respondents. The higher proportion of
disengaged car users shows that environment and circumstances under which the interview
is taken could be also crucial. Furthermore, the high number of people always choosing the
same mode indicates either their insensitivity to changes in attributes’ levels, or the adoption
of lexicographic choices based on the mode label, or their irrationality from rational utility
theory point of view, which also compromises the validity of the modelling results.

Simple increase of the sample in this case and deleting the IA gives better results in terms of
model statistics, however, it artificially decreases the actual variance of the respondents’
choices. As there is evidence that disengagement is correlated with some socio-economic
characteristics of a respondent, the removal of IA might result in decreased
representativeness of the sample. Due to the fact that the hypothesis of survey fatigue has
not been confirmed, decrease of the number of scenarios would unlikely solve the
disengagement problem. Based on this we can suggest that one possible way out to
decrease the disengagement of the respondents might be a feedback from the interviewers
and better explanation of the task. In case of respondents always choosing the same mode
an additional open question may be asked on the particular values of the attributes for which
the respondent would agree to change his or her mind. The problem in this case will be an
increase of survey cost (more time consuming and interviewers should be more qualified)
and impracticality of surveying situations where more thorough interview is not possible (for
example, roadside interviews of car users). In the latter case additional or different survey
techniques might be conducted (home interviews, interviews by phone or internet-based),
which, again, will impact on costs. In this case the task for the decision maker from the
modellers’ side would be to find a trade-off between the acceptable survey quality and the
costs.

We would suggest conducting more studies in order to understand the learning mechanisms

of the SPS respondents and connection between disengagement and socio-economic
characteristics of a respondent in order to take it into account in future SPS design.
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