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Open-Ended Versus Closed-Ended Responses:
A Comparison Study Using Topic Modeling

and Factor Analysis
Vishnu Baburajan , João de Abreu e Silva, and Francisco Camara Pereira , Member, IEEE

Abstract— For practical reasons, surveys that aim for a large
number of respondents tend to restrict themselves to closed-ended
responses. Despite potentially bringing richer insights, the use
of open-ended questions poses great challenges in terms of
extracting useful information while significantly increasing the
analysis time. Nevertheless, automatic text analysis techniques
speed up the analysis of open-ended responses. In this research,
we explore the potential to use techniques in topic modelling
[Latent Dirichlet Allocation (LDA) and Supervised LDA (sLDA)]
to extract information from open-ended responses. This is com-
pared to the information obtained from closed-ended responses,
accomplished using a questionnaire that measures the intention
to use shared autonomous vehicles (SAVs). Two versions of the
questionnaire- Ver_OE and Ver_Lk were used, with open-ended
and Likert scales measuring the same attitudes in the alternative
versions. Factors were extracted for closed-ended questions.
For questions common to both versions of the questionnaire,
respondents answering Ver_OE had a higher positive attitude
towards autonomous vehicles. These attitudinal questions were
placed after the open-ended questions. When evaluating the
performance of the models that predict the intention to use SAVs,
models estimated using Ver_OE performed better. This increased
further with the inclusion of the information extracted from the
open-ended responses using both, the unsupervised (LDA) and
supervised (sLDA) methods. No improvement was observed in
the model for Ver_Lk. These indicate the potential for the use of
open-ended questions to measure attitudes and topic modelling
to extract information from these responses.

Index Terms— Topic modelling, latent dirichlet allocation,
supervised latent dirichlet allocation, Likert scales, open-ended
questions, travel behaviour research.

I. INTRODUCTION AND BACKGROUND

ATTITUDES are psychological constructs characterising
an individual. They are qualitative and are important for
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both researchers and policymakers alike. They have profound
applications in multiple fields, particularly in psychology [1],
[2] and politics [3]–[6]. In the field of transportation, they have
been used to analyse the intention to use a new service [7],
[8], attitudes towards services [9], traveller preferences [10],
and attitudes towards driving behaviour [11], [12], to mention
a few.

To measure the attitudes towards AVs we could use closed-
ended question such as, “Your opinion on AVs on a rat-
ing scale of 1-5 is …” or an open-ended question “Tell
us your opinion about AVs”. However, are closed-ended
or open-ended responses better suited for measuring latent
construct? This research question has drawn significant atten-
tion among researchers from different disciplines. The bal-
ance has however shifted mostly in favour of the use of
closed-ended responses mainly due to the very fast operation
for closed-ended surveys [13] and higher completion and
execution time for open-ended surveys [14].

When the closed-ended approach is used, individuals are
presented with statements describing the attitude being mea-
sured. Individuals interpret the question, understand the atti-
tude being measured, and retrieve the relevant beliefs and
feelings. The individual then applies these to arrive at an
appropriate judgement before selecting the point on the scale
that best describes the attitude [15]. Bipolar scales are based on
the notion that attitudes are bipolar constructs ranging between
the two extremes. Unipolar scales measure the amount of
importance of an attitude to an individual [16]. The simplicity
in use, easiness in administering and coding has contributed
to the widespread use of closed-ended approach [17]. How-
ever, it does suffer from some drawbacks. The analyst must
make careful decisions regarding the length, the inclusion
of midpoint, labelling, etc. before using a scale [16]. The
optimal number of points on a scale has been a subject of
intense debate with researchers arguing in favour of 5- and
7-points scales [18], [19], a debate that has yet not reached a
consensus [20], [21]. Researchers use several types of scales,
often ranging from 3- to 7-points to measure attitudes [9], [11],
[22]–[24]. Another challenge associated with the use of closed-
ended responses is if neutral points (middle point) should be
included or not. Scales without neutral point prevent respon-
dents from choosing the middle option [17] and reduce social
desirability bias [25]. This may, however, force individuals
who are neutral to agree or disagree, eventually making it
impossible to capture their attitudes [26]. Furthermore, they
suffer from acquiescence by endorsing statements to satisfy
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enumerators [17]. In online surveys, respondents can be more
sensitive to scales [27] and the visual presentation (horizontal
v/s vertical) of scales can have implications on the responses
[28]. Despite these, closed-ended responses have been and
continue to be widely used in research.

On the other hand, open-ended approaches encourage indi-
viduals to formulate their thoughts and articulate the same
in words. Open-ended questions perform better at measuring
knowledge and produce more reliable and valid information
[29]. They are effective in capturing attitudes about issues that
are relatively complicated and new, or that might garner very
little attention or even issues about which people may not have
thought extensively [30]. They can also be used to measure the
frequency of undesirable behaviour such as smoking, alcohol
consumption, etc., [17]. Compared to the closed-ended, open-
ended increases the burden of the respondents, enumerators
and analysts [31]. Some researchers argue that they measure
the ability of the respondent to articulate a response and
not the attitude [32]. The space for open-ended responses,
clearly stated instructions [33] and respondent’s interest [6],
[34], could affect response length and quality of information.
Item non-response [34], ambiguity in responses [14], survey
break-off [35] are some of the other issues associated with
the use of open-ended questions. These aspects have deterred
the widespread use of open-ended responses to measure
attitudes.

Recent advances in Topic Modelling open up possibili-
ties for the extraction of information from text. They have
been previously used in the prediction of nonhabitual over-
crowding of public transport [36] and taxi demand [37]
based on information on the special events on the internet,
travel route recommendations using geotagged photos [38],
[39] and discover trip patterns such as destination, time
of arrival, day of the week and stay duration using data
from transit smart card records [40]. In addition to this,
Zhao et al. [40] also distinguishes between home, work and
other activities, whereas Wang et al. [41] focussed only on the
identification of trip purpose for public transportation trips.
Hasan and Ukkusuri [42] used the information shared on
social media platforms to obtain multi-day activity patterns of
individuals.

To extract information from the open-ended responses
from the American National Election Study (ANES),
Roberts et al. [43] used structured topic models. Topic mod-
elling was used to extract information from open-ended
responses in the context of market research. This reduced
the analysis time and human bias, but the accuracy of
predictions was affected by the frequency of topics. Fur-
thermore, the number of topics could adversely affect the
quality of the topics [44]. Tvinnereim and Fløttum [45] and
Mitsui et al. [46] used topic modelling to extract information
from the open-ended survey questions related to climate
change and protected area assessment respectively. We could
not find the application of topic models to extract information
from open-ended responses in the context of travel behaviour
research. If found beneficial, policymakers and analysts could
use these techniques to extract information from open-ended
responses in travel behaviour research.

We investigate the potential for the use of topic models to
extract information on attitudes from open-ended responses
and to quantify the improvements with its use. We use as a
case study the intention to use Shared Autonomous Vehicles
(SAVs). To measure the attitudes towards SAVs we could
use closed-ended question such as, “Your opinion on SAVs
on a rating scale of 1-5 is …” or an open-ended question
“Tell us your opinion about SAVs”. Two versions of the same
questionnaire are used, with one version using open-ended
questions to collect information on some of the attitudes and
the other using only Likert scale questions.

To understand the potential for the use of open-ended
responses to measure attitudes, we extract variables from
open-ended questions using the Latent Dirichlet Alloca-
tion (LDA) and supervised Latent Dirichlet Allocation
(sLDA). They are then used to estimate models to predict
the intention to use Shared Autonomous Vehicles (SAVs).
Variables describing attitudes, subjective norms, and perceived
behavioural control are also included in the model. The
goodness-of-fit of these models is used to quantify improve-
ments with the use of open-ended responses.

This paper comprises five sections. The following section
describes the questionnaire design and the data collection. The
third section describes the data. A detailed discussion of the
methodology is presented in the fourth section. The results
of the model estimation are presented in the fifth sections.
The last section summarises the findings of our research and
discusses the directions for future research.

II. QUESTIONNAIRE DESIGN AND DATA COLLECTION

To design the questionnaire, we used the Theory of Planned
Behaviour (TPB) [47]- widely used in travel behaviour
research [7], [9]. TPB posits that attitudes, along with sub-
jective norms and perceived behavioural control shape an
individual’s behavioural intention and eventually behaviour.
To identify the attitudes, we identified the factors that influence
the intention to use Autonomous Vehicles (AVs). We use
these, along with the attitudes influencing the use of public
transportation to measure the intention to use SAVs. It depends
on the technological savviness, environmental consciousness
[48], socio-demographic characteristics and familiarity with
the advances in vehicle technology [49]. Attitudes about AVs
were based on the perceptions about its effect on road safety
[50]. Individual’s perception of improvements to transportation
system efficiency with the use of AVs, through congestion
mitigation, better transport and parking operations; reduced
fuel consumption; while ensuring mobility for all is likely to
influence their use [51], [52]. The concerns regarding their use
are often linked to pricing and licensing of vehicles, litigation
and liabilities during accidents, security threats due to hacking
and system failures, and privacy [51], [53]. A comprehensive
review of the recent developments in the literature on AVs,
in terms of the frameworks used for measuring perceptions
and the potential benefits and impacts, is presented in detail by
Gkartzonikas and Gkritza [52]. These factors are incorporated
into the design of the questionnaire.

The questionnaire was divided into seven sections. The first
two sections of the questionnaire focussed on the technological

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on December 11,2020 at 09:31:23 UTC from IEEE Xplore.  Restrictions apply. 



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

BABURAJAN et al.: OPEN-ENDED VERSUS CLOSED-ENDED RESPONSES: A COMPARISON STUDY 3

savviness and environmental consciousness of the individ-
ual. The third, fourth and fifth sections of the questionnaire
captured information related to attitudes, subjective norms
and perceived behavioural control, respectively. In the third
section, respondents are presented with statements related to
the potential benefits and impacts of AVs to the individual and
society. Statements capturing subjective norms and perceived
behavioural control are presented in the fourth and fifth
sections of the questionnaire. The statements used in the study
are presented later in Table IV. Current travel and socio-
demographic characteristics are captured in the sixth and sev-
enth sections. Version “Ver_Lk” used the 5-point Likert scale
only, whereas version “Ver_OE” used a combination of 5-point
Likert scales and open-ended questions in first, second and
third sections of the questionnaire. The survey deployed online
presented alternative versions of the questionnaire randomly to
the respondents.

The survey was disseminated in India between Novem-
ber 2017 and March 2018 using Facebook and WhatsApp,
with the help of bloggers. The collected data were checked for
inconsistencies and incomplete records were removed. Also,
records of individuals not answering the intention to use SAVs
were removed. Later, individuals taking more than an hour
to complete the survey were excluded- as we suspect such
responses to lack coherence. To deal with respondents answer-
ing the questionnaire too quickly (a.k.a. speeders), we relied
on the method proposed by Qualtrics [54]. Furthermore, the
responses were analysed to identify if respondents answered in
patterns (straight-line and diagonal responses). Speeders who
also answered in straight lines in at least two or more sections
were excluded from further analysis.

III. DATA DESCRIPTION

565 (Ver_Lk- 316, Ver_OE- 249) respondents started par-
ticipating in the survey and 435 (Ver_Lk- 239, Ver_OE-
196) completed the survey. 38 (15.9%) respondents from
Ver_Lk and 33 (16.8%) respondents from Ver_OE answering
too quickly or in patterns were removed. The final dataset
(after cleaning) comprises a total of 364 complete responses-
201 for Ver_Lk and 163 for Ver_OE of the questionnaire
respectively. On average, respondents answering Ver_Lk of
the questionnaire took 11 minutes 43 seconds (standard
deviation- 7 minutes 42 seconds) to complete and those
answering Ver_OE took 15 minutes 49 seconds (standard
deviation- 8 minutes 39 seconds). The socio-demographic
characteristics of the individuals are presented in Table I.

It can be observed that the distributions of the variables are
almost similar for the two versions of the questionnaire. The
reliance on bloggers could have increased the participation
in the survey but might have affected the representativeness
of the dataset [55]. To enable a fair comparison of the
responses between the two versions of the questionnaire,
we evaluated if the obtained samples are comparable. The
distributions of the socio-demographic variables answering
the alternative versions of the questionnaire were analysed
using the Mann-Whitney U test [56]. The differences were
not statistically significant.

TABLE I

SOCIO-DEMOGRAPHIC CHARACTERISTICS OF THE INDIVIDUAL

Fig. 1. Frequency Distribution of Intention to Use SAVs.

Referring to Fig 1, a significant percentage of the respon-
dents (∼72%) for both versions are in favour of using SAVs.
Even though our study focussed on SAVs, it is encouraging
to observe that it resonate with the findings of Schoettle and
Sivak [57], in which respondents from India and China are
more positive about using AVs in general. It is also worth
noting that a similar observation regarding the use of pooled
AVs was also made by Stoiber et al. [58]. Respondents answer-
ing the attitudinal questions in Ver_OE of the questionnaire
were more in favour of using SAVs, however, the increase
was only marginal and not statistically significant. We see a
small decline in the number of respondents in the “Neutral”
category- individuals are slightly more decisive.

When analysing the response to questions measuring the
attitudes, the majority of the respondents did not choose
the extreme values (“Extremely Unlikely/Strongly Disagree”
and “Extremely Likely/Strongly Agree”). Furthermore, the
ratings were skewed to the agree/likely side of the Likert
scale. Respondents answering Ver_OE were on average more
positive (an average change in percentages of 4.8%) in their
perceptions towards AVs for nearly 2/3rd (14) of the questions.
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TABLE II

AVERAGE NUMBER OF WORDS PER RESPONSE

These differences were, however, not statistically significant.
Open-ended questions demand the respondent’s additional
time to think about the answers and to articulate the response.
This could potentially influence the thought process of the
individual and the responses to the Likert scale questions
placed after the open-ended questions.

When asked about the potential impacts of AVs to society,
respondents are positive about the societal impacts of AVs. The
most appreciated benefit of AVs is the capability of making
travel easier for people with driving restrictions. Nearly 70% of
the respondents believe that AVs will make travel more envi-
ronmentally friendly and reduce transport induced pollution.
Almost an equal proportion of respondents have the notion that
AVs will reduce congestion and accidents. When asked about
the negative effects, particularly on the employment sector,
about 60% agreed that AVs could cause unemployment of
existing drivers. More than half of the respondents approved
that it might create new jobs for skilled workers.

Four open-ended questions were used. Responses were
cleaned by removing all punctuations and “stopwords”- some
of the most frequently used words that do not convey any
specific meaning in this context. Additionally, each of the
words was reduced to their root form using “Stemming”. The
words so obtained are used for analysis. The average number
of words used by each respondent in the original response
and the cleaned data for each of the open-ended questions is
presented in Table II.

We explored the distribution of these cleaned words. Here-
after, we will be referring to the words after stemming
and spellings might be different. For the first OE1, “book”
(12.10%), “map” (7.66%), “ticket” (6.95%), “googl” (3.95%)
and “find” (3.71%) were the five most frequently used
words. To answer OE2, “pollut” (10.93%), “emiss” (4.45%),
“vehicle” (3.64%), “air” (2.53%) and “fuel” (2.13%) were
used. When asked about the benefits of AVs to the society,
respondents used “reduc” (9.76%), “accid” (4.73%), “pollut”
(3.12%), “drive” (2.52%) and “less” (2.41%). “Job” (3.74%),
“driver” (2.71%), “vehicl” (2.43%), “may” (2.25%) and “loss”
(2.15%) were used when asked about the negative impacts of
AVs to the society.

IV. METHODOLOGY

The questions about attitudes, subjective norms and per-
ceived behavioural that used Likert scales, were reduced to a
smaller number of factors using principal components factor
analysis with Varimax rotation [59].

Fig. 2. Probabilistic Graphical Model for sLDA.

To extract information from the four open-ended questions
in Ver_OE, LDA and sLDA were used. Before explaining
sLDA, we explain LDA- a popular method in Topic Modelling
that aims to identify latent constructs in text data. Having such
latent variables, we transform each of the open-ended response
into numerical values to be used for prediction. LDA is similar
to a multinomial principal component analysis (PCA) as LDA
converts a text document (represented by word frequencies)
into a linear combination of topics (represented by word
frequencies). The linear combination of topics is conceptually
comparable to the eigenvectors in PCA. In LDA, the given
set of documents are represented in the Bag of Words (BoW)
format, which is a vector of word frequencies. Using BoW
and K topics, LDA extracts a set of K topics that minimise
the reconstruction error of the original documents. Each of
the extracted topics will also be a BoW. When each of the
future documents is projected on the topic space, they are
re-represented as a combination of K topics. In addition to
the number of topics, LDA requires two additional parame-
ters, α and η, that determine the sparsity of document-topic
and response variable distribution priors respectively [60].
In sLDA, the documents and the responses are modelled
jointly to obtain the latent topics that best predict the response
variable [61]. In other words, it is a supervised method, where
the resulting topics are the ones that maximize the accuracy
of a certain model (in our case, predict SAVs acceptance).

The Probabilistic Graphical Model for sLDA is presented
in Fig 2. Referring to the figure, the dataset comprises of “D”
documents comprising of “N” words each Wd,n (n = 1 …N
and d = 1 …D). Every word is assigned to a topic, among K
available topics. Each topic k (k = 1 …K) consists of a vector
βk, that contains the words and associated frequencies in this
topic.

The result is that for a given corpus of documents and
a response variable, a set of topics that span across every
document can be obtained. These set of topics act as their
“common building block”. Furthermore, for every document,
a set of “K” numbers indicating “how much” each of these
documents belongs to the building blocks can be obtained.
We use them for the estimation of the models. The topics are
assessed for their meaningfulness along with the inter-topic
distance between the topics. An investigation into the overlap
will provide insights on whether the topics are distinct.

The dependent variable of interest in the dataset captured
the intention to use SAVs using a 5-point Likert scale ranging
from highly unlikely to highly likely. Considering the ordinal
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nature of this variable, ordered Probit model was used in the
estimation. For more details about the underlying principle and
the estimation techniques of ordered Probit models, readers
may refer to the work of [62].

V. RESULTS AND DISCUSSION

In the first sub-section, we present the results of the topic
models. Later, a discussion on some of the key inferences
drawn from the comparison between open-ended and corre-
sponding Likert scale questions is presented. The final two
sections discuss the results of the factor analysis and the
estimated model for the “intention to use SAVs”.

A. Results From the Topic Models

The responses from the open-ended part were extracted
using LDA and sLDA. We do not see an improvement with
the use of sLDA over LDA, which could be because of
the significant overlap between the topics extracted from
LDA and sLDA for our dataset. In the discussions presented
below, we will be using the prefix “To_L” for topics extracted
using LDA and “To_S” for topics extracted using sLDA. For
example, the first topic extracted for OE1 will be labelled
To_L11 and To_S11 for LDA and sLDA respectively. The
top 5 words of each topic for the open-ended questions are
presented in Table III.

Using the responses to OE1 from users, we extracted
three different topics (uses of smartphones for travel-related
needs). The first was related to the finding places of inter-
est and navigation to the identified place (To_L11/To_S11).
Travel planning and finding the status (location and traffic
updates) of transport modes was another use of a smartphone
(To_L12/To_S12). The third use (To_L13/To_S13) was related
to finding hotels and making reservations, flight tickets and
taxi services.

The different perspectives of individuals related to the
environmental impact of transportation can broadly be clas-
sified into three. To_L21/To_S21 was related to pollution
(air and noise) and the contribution of transportation induced
pollution to global warming. This was driven primarily by the
increasing reliance on personal vehicles, due to the lack of
public transportation. To_L22/To_S22 also discussed the role
of air and noise pollution but emphasised on the wastage of
natural resources. To_L23/To_S23 was related to increasing
air pollution and dependence on fossil fuels.

The potential benefits of AVs to society can be cat-
egorised into four. Respondents considered AVs futuris-
tic and discussed savings on travel time and resources
(To_L31/To_S31). Individuals opined that the use of AVs will
probably improve public transport and eliminate the stress of
driving (To_L32/To_S32). AVs may reduce accidents due to
human errors while minimising pollution (To_L33/To_S33).
Increased road efficiency, safety and reduction in fuel usage
was the fourth benefit (To_L34/To_S34).

There are three major concerns about the use of AVs, shared
by the respondents. Individuals believe that AVs may increase
accidents as it is prone to system errors and software hacking
(To_L41/To_S41). Individuals share concerns over the loss

TABLE III

TOP 5 WORDS FOR EACH TOPIC FOR OPEN-ENDED QUESTIONS

of employment, particularly of drivers (To_L42/To_S42). The
third topic (To_L43/To_S43) discussed mostly the technolog-
ical needs for such a control system and its associated safety.

To analyse if the extracted topics are distinct, we com-
puted the inter-topic distance. The results were presented
visually using pyLDAvis [63]. There is no overlap between the
extracted topics, which has the positive side-effect of reducing
multicollinearity.

B. Comparison of Likert Scale and Open-Ended Questions

We analysed if we could find a correspondence between
the open- and closed-ended responses. Open-ended questions
can be considered appropriate for measuring attitudes if the
topics extracted from open-ended questions are related to the
statements presented in Likert scale questions.

To begin with, we tested the internal reliability of the Likert
scale responses using Cronbach’s Alpha values. The estimated
values for “Ver_Lk” and “Ver_OE” of the questionnaire were
0.831 and 0.830 respectively- indicating the questionnaire to
be reliable. To test the validity of the questionnaire, we com-
pared the average scores for the Likert scale responses among
two groups (does not follow news about AVs v/s follow
news about AVs). Respondents following news about AVs
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seem to have answered responded correctly to the statements.
The differences between the two groups were statistically
significant (t-stats) for both versions (“Ver_Lk”- 14.65 and
“Ver_OE”- 9.49) of the questionnaire indicating the validity
of the questionnaire.

In three out of the four open-ended questions used in this
research, we found similarities between the extracted topics
and the statements used for the Likert scales. For the questions
related to transportation induced environmental problems, the
topics extracted from open-ended questions did not identify the
need for huge infrastructure but identified other aspects used
in Likert scale questions. Infrastructure improvements may be
considered a necessity for mobility which could probably be
the reason for people to not have identified it as an environ-
mental issue. However, open-ended responses also discussed
the link between transportation and global warming. For the
question related to the potential benefits of AVs, the responses
mostly covered aspects related to increased traffic efficiency,
fuel efficiency, savings in travel times, reduced pollution and
accidents. The respondents did not discuss the potential of
AVs to reduce demand for parking spaces or address gender
equity issues related to mobility. Respondents answering the
open-ended question related to the potential impacts of AVs
to society did cover some of the actual concerns related to its
implementation such as loss of employment opportunities, the
potential for system failures and hacking and the need a costly
and sophisticated control system.

The open-ended question on the use of smartphones for
travel needs “OE1”, is an illustration of the need for a careful
design of open-ended questions. The closed-ended question
focussed on the frequency of use of smartphones for various
travel needs, however, our open-ended question was targeted
at identifying the uses. There is no correspondence and hence
cannot be used for the estimation of the models. However,
we would like to emphasize, that we could extract meaningful
topics from the responses to this question.

C. Results of Factor Analysis

Factor analysis was performed on the attitudinal questions
presented on a 5-point Likert scale. For consistency, the same
number of factors are estimated for both datasets. The results
are presented below in Table IV. Kaiser-Meyer-Olkin (KMO)
statistics for the factors are found reasonable. These factors are
used in the estimation of the model for predicting the intention
to use SAVs.

For the question related to the potential benefits of AVs to
society, two factors “Positive benefits of AVs on society 1” and
“Positive benefits of AVs on society 2” were extracted. “Pos-
itive benefits of AVs on society 1” encompasses the benefits
in terms of making travel more environmentally friendly, less
polluting and safe- by reducing accidents. “Positive benefits
of AVs on society 2” represents benefits such as reducing
gender equity issues in travel and making travel easier for
people who cannot otherwise drive. Reduction in congestion
and accidents are other benefits accounted for, by both factors.
The influence of AVs on employment is captured by “AVs
impact on employment”.

TABLE IV

RESULTS OF FACTOR ANALYSIS

The factor “positive attitude of the individual on AVs”
includes the notion of using AV as being “cool”. In addition
to this, the benefits from elimination of parking-related issues,
stress from driving and the ability to perform other activities
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during travel are also captured by this factor. The perception
that friends and family will use AVs, will be positive about
the individual using AV, them believing that AVs will reduce
congestion, pollution and accidents are captured by the factor
“Subjective norms”. The confidence that the system will
be conducive for use is captured by “Perceived behavioural
control variables 1”, whereas the concerns that may remain
unaddressed is represented by “Perceived behavioural con-
trol variables 2”. “Perceived behavioural control variables 1”
includes the belief that the system will be protected against
failures and hacking and that the interaction with other vehi-
cles will be safe. It also covers the confidence that use of AVs
will ensure that the travel is more environmentally friendly and
efficient. The concerns about the payment system, liabilities
in the event of an accident and affordability are captured by
“Perceived behavioural control variables 2”.

D. Model Estimation and Discussion of Results

For both versions of the questionnaire, we estimate a
model “MI” using variables related to the Theory of Planned
Behaviour only. Later, for each version of the questionnaire,
we included variables related to the environmental effects
of transportation. For Ver_Lk, we introduce the variable
“Role_Pol” with the corresponding model being named “MF”.
For Ver_OE, we estimated two models by including the
topics related to the environmental effects of transportation
induced pollution- “MLDA” (using LDA) and “MSLDA” (using
sLDA). Notice that we only have one topic variable, as only
this variable was statistically significant. This is discussed in
detail in the subsequent paragraph. The relative performance
of each of these models is compared. The models were
estimated using a training set (90%) and test set (10%).
Table V presents the estimation results for the training set
for the intention to use SAVs. The threshold parameters for
the ordered Probit model along with initial log-likelihood
(LLI), final log-likelihood (LLF) and McFadden pseudo-R-
squared value (ρ2) are also presented. MI had a ρ2 value
of 0.16, and there was no improvement with the addition of
the environmental pollution-related variable (MF) for Ver_Lk.
The performance of the model was superior for Ver_OE of
the questionnaire. MI for Ver_OE had a ρ2 value of 0.227,
which improved to 0.242 and 0.245 for MLDA and MSLDA
respectively. A similar improvement can be observed for other
goodness-of-fit measures also. Questions related to the pollu-
tion asked in Ver_Lk of the questionnaire did not improve the
performance of the model. This could be because of the very
small variability in the response to the Likert scale question.
However, in Ver_OE, there was an improvement with the
addition of the topic variable related to pollution. This could
be because this variable (To_L23/To_S23) extracted more
relevant information compared to the Likert scale question on
pollution. It also captured the underlying factor- increase in
vehicles, lack of public transport.

For both versions of the questionnaire, positive attitudes
of the individual on AVs is associated with an increase in
the intention to use SAVs. The coefficients are, however,
statistically significant only for Ver_OE of the questionnaire.

TABLE V

ESTIMATION RESULTS OF THE MODEL FOR “INTENTION TO USE SAVS”

It can also be observed that a positive perception among
friends and family and their supportive nature also contributes
positively to the intention to use SAVs. The coefficient for
subjective norms loses its statistical significance for MLDA
and MSLDA in the 90% training set. However, the variable is
statistically significant for the full dataset (100% observations)
and hence, we suspect this likely loss of statistical significance
in the training set (for MLDA and MSLDA) to be due to the
low sample size (145 observations). The factor related to
the confidence in the system has a positive and statistically
significant coefficient for both versions of the questionnaire.
This emphasises the need to improve the confidence that
the system is protected against hacking and failures and
that the interaction with other vehicles is safe. The factor
capturing the concerns associated with the use of AVs such
as affordability, liabilities in the event of an accident and
payment for the service influences negatively the intention
to use SAVs in Ver_OE. The factor has, however, a positive
and statistically insignificant coefficient for Ver_Lk of the
questionnaire. When comparing the coefficients, it can be
observed that the factor associated with the positive benefits of
AVs and the concerns with AVs is not statistically significant
for Ver_Lk, but it is significant for Ver_OE. Between the two
versions, the only difference is the introduction of open-ended
questions related to the potential benefits and issues with the
use of AVs. Answering these questions would have demanded
additional thinking from the respondents. This could explain
the difference in the coefficients. Moreover, this might have
eliminated the careless responding to Likert scale questions.
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TABLE VI

COMPARISON OF THE GOODNESS-OF-FIT MEASURES FOR THE
TRAINING SET AND TEST SET

As reported earlier, we see an improvement in the percep-
tions towards AVs and its use among respondents answering
Ver_OE of the questionnaire. This could be because answering
the open-ended questions could have made them provide
answers based on more deliberative reasoning. Respondents
who believe that transportation is a major source of envi-
ronmental pollution are more likely to use SAVs, probably
because of the notion that shared systems are more sustain-
able. The effect is however not observed for Ver_Lk of the
questionnaire, in which a Likert scale question was used.
We also tested the effect of the benefits of AVs to the society
(using a factor for Ver_Lk and topics for Ver_OE) on the
intention to use SAVs. The variables were not statistically
significant, probably because respondents are more focussed
on the potential benefits to the individual and not to the society.

To test the predictive capability of the estimated models,
we applied the models to predict the intention to use SAVs
using a test set with 10% randomly selected observations.
The performance of the goodness-of-fit measures for both
the training set and the test set is tabulated in Table VI.
It can be observed that the performance of the models is
better for Ver_OE in comparison to Ver_Lk. A similar trend
can be observed for the test set also. When computing the
adjusted ρ2, negative values were obtained for the test set for
Ver_Lk. This is because, while accounting for the number of
estimated parameters, the final log-likelihood was less than
the initial log-likelihood. To account for precision and recall,
we computed the F1 scores. These scores are also superior for
Ver_OE of the questionnaire for both, the training set and test
set. The use of supervised approach (sLDA) did not improve
the performance of the model compared to the unsupervised
approach (LDA).

VI. CONCLUSION

Open-ended questions were used to measure the attitudes
influencing the intention to use SAVs. The alternative ver-
sions of the questionnaire were distributed randomly to the

respondents. There were no statistically significant differences
in the distributions of socio-demographic and travel character-
istics of the respondents answering the alternative versions of
the questionnaire.

The ratings were higher for 2/3rd of the questions among
respondents answering Ver_OE of the questionnaire. This
could imply a change in the thought process and could also
be the possible reason for the slightly higher decisiveness
in the intention to use SAVs among respondents answering
Ver_OE of the questionnaire. It must, however, be emphasised
that these differences were not statistically significant. So, this
should be explored further using data from other countries and
larger datasets.

To extract information from the open-ended responses,
LDA and sLDA were used. The inter-topic distance between
the extracted topics indicated that the extracted topics were
distinct. For most of the open-ended questions, we could find
a correspondence to a certain extent with the Likert scale ques-
tions. The inclusion of open-ended response related to the role
of transport-induced pollution had a positive influence on the
intention to use SAVs. This also had a corresponding influence
on the goodness-of-fit of the estimated models. The attitudinal
variables in Ver_Lk corresponding to this open-ended question
did not turn out to be statistically significant. The models
estimated using Ver_OE of the questionnaire outperformed
the models estimated using Ver_Lk of the questionnaire for
both, the training set and the test set. We could not see
an improvement in the performance of the model with the
use of sLDA over LDA. These results and the potential to
alter the reasoning process emphasize the potential for use of
open-ended responses to measure attitudes and topic models
for extracting open-ended responses. To overcome the burden
on respondents in writing responses to open-ended questions,
they can be encouraged to speak. Combining these two will
reduce the time required to collect and analyse open-ended
responses significantly. This will open up new avenues for
policymakers and analysts for measuring attitudes in travel
behaviour research.

The positive attitude of an individual towards the use of AVs
and subjective norms influence positively the intention to use
SAVs for Ver_OE of the questionnaire. The coefficient was
statistically significant for the full dataset; however, the coef-
ficient lost its statistical significance for the training set com-
prising 90% responses. This we believe, could be related to the
low sample size. Perceived behavioural control variable related
to having a conducive environment positively influenced the
intention to use SAVs, whereas perceived behavioural control
variable related to concerns negatively influenced the intention
to use SAVs. This effect is observed only for Ver_OE of
the questionnaire. The results indicate the ability of TPB to
measure the intention to use SAVs.

Having demonstrated the potential to use open-ended ques-
tions to measure attitudes, it would be advisable to investigate
this further using a larger dataset. We believe the use of larger
dataset will improve the quality of the extracted topics. Being
an online survey, where participation was mostly voluntary,
we could not ensure the representativeness of the sample.
Our data had a higher proportion of males, who were mostly
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young or middle-aged. Considering this, further analysis using
a sample that is representative of the population is imperative.
Furthermore, it would be appropriate to use statements in the
Likert scale questions that have been tested extensively to com-
pare the performance with open-ended questions. With regards
to the use of topic models, a possibility could be to avoid
the splitting of noun-noun compounds (public transportation,
global warming) in the data.
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