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It is common opinion that traditional approaches used to interpret and model users’ choice behaviour in innovative contexts may lead to
neglecting numerous nonquantitative factors that may affect users’ perceptions and behaviours. Indeed, psychological factors, such as
attitudes, concerns, and perceptions may play a significant role which should be explicitly modelled. By contrast, collecting psychological
factors could be a time and cost consuming activity, and furthermore, real-world applicationsmust rely on theoretical paradigmswhich are
able to easily predict choice/market fractions. *e present paper aims to investigate the above-mentioned issues with respect to an
innovative automotive technology based on the after-market hybridization of internal combustion engine vehicles. In particular, threemain
research questions are addressed: (i) whether and how users’ characteristics and attitudes may affect users’ behaviour with respect to new
technological (automotive) scenarios (e.g., after-market hybridization kit); (ii) how to better “grasp” users’ attitudes/concerns/perceptions
and, in particular, which is themost effective surveying approach to observe users’ attitudes; (iii) to what extent the probability of choosing a
new automotive technology is sensitive to attitudes/concerns changes. *e choice to install/not install the innovative technology was
modelled through a hybrid choice model with latent variables (HCMs), starting from a stated preferences survey in which attitudes were
investigated using different types of questioning approaches: direct questioning, indirect questioning, or both approaches. Finally, a
comparison with a traditional binomial logit model and a sensitivity analysis was carried out with respect to the instrumental attributes and
the attitudes. Obtained results indicate that attitudes are significant in interpreting and predicting users’ behaviour towards the investigated
technology and the HCMmakes it possible to easily embed psychological factors into a random utility model/framework. Moreover, the
explicit simulation of the attitudes allows for a better prediction of users’ choice with respect to the Logit formulation and points out that
users’ behaviour may be significantly affected by acting on users’ attitudes.

1. Introduction and Motivations

*e diffusion and market penetration of new technologies is
becoming a crucial factor for transport system analysts and
decision-makers. Among the several new technologies aiming to
render the transportation system more efficient and sustainable,
Electric Vehicles (EV) or Hybrid Electric vehicles (HEV) rep-
resent one of the possible solutions, but although electric
technologies are consolidated and reliable, two main issues
continue to be challenging tasks: interpreting and modelling
users’ behaviour towards these new technologies and assessing
the potential environmental impacts.

Within the cited context, it is common opinion that
traditional approaches used to interpret and model users’
choice behaviour may lead to neglecting the numerous
nonquantitative factors that may affect users’ perceptions
and behaviours.

As a matter of fact, psychological factors, such as atti-
tudes, concerns, and perceptions may play a significant role
which should be explicitly modelled. On the other hand,
collecting psychological factors could be a time and cost
consuming activity and, furthermore, real-world applica-
tions must rely on theoretical paradigms able to easily
predict choice/market fractions.
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Over the last two decades, users’ propensity to choose
alternative fuel vehicles (AFVs) has been widely investigated,
and many recent analyses have pointed out the necessity to
also take into account nonobservable variables such as the
perceptions and the attitudes of the users (see [1]) along with
directly observable/measurable attributes. Indeed, even
though models usually adopted in demand modelling are
suitable for the representation of the choice process, these
cannot be applied to the representation of perceptions and
attitudes [2].

Based on previous considerations several researchers
have proposed the integration of latent variables within
traditional econometric frameworks, such as the utilitarian
theoretical paradigm. *erefore, Latent variables Hybrid
Choice Models (HCMs) have been adopted in several cases,
and in particular, they have been applied to capture the
individual attributes, such as attitudes and habit influencing:
the mode choice [3–10], the residential location choice
[11, 12], the route choice decision making [13–15], and the
vehicles choice (see Section 2).

*e present paper, starting from some preliminary re-
sults proposed in de Luca and Di Pace [16]; aims to in-
vestigate the role of attitudinal factors in the choice of a new
automotive technology, the HySolarKit, which aims to
electrify/hybridize existing vehicles through an after-market
kit which can be recharged by the grid, as well as by solar
power [17–21].

*e paper first proposes a literature review on the most
significant contributions on users’ intention to purchase
electric/hybrid automotive technologies, with particular
attention to the psychological factors and the possible
modelling approaches.

It then addresses the following three main research
questions (*e main aim is not to investigate the potenti-
alities of the HySolarkit, but to comprehend the role of
attributes different from typical instrumental attributes):

(1) Whether and how users’ characteristics and attitudes
may affect users’ behaviour with respect to new
technological (automotive) scenarios (e.g., after-
market hybridization kit), thus if users’ choice
should be investigated through more advanced and
behaviourally complex models

(2) How to better “grasp” users’ attitudes/concerns/
perceptions and, in particular, which is the most
effective surveying approach to observe users’ atti-
tudes, through which type of questions (e.g., direct or
indirect) and through which questions

(3) To what extent the probability of choosing a new
automotive technology may be significantly affected
by attitudes/concerns changes

*e above-mentioned issues were addressed through the
implementation of an “ad hoc” experiment and a model
based analysis aimed to infer the role of psychological factors
through the specification of latent variables within a Ran-
dom Utility theory modelling framework.

To this aim, a Stated Preferences (SP) survey was carried
out on a sample of potential consumers [22]. In particular,

the survey aimed to collect the propensity to install the
HySolarKit, but it was specifically designed to “grasp” five
different attitudes/concerns through a direct questioning
approach (attitudes towards the environment, design, fuel
consumption, technology, and reliability of technology).

Different types of questions were tested: “directly related
to the alternative” and “indirectly related to the alternative”
questions (details in Section 4.2). Indeed, existing literature
makes use of direct questioning, but usually uses alternative
related questions only [23, 24], whilst there are fewer in-
stances of resorting to a mix of alternative and non-
alternative related questions. Experimental results were first
analysed to investigate the robustness of the adopted hy-
potheses/questions; then they were used for calibrating
hybrid choice models (HCMs) with latent variables, fol-
lowed by a traditional binomial Logit model.

*e estimation results made it possible to understand
the effectiveness of the different surveying methods and
the role of psychological factors in the choice behaviour
and also allowed for investigating if and how the in-
clusion of attitudinal factors significantly increases
choice model goodness-of-fit, thus leading to much more
effective results than traditional Logit choice models.
Finally, a sensitivity analysis was carried out for assessing
the role of traditional instrumental attributes (e.g.,
monetary cost), as well as the impacts that the change of
users’ attitudes may have on the propensity to install the
new technologies.

*e paper is organised as follows. Section 2 introduces
the state of the art on existing approaches and modelling
solutions to the simulation of the propensity to choose new
automotive technologies. Section 3 introduces the theoret-
ical frameworks, whereas Section 4 describes the experi-
mental framework introducing the case study, the data
collection, and the preliminary analyses. Finally, Section 5
discusses the estimation results. *e main conclusions are
summarised in Section 6.

2. Intention to Choose Electric or Hybrid
Electric Automotive Technologies: Modelling
Approaches and Determinants

*e interest in alternative fuel vehicles (AFV) relies on a
wide range of literature whose main focus is that of Electric
(EVs), Hybrid (HEVs), or Plug-In Electric vehicles (PHEVs).

As highlighted in studies of de Luca et al. [16] and
Cartenı̀ et al. [25], the choice phenomenon cannot be solely
interpreted within a unique theoretical framework. As a
matter of fact, eliciting the “preference” for AFVs is quite
complicated due to several factors, such as the recent
adoption of such technologies, the unavailability of sales
data, the difficulty of estimating the ownership costs, and the
impacts on driving habits.

Behavioural approaches on EVs choice mainly rely on
two mainstreams theories: (i) psychological and sociological
theories (*eory of Planned Behaviour—TPB; Value-Belief-
Norm theory—VBN; habits, diffusion of innovation, dif-
fusion theory) and (ii) Consumer Choice *eory (CCT).
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Psychological approaches made it possible to compre-
hend the complexity of the phenomenon, allowing for the
understanding of the main determinants that may affect E/
H/PHEVs consumer adoption [26–34].

*e cited psychological approaches have proposed
qualitative and quantitative results grounded on descriptive
statistical analyses, making it possible to comprehend the
main barriers and determinants that may affect E/H/PHEVs
consumer adoption. *e main results, applied to EVs, in-
dicated the significance of hedonic and symbolic attributes,
or emotions and feelings [30] (instrumental attributes refer
to the functionality or utility that can be derived from
functions performed by new technologies; hedonic attri-
butes refer to the pleasure of using a new technology;
symbolic attributes are related to a sense of self or social
identity that is reflected by the possession of new technol-
ogies); factors expressing self-identity and/or lifestyle
[30, 32, 35, 36]; and pleasure or enjoyment gains and
minimisations of negative effects when making journeys
[37–39].

CCT can count on a wide range of models and appli-
cations investigating alternative fuel vehicle (AFV) market
penetration and/or consumer behaviour determinants
[40–46].

*e most significant contributions on EVs are mainly
grounded on Random Utility *eory, and starting from the
year 2000, different modelling solutions have been success-
fully proposed: the Rank ordered model [47]; the Mixed
(Hybrid) Multinomial Logit models [48–50]; theMultinomial
Logit models or the Nested Logit models [51–55]; themultiple
discrete-continuous model [56]; and the utility-based and a
regret-based model of consumer preferences [57].

Proposed analyses, together with typical instrumental
and easily quantifiable attributes (e.g. range, maintenance,
driving costs, and ownership costs), point out that other
attributes may play a significant role.

Indeed, the decision to install/purchase/adopt an E/PE/
PHEVs depends on several attributes of different types:
instrumental, environmental, hedonic, and symbolic
[35, 58–62].

E/H/PHEVs’ are usually judged with respect to the in-
strumental and functional attributes: purchase price, run-
ning costs, reliability, performance, driving range and
recharging time, performance, convenience, comfort, and
aesthetics [16, 22, 35, 36, 40, 53, 63–68].

Recently, an increasing number of contributions have
pointed out the role of noninstrumental attributes such as
household socioeconomic characteristics [48, 50, 69], social
influence [70], consumer emotions and feelings [28, 30, 36, 39],
proenvironmental behaviour [71, 72] and [73], consumer
adoption of innovations [74, 75], governmental incentive [50],
and hedonic and symbolic attributes [35, 58–61].

Among the wide variety of the existing contributions,
significant efforts have been made to analyse the attitudes
that potentially may affect the users’ choice process of
purchasing an E/H/PHEVs’.

Along with different approaches founded on psycho-
logical paradigms but which are not able to foresee the
adoption of innovative technologies, Hybrid Choice models

(HCMs) with latent variables may allow for the role of
perceptions and attitudes to emerge and, at the same time,
estimate the probability of choosing/adopting the technology.

One of the first contributions was by Choo and
Mokhtarian [76] who analysed the attitudes, lifestyles,
personalities, and mobility which more generally may affect
consumers’ choice in identifying the vehicle type. In par-
ticular, seven groups of significant variables were identified:
(i) the objective mobility, such as commute time, travelled
distance, and frequency of trips; (ii) the subjective mobility
focusing on how that amount of travel is perceived; (iii) how
respondents enjoy travelling themselves; (iv) the attitudes in
terms of travel, land use, and environment; (v) the per-
sonality; and (vi) the lifestyle.

A contrasting result was proposed by Kishi and Satoh
[77] for the Tokyo and Sapporo residents, which, though
well aware of environment concerns, were not inclined to
purchase low-pollution cars.

Proenvironment propensity was derived by Potoglou
and Kanaroglou [52] who observed how the propensity to
adopt cleaner vehicles of Canadians’ households was mainly
affected by the reduction in the monetary costs and purchase
tax reliefs along with the low emission rates.

Bolduc et al. [48], starting from a survey conducted by
the Energy and Materials Research Group (Simon Fraser
University, 2002 and 2003), identified two main latent
variables which have a positive impact on the choice
probability of the green technology alternatives: (i) the
environmental concern related to transportation and its
environmental impact, and (ii) the appreciation of new car
features related to car purchase decisions.

A similar study, conducted by the same researchers [78],
still observed that an environmentally conscious consumer
would prefer a cleaner automobile technology associated
with less environmental impact.

Jensen [79] carried out a survey based on direct ques-
tions, and, unlike other research studies, they included at-
tributes regarding charging possibilities and battery lifetime
in the experiment, and users were also provided with in-
formation on recharging types and environmental impacts.
Furthermore, they observed that purchase price (the full
price paid for the car considering everything), driving range
(the maximum distance that could be covered with a full
tank or a fully charged battery), top speed, fuel cost, battery
life, and charging in city centres and train stations have a
significant effect on users’ choices.

In [80], Jensen et al. investigated the users’ attitudes
through 27 statements regarding new technologies, the
environment, car interest, and EVs in general. *ey carried
out a before and after analysis modelling the choice between
conventional and electric cars and found that environmental
concern had a positive effect on the preference for EVs, both
before and after the test period.

In the same year, Glerum et al. [50] provided a meth-
odology based on HCM to forecast the demand for electric
cars. *ey considered an SP survey collected within a project
between Renault Suisse S. A. and EPFL’s Transportation
Center (TraCe). In particular, respondents were provided
with some statements based on alternative related questions
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in order to collect the importance of car design, the per-
ception of leasing, the perception of an electric vehicle as an
ecological solution, the attitude towards new technologies,
and the reliability, security, and use of an electric vehicle.*e
results indicated that only two attitudes were significant: the
proleasing attitude and a proconvenience attitude (spa-
ciousness, comfort, and new propulsion).

Soto et al. [81] investigated four technological alterna-
tives and identified four latent variables: the environmental
concern, the support for transport policies, and the attitude
towards technology and car. Unlike other authors, during
the experiment, they provided users with statements based
on direct and nonalternative related questions.

More recently, Kim et al. [23, 24] investigated the in-
tention to purchase an electric car and observed that the
attitudes playing a role regarded the environmental, the
economic, the battery, the technological aspects, and the
innovation value. To this aim, a questionnaire based on
nonalternative related questions was carried out. Moreover,
they also considered socioeconomic characteristics in the
structural model and the price of EC, the cost electricity
relative to gas, the cruising range of the car, the time to charge
the battery, the maximum speed car, and the distance to
charging station as alternative attributes in the logit model.

Similar results were obtained by Petsching et al. [34] who
investigated the interest for hybrid vehicles through the
paradigm of the “*eory of Innovation Adoption” and
identified the significant role of the perception of innovation
correlated to factors such as ecology, design, profitability,
and ease of use.

Finally, Tsouros & Polydoropoulou [82] investigated a
choice context including four alternatives (i.e., a hybrid car, an
electric car, a diesel car, or a standard car) through an SP
experiment and observed environmental awareness as the only
significant attitude.*ey considered the vehicles’ characteristics
(e.g., the engine size, the vehicle type, and the vehicle edition)
and the individuals’ socioeconomic characteristics for the
structural equation and depicted the attitude through indicators
(indicators of eco-friendliness) based on nonalternative related
questions, which include perceptions regarding ecological habits
such as recycling, active transportation, and how they perceive
each fuel type. As in the studies of Bolduc et al. [48], Daly et al.
[83], and Soto et al. [81], a comparison of the obtained results
with the MNL model is provided confirming that HCM ex-
haustively outperforms MNL.

Although the comparative analysis among different
contributions is not straightforward, since the surveys
(which are not always discussed in depth) and the corre-
sponding questionnaires are not comparable and the case
studies are different with regard to EV technologies pene-
tration, some conclusions may be drawn.

Indeed, it is interesting to highlight how the attitude
towards the environment is present in the greatest number
of studies. In general, almost all the existing analyses are
founded on SP experiments and make use of alternative
related [48, 50, 79] or nonalternative related questions
[23, 24, 84] to “grasp” users’ latent characteristics.

Latent variables are usually used for describing attitudes,
but also concerns and/or perceptions and all the

contributions, except for the proenvironmental attitude,
investigate different sets of attitudes/perceptions/concerns.

With reference to the identification of modelling ap-
proach effectiveness, most of the contributions do not pro-
pose any comparison, whilst Bolduc et al. [48], Soto et al. [81],
and Ioannis et al. [84] highlighted that hybrid choice models
normally outperform traditional random utility models.

In the following table, a synoptic framework of the state
of the art is proposed. *e main contributions discussed
above have been classified with respect to the adopted the-
oretical paradigm, the investigated case study, and the used
attributes (instrumental and noninstrumental) (Table 1).

3. Theoretical Framework

*e modelling approach adopted in this paper was based on
the Hybrid Choice Model focusing on the incorporation of
latent variables into discrete choice models.

Seminal studies aiming to overstep the boundary of
standard discrete choice models were conducted by Ortúzar
and Hutt [85] and McFadden [86] in which during the 80s,
they investigated the possibility of including subjective
variables in a discrete choice modelling [1, 8, 9, 87–97].

Traditionally hybrid choice models are composed of the
latent variable (LV)model and the choicemodel. In general, the
representation of parameters related to the psychological model
may be pursued through different approaches: (i) by including
the indicators directly in the utility function [98–100]; (ii) by
considering a sequential method in which, at the first stage,
latent variables are represented through the Explanatory Fac-
torial Analysis (EFA); then these are directly included in the
utility function [101]; and (iii) by the MIMIC model (Multiple
Indicator Multiple Cause; [102] in which the relationship be-
tween attitudes (latent variables) and sociodemographic char-
acteristics is formalised by the structural equation, and the
relationship between attitudes and perception indicators is
formalised by measurement equation; then latent variables are
directly incorporated in discrete choice model.

In this paper, the MIMIC approach has been adopted;
then the utility in the (hybrid) choice model based on the
assumption that each individual n (n � 1, . . . , N) faced with
a set of alternatives i (i � 1, . . . , I), may be expressed as a
function of a vector of observed attributes Xni (representing
the level of service and the users’ attributes), a vector of
latent variables, LVni (K× 1, if K statements are considered
for each LV), and the error term εin, independently and
identically distributed; thus for each alternative, the per-
ceived utility may be expressed as

Uni � βx · Xni + βLV · LVni + εni, (1)

and the choice principle of the alternative, considering the
chosen yi alternative, is based on utility maximisation
criterion.

Regarding the LV, let be p the generic latent variable to
be measured by psychometric indicators (p� 1,. . .,P) and k
be the generic psychometric indicator (k� 1,. . .,K), the latent
variable model consists in two equations for each latent
variable (LV); in particular for each individual n, the
structural equation may be expressed as follows:
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LVni � c + β · Xni + ωni, (2)

where c is the intersect, Xni is the vector of the users’
characteristics, β is the vector of the coefficients associated
with the users’ characteristics (to be estimated), and ωn be
the error term which, usually, is distributed with zero mean
and σω standard deviation.

Furthermore, for each individual n, K statements are
used; thus, Ini is a vector of perceptions indicators (K× 1)
that are associated to the latent variable with the mea-
surement equation given as follows:

Ini � α + λ · LVni + vni, (3)

where α is the intersect, λ is the vector of coefficient asso-
ciated with the latent variable (to be estimated), and vni is the
error terms usually assumed normally distributed with zero
mean and σv standard deviation.

Regarding the psychometric indicators, they may be rep-
resented in two different ways through continuous and discrete
indicators, depending on the adopted coding approach.*ey are
usually coded through the Likert scale [103] and the structural

equation modelling may be based on the ordered logit model;
the measurement is represented through a discrete variable and
the thresholds are the parameters to be estimated [83]. A dia-
gram of the model’s specification is shown in Figure 1.

In terms of the estimation procedure, as previously
outlined, two approaches may be distinguished: the se-
quential [3, 104, 105] and the simultaneous approaches [93].

*e sequential approach solves the MIMIC model sepa-
rately from the choice model; thus two stages must be con-
sidered: one for estimating latent variables using the
perceptions indicators and the other one for estimating the
parameters in the choice model related to the latent variables
and to the typical variables. However, this approach was
demonstrated as not being efficient (it cannot guarantee
consistent and unbiased estimators) [43, 91, 106]. *e si-
multaneous approach is based on a joint estimation procedure.

In this paper, the applied estimation procedure was based
on the simultaneous approach. In general, latent variables are
not directly observable, indicators are introduced, and any
inference must be based on the joint distribution whose
density can be rewritten as

Table 1: Synoptic framework of the state of the art.

Reference

Paradigms Investigated case study

Attribute(s)
PST CCT RUT Others

AFV
purchase/
intention

Environmental
behaviour

Adoption of
innovations

Beggs et al., [40]; · ·

Instrumental and functional
attributes: purchase price,
running costs, reliability,

performance, driving range
and recharging time,

performance, convenience,
comfort, and aesthetics

Bunch et al., [63]; · ·

Chéron and Zins, [64]; · ·

Ong and Hsselhoff, [65]; · ·

Musti and Kockelman, [66]; · ·

Graham-Rowe et al., [36]; · ·

He et al., [67]; · ·

de Luca et al., [16]; de Luca and
di Pace, [22] · ·

Plotz et al., [69]; · · + not-instrumental
attributes: Household

socioeconomic
characteristics, attitudes,
personality, and lifestyle.

Bolduc and Daziano, [48]; · ·

Glerum et al., [50] · ·

Choo and Mokhtarian [76] · ·

Potoglou and Kanaroglou [52] · ·

Axsen and Kurani, [70] ·

+ not-instrumental
attributes: norms, cognitive,
emotions, feelings, motives,
social factors/influence,

attitudes, anticipated regret

Moons and de Pelsmacker,
[28]; · ·

Schuitema et al., [30]; · ·

Graham-Rowe et al., [36]; · ·

Steg, [39] · ·

Bamberg and Möser, [71] · ·

Onwezen et al., [72]; · ·

Steg and Vlek, [73] · ·

Shih and Schau, [74] · ·

Watson and Spence, [75] · ·

Petsching et al. [34] · ·

Kishi and Satoh [77]; Bolduc
and Daziano, [48] Daziano and
Bolduc, [78]; Jensen, [79];
Glerum et al, [50]; Soto et al.
[81]; Kim et al. [23, 24]; Ioannis
et al., [84]; Tsouros &
Polydoropoulou [82]

· ·
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g Ini(  �  RLVni

Ini

LVn

, λ hLVni

LVni

Xni

, β dLVni, (4)

where RLVni
is the range space of the vector of the latent

variables.
*e joint probability of observing the choice yni may be

expressed as

P yni,
Ini

Xni

, βx, βLV  � RLVni
P

yni

Xni

, βx, βLV 

· fIni

Ini

LVn

, λ hLVni

LVni

Xni

, β dLVni,

(5)

where f(·) is the probability density function of the per-
ception indicators and h(·) is the probability density
function of the latent variables.

Parameters estimation is carried out by maximising the
joint likelihood of observed sequence of choices and the
observed answers to the attitudinal questions:

L � ΠiP yni,
Ini

Xni

, βx, βLV 

�  RLVni
ΠiP

yni

Xni

, βx, βLV fIni

Ini

LVn

, λ hLVni

LVni

Xni

, β dLVni,

(6)

the estimation of this class of models requires multidi-
mensional integrals with dimensionality given by the
number of latent variables.

Finally, particular attention was paid to the implications
related to the evaluation of attitudinal and perceptual var-
iables [107, 108]. Indeed, any change in the perception’s
indicators may affect the LVs’ meaning to the extent that the
whole model must be reestimated [3, 48]. As stated in Vij &
Walker [109], twomain approaches may be adopted in order
to observe the choice outcomes: the former formulating the

choice probabilities as a function of the observable variables,
and the latter formulating the choice probabilities as a
function of both the observable variables and the mea-
surement indicators.

In this paper, the second approach was adopted, and the
distribution of the latent variables was assumed given by the
measurement equations.

*e model parameters were estimated through
PythonBiogeme [110] in which the Maximum Simulated
Likelihood is implemented [92, 111].

4. Experimental Framework

4.1. Observing andMeasuring the Attitudes. One of the main
issues related to the specification and estimation of an HCM
relies on how to observe and quantify users’ attitudes
[112, 113], perceptions [114], or concerns.

Attitudes refer to the users’ characteristics and their
approach in real life and society and may be not related to
the alternatives (nonalternative related attitudes) or related
to the alternatives (alternative related attitudes).

Perceptions are, usually, interpreted as “alternative re-
lated” and refer to the users’ interpretation and reaction to a
stimulus [113]. However, concerns may be related to a
specific problem/issue, and they may depend on the (choice)
context (for example, the concern towards the environment
may depend on the specific problem/activity carried out).

Since attitudes/perceptions/concerns are entities con-
structed to represent underlying response behaviour, they
cannot be measured directly, but they could only be inferred
studying behaviour which, in turn, might be reasonably
assumed to indicate the attitudes themselves.

*e behaviour may be one that occurs in a natural setting
or in a simulated situation. In general, different approaches
to measure attitudes may be pursued:

(i) Direct Observations: observing the ongoing behav-
iour of people in the natural setting or directly asking

Explanatory
variables

Structural relationship
β

β

β

Latent
variables

Measurement relationship

Obesrved indicator
X1

Obesrved indicator
X2

Obesrved indicator
X3

Utility

Choice
indicators

Discrete choice model

Latent variable model

Error
term

Error
term

Error

Error

Error

λ1

λ2

λ3

Figure 1: Diagram of a hybrid choice model (HCM).
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the respondents to state their feelings with regard to
the issue under study. Direct observation of be-
haviour is not practicable if we want to have data on
a large number of individuals. Moreover, observa-
tion of behaviour, even when the behaviour is the
outcome of the attitude being studied, may tell us the
direction of the underlying attitude (i.e., whether it is
positive or negative), but it cannot as easily indicate
the magnitude or strength of the attitude.

(ii) Direct questioning: asking as to what their feelings
are. Direct questioning has been applied for studying
attitudes, but it mainly serves for limited purpose of
classifying respondents as favourable, unfavourable,
and indifferent with regard to a psychological object.
Moreover, individuals may possess certain attitudes
and behave accordingly, but may not be aware of
them. *us, direct questioning or any other self-
report technique will be of little avail if the re-
spondent has no access to his own attitudinal ori-
entations, buried in the realms of the unconscious.

Within direct questioning, two further questioning ap-
proaches may be pursued:

(i) *rough direct questions on the investigated attitude
(e.g., how much is the environment important)

(ii) *rough indirect questions (e.g., my home bulbs are
energy efficient)

In general, direct questioning is the most pursued so-
lution, since it makes it possible to control the investigated
context (defining the scale of measurement), and it requires
smaller times and costs.

In this interpretative context, attitudes can be “grasped”
through direct or indirect questioning, but indirect ques-
tioning seems the “most correct” approach, whereas per-
ceptions can be “grasped” through direct questioning only,
and concerns can be “grasped” through direct questioning
only.

In this paper, a direct questioning survey was designed
and two different types of questions were submitted to the
respondents: “directly related” (in the following direct
questions—D) and “indirectly related” questions (in the
following indirect questions—I).

In particular, the paper investigates the concerns and
attitudes/perceptions/concerns towards the environment,
the vehicle design, the fuel consumption, the technology,
and the reliability of technology.

Direct questions aimed to investigate the users’ concerns
towards fuel consumption, vehicle design, environment,
technology, and reliability of technology. Indirect questions
aimed to investigate the users’ attitudes towards fuel con-
sumption, vehicle design, and environment.

An overview of the questions submitted to the re-
spondents will be displayed in the following section.

4.2. Case Study: Survey, Attributes, and Preliminary Analyses.
*e analyses and model specifications were carried out
within a research project supported by the University of

Salerno and regarding the city of Salerno (Salerno is the
capital city of Salerno province (region of Campania,
southern Italy), situated 55 km southeast of Naples. It has
a population of approximately 130,000, 54,500 house-
holds, an area of about 60 km2, a residential density
of 2,240 inhabitants per km2, and an average of 1.50
cars per household. Finally, four transport modes are
usually available: car as a driver, walking, bus, and
motorbike).

*e questionnaire was built from an early survey [16]
and inspired by the existing literature discussed in Section 2.

*e potential attributes worthy of interest were first
grouped into five subcategories: (i) socioeconomic attri-
butes, (ii) trip purpose type, (iii) owned car characteristics
engine, (iv) price compared to user’s conventional car, and
(v) psychological factors.

*e survey consisted of a sample made up of 700 (the size
was defined coherently with the indications proposed by
Louviere et al. (2000)) and involved only respondents
owning at least one car and declaring that he/she had the
authority/power to make decisions regarding household car
ownership (mainly householders). *e questionnaire con-
sisted of three parts.

*e first part aimed to gather information on family
characteristics (geographical, travel characteristics, socio-
economic, etc.), on respondents’ concerns that usually affect
the decision to buy a specific vehicle (e.g., fuel consumption,
environmental impact, and vehicle design) and about the
household cars (fuel supply, brand, and vehicles age).

Moreover, a first set of direct questions (D) were sub-
mitted to the respondents (Table 2). As introduced in the
previous section, the questions are directly related to en-
vironment, vehicle design, fuel consumption, technology,
and reliability of technology.

In this case, each respondent was asked to rate, in the
Likert scale (1: null; 2: mild; 3: moderate; 4: severe), how
much each considered statement was important in the
choice of a car.

In the second part, indirect questions about the users’
attitudes were submitted to respondents (Table 3). *ey
regarded psychological factors related to fuel consumption
(Icons), vehicle design (Idesign), and environment (Ienv). In-
direct questions were measured through a five preferences
rating scale (1: totally disagree; 2: disagree; 3: indifference; 4:
agree; 5: totally agree).

*e third part investigated the propensity to install the
HySolarKit.

First of all, the respondents were introduced to the
technology and its main characteristics (see appendix for
some technical details): how it works, how it is installed, the
different performances (e.g. acceleration, speed), and the
environmental and fuel consumption benefits which can be
achieved.

To this aim, each respondent was presented with a more
accurate estimate of the benefits obtainable in terms of fuel
consumption (based on the type of trip, on the number of
kilometres travelled, and on the type of vehicle owned). In
particular, the weekly Δcost was calculated, and the users
were asked to state the systematic and nonsystematic trip
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characteristics. Starting from the stated characteristics, each
respondent was faced with two different scenarios with
different installation costs (ranging from 500 to 4,000 euros).
*e cost scenarios submitted to each respondent were in-
dependent of one another.

All the tested attributes are summarised in Table 4,
whereas Tables 5 and 6 show the descriptive and statistical
analyses carried out on the preferences collected through
direct/indirect questions.

In Table 5, together with the mean values, the standard
deviations, and Cronbach’s alpha test results are proposed.

Means and standard deviations make it possible to
understand the weight given by the respondents to each
question, whereas Cronbach’s alpha measures how the
questions associated to each attitude are closely related to
each other as a group (internal consistency).

Obtained results made it possible to identify the ques-
tions with higher dispersion with respect to the corre-
sponding mean values; Cronbach’s alpha tests confirmed the
reliability of the chosen questions, but also pointed out the
advisability of an exploratory Principle Factor Analysis
(PCA) on all the indicators.

*e analysis made it possible to identify the correlation
between the statements, allowed for the identification of the
latent variables (factors) and, thus, the main statements
explaining them. Overall, three latent variables were revealed
as statistically significant and, for each one of them, the
representative statements were identified (Table 5). In
particular, three factors, corresponding to three different
latent variables, were clearly identified:

(i) Factor 1 representing the attitudes towards fuel
consumption

(ii) Factor 2 representing the attitude towards the ve-
hicle design

(iii) Factor 3 representing the attitude towards the
environment

Observing the loading factors reported in Table 4, it is
also possible to derive the role and significance of the at-
titudinal statements for each factor: in factor 1 (“fuel con-
sumption”), the significant statements were Qcons, Icons1,2,3
(see Tables 2 and 3 for a detailed description of statements);
in factor 2 (“vehicle design”) were Idesign1,3,4 (see Table 3 for
a detailed description of statements); in factor 3 (“envi-
ronment”) were Qenv, Ienv2,3,4,6 (see Tables 2 and 3 for a
detailed description of statements).

Such results support an interesting interpretation of the
phenomena, but also represent an important/fundamental
input for the specification of the Hybrid choice model which
will be proposed in the following section.

5. Results and Discussion

With regard to the experimental framework previously
introduced, this section presents the main results obtained
from the specification and calibration of different Hybrid
Choice Model (HCM) structures with latent variables. Es-
timation results are organised into two sections.

*e first section introduces the estimation results for the
HCM and aims to propose a detailed analysis on the

Table 2: Overview of direct questions submitted to the respondents.

Direct questions (D)
Dcons One of the most important things in a car is the fuel consumption rate
Ddesign *e car design is one of the most important factors in purchasing a car
Denv I normally behave or act to reduce the environmental impact of my actions
Drel I prefer driving traditional fuelled vehicles since they guarantee a higher reliability
Dtechnology I am sensitive to all the technological features offered by a car

Table 3: Overview of indirect questions submitted to the respondents.

Indirect questions (I)
Icons1 *e consumption and the energy class significantly influence my choice in purchasing an appliance
Icons2 I am usually attentive to the special offers of electric operators
Icons3 My home bulbs are energy efficient
Icons4 I usually evaluate the car efficiency concerning the car cost mileage
Icons5 I normally compare the fuel prices among different stations

Icons6
When driving I am not willing to behave in a way that reduces the environmental impact (my driving behaviour is normally

aggressive)
Idesign1 When parking I am usually careful to avoid having my car damaged
Idesign2 I often read journals of design
Idesign3 When furnishing I am willing to buy pieces with modern design features and original details
Idesign4 I am willing to go to the body shop mechanic not only for major damages
Idesign5 I am willing to install not standard equipment (such as antitheft block shaft) in my own car
Ienv1 I often control the exhaust/emission system of my car
Ienv2 I consciously do separate waste collection (recycling)
Ienv3 I really enjoy spending my free time in parks, green areas to breathe clean area
Ienv4 How much do you agree with the following sentence: We must act and make decisions to reduce emissions of greenhouse gases
Ienv5 How much do you agree with the following sentence: *e government should invest in low energy impact
Ienv6 I am not willing to use the car during the weekend to protect the environment and then reduce air pollution
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Table 4: Collected and investigated attributes.

Attribute Meaning Type SI Min Max
Age Age of the respondent Continuous Years 24 70
Master’s degree Equal to 1 for users achieved this educational attainment Binary 0 1
ZonRes Equal to 0 for users living to the historical centre, 1 if in the outskirts Binary 0 1
Diesel Power supply of the owned car Binary 0 1
CarAge Age of the owned car on which the respondent would install the kit Continuous Years 1 10
By car-shopping Mode choice car and trip purpose shopping Continuous — 0 0.93
By car-personal services Mode choice car and trip purpose personal services Continuous — 0 0.93
Interested in electric
vehicle purchasing

Equal to 1 for users which declared to be interested in electric vehicle
purchasing Binary — 0 1

Conc_Consump
Conc_Design
Conc_Environ
Conc_Reliab
Conc_Tech

(i) Design issues concern
(ii) Environment concern
(iii) Reliability concern
(iv) Technology concern

(v) Fuel consumption concern Binary attribute for
each scale — 0 1Each respondent was asked to rate how the fuel consumption/vehicle

design/environment/technology/reliability of technology is
important in the decision of which car to purchase. *e rating scale
and the value associated to each rate was: null importance (1), mild

(2), moderate (3), and severe (4).

Att_Consump

Latent variable representing the attitude towards the fuel
consumption; the rating scale and the value associated to each rate
was: 1: Totally disagree; 2: Disagree; 3: Indifference; 4: Agree; 5: and

Totally agree

Continuous

Att_Design
Latent variable representing the attitude towards the vehicle design;
the rating scale and the value associated to each rate was: 1: Totally
disagree; 2: Disagree; 3: Indifference; 4: Agree; 5: Totally agree

Continuous

Att_Environ
Latent variable representing the attitude towards the environment;
the rating scale and the value associated to each rate was: 1: Totally
disagree; 2: Disagree; 3: Indifference; 4: Agree; and 5: Totally agree

Continuous

Δcost

Δcost �WCwithoutK – WcwithK Continuous € −4.4 17.2
*e weekly cost considering two scenarios, with and without the kit, was computed in order to define the users’
financial gain.*erefore, each respondent was preliminarily informed on the upfront cost, and successively he/
she was also informed on the weekly cost (combining the fuel consumption, the charging cost and the

installation cost).
Obviously the cost estimation is based on the weekly kilometres travelled by each respondent.

Table 5: Summary of the mean values and the standard deviations of the collected preferences and Cronbach’s alpha test.

Mean s.d.
Fuel consumption
Qcons· 3.76 0.97
Icons1 3.97 1.01
Icons2 4.27 1.62
Icons3 3.28 0.51
Icons4 2.18 3.15
Icons5 1.88 0.94
Icons6 2.35 1.22

Cronbach’s alpha� 0.658
Design
Qdesign· 3.21 0.92
Idesign1 2.85 0.65
Idesign2 1.76 0.79
Idesign3 3.11 0.96
Idesign4 4.08 0.94
Idesign5 2.97 0.5
— — 0.92

Cronbach’s alpha� 0.527
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estimation results, on the Latent Variables specification, and
on the resultant behavioural interpretation. *e results also
made it possible to identify the most effective type of
questions able to “grasp” users’ attitudes.

*e second section investigates the differences between
the HCM and a traditional Binomial logit model (BLM) in
which typical sociodemographic characteristics and in-
strumental attributes were used.*e comparison was carried
out in terms of statistically significant attributes, ability to
interpret the choice phenomenon, goodness-of-fit, and
sensitivity to the monetary cost and to the attitudes.

5.1. Hybrid Choice Model with Latent Variables Estimation
Results. *eHCMwas specified with utility functions which
are linear in the attributes, considering the attributes in-
troduced in Section 4 and embedding the LVs within the
systematic utility functions. To this aim, both the structural
and the measurement equations were specified and jointly
calibrated on the preferences stated by respondents with
reference to the questions introduced in Section 4.2.

Overall, the estimation results pointed out that the
following groups of attributes were statistically significant,
with signs of the parameters consistent with the expectations
(Table 7):

(a) *e respondents’ sociodemographic characteristics
(b) *e activity-related attributes
(c) *e level of service attributes

(d) *e attitudinal attributes
(e) *e vehicle characteristics

It may be preliminarily observed that the following users’
specific attributes were statistically significant: age, educa-
tional level, and the characteristics of the family’s vehicle
fleet. Moreover, the zone of residence, the car age, and
having a diesel vehicle explicated users’ behaviour.

In terms of activity-related attributes, significant attri-
butes were travelling by car if the trip purpose is shopping
and/or personal services.

Analysing the systematic utility functions, it is inter-
esting to note how being older increases the not-install
choice, thus confirming that younger people are more in-
terested in technological innovation; regarding the educa-
tional level, people with a master’s degree show a greater
likelihood to install the kit.

Contrasting results may be observed for users living in
different zones of residence. Indeed, people residing in the
city centre show a smaller propensity to install the kit, due to
reduced trip distance usually travelled and smaller interest in
cost savings. By contrast, people living in the outskirts may
benefit from a greater travel cost saving, due to the greater
travel distances.

As regards vehicle fleet characteristics, the car age in-
creases the choice to install the kit, whereas owning a diesel
car negatively affects the propensity to install the kit. Indeed,
in the former case, people may decide, due to the actual value
of the vehicle, to consider the kit as an opportunity, still

Table 5: Continued.

Mean s.d.
Environment
Qenv· 2.54 0.91
Ienv1 2.11 1.02
Ienv2 3.71 0.59
Ienv3 3.21 0.91
Ienv4 2.98 0.76
Ienv5 1.97 0.73
Ienv6 3.87 0.87

Cronbach’s alpha� 0.721

Table 6: Principal component analysis.

Factor Indic Loading

Factor 1 fuel consumption

Qcons 0.628
Icons1 0.357
Icons2 0.567
Icons3 0.488

Factor 2 vehicle design

Qdesign 0.328
Idesign1 0.721
Idesign3 0.548
Idesign4 0.432

Factor 3 environment

Qenv 0.567
Ienv2 0.355
Ienv3 0.618
Ienv4 0.712
Ienv6 0.667

Significant statements are with values greater than 0.35.

10 Journal of Advanced Transportation



depending on the trade-off between the vehicle market value
and the kit market price, for upgrading the owned vehicle,
and also for revaluating the owned old vehicle (in terms of
emissions reduction and of fuel consumption). Nevertheless,
a user owning a diesel vehicle is less interested in the kit due
to the smaller benefits in terms of travel costs. *ese results
confirm that the monetary gain achievable installing the kit
is the main boost.

Furthermore, the usual trip purpose also affects the
installation choice. Indeed, travelling by car for shopping
and personal services, positively increases the utility to in-
stall the kit, whilst travelling by car for work purposes has an
opposite effect. In this case, travel distances are greater and
the users’ distrust in the technology may play a significant
role.

Finally, the Δcost which has been defined as the difference
between the weekly costs with the kit and weekly cost
without the kit [16], as expected, was statically significant,
increasing the probability of installation choice decreases.

Among all the above-mentioned attributes, the most
innovative ones were those aimed at capturing the re-
spondents’ nonobservable determinants (attitudinal attri-
butes). In particular, the three following LVs were
statistically significant (see Table 7 and refer to the path
diagram in Figure 2):

(i) LVConsumption representing the attitude towards fuel
consumption

(ii) LVDesign representing the attitude towards the ve-
hicle design

(iii) LVEnvironment representing the attitude towards the
environment

*e reported results refer to the HCM statistically sig-
nificant model out of three different models that were
calibrated using different sets of questions (already intro-
duced in Section 4.2):

(1) With only direct questions (related to the choice
context-Q);

(2) With only indirect questions (independent from the
choice context-I);

(3) Mixing direct and indirect questions (Q+ I).

Estimation results pointed out that no statistically sig-
nificant measurement equations (thus no HCM) were ob-
tained using only direct or only indirect questions, whilst the
mix of both types of questions made it possible to obtain a
consistent and robust model (see also Table 8).

Indeed, the results highlight that attitudes may be fruit-
fully “grasped” by a proper mix of direct and indirect
questions. In this sense, if on one hand the attitudes may be
considered endogenous to the users and not dependent on the
choice context in which the users are called to make a de-
cision, on the other hand the attitudes cannot be considered
totally independent from the alternatives under investigation;
thus, they should be “grasped” by direct questions.

All the LVs contributed significantly to the systematic
utilities, but they showed different magnitudes. Indeed, the
latent variable representing the attitude towards the fuel
consumption had a relative weight greater than the other
two LVs; the latent variable representing the attitude to-
wards the environment showed a weight greater than the LV
representing the attitude towards the design. *ese results
confirm the preliminary analyses of the psychometric in-
dicators discussed in Section 4.2.

Table 7: Estimation results of HCM.

Attribute
HCM

Install Not-install
Age +0.160 (+1.87) —
Master’s degree +0.156 (+2.16) —
ZonRes +0.0761 (+1.98) —
Diesel — +0.479 (+3.52)
CarAge +0.0272 (+1.55) —
By car-shopping +0.669 (+1.490) —
By car-personal services +0.192 (+2.53) —
Δcost — +0.0638 (+8.16)
LVConsumption +0.548 (+2.55) —
LVDesign — +0.0682 (+2.46)
LVEnvironment +0.104 (+1.98) —
δ1 +1.46 (+ 38.90) —
δ2 +1.34 (+ 43.85) —
δ3 (the ordinal treatment considers the estimation of three
extra parameters in the measurement model) +1.52 (+ 46.11) —

Alternative specific constant (ASV) — —
STATISTICS
#observations 1364
Init-log-likelihood (only the log-likelihood associated with the discrete choice component is
considered) −944.760

Final log-likelihood −779.81
Rho-square 0.212
t-Test values are given in parenthesis. δj refers to the thresholds estimation for the ordinal logit model.
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Analysing the LVs specification, the indicators (state-
ments) which were statistically significant for each LV have
been grouped in Table 8.

It is thus possible to understand which statement was
significant in interpreting the observed choice behaviour. In
particular, two indicators were significant in LVconsumption,
whilst three indicators were significant in LVdesign and
LVenvironment (for each one of two latent variables one more
indicator was considered and normalised thus in all four
indicators are considered for each attitude).

Table 9 reports the relationships between the perception
indicators and the attitudes and, in particular, shows the

estimation results for the following parameters: the coeffi-
cient of the latent variables (λ), the intercept (α), and error
terms (v).

Although the interpretation of the parameters is not
immediate, the results indicate the robustness of the esti-
mates and of the whole procedure; moreover, they highlight
that the signs are coherent with the preliminary statistical
analyses carried out in Section 4 and the coefficient λ plays a
significant role with respect to the intercept (α) and error
terms (v).

Finally, the estimation results for the HCM structural
model are displayed in Table 10.
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Figure 2: Path diagram of the measurement equations.
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Overall, the trip frequency for specific travel purposes
and the following socioeconomic attributes were statistically
significant: gender, age, and education level.

Regarding the first latent variable, the LVConsumption, the
activity-related attributes and the level of attainment (master
degree) are statistically significant and contribute to the LV.

In terms of activity-related attributes, travelling by car
for shopping purposes or for personal services exhibit dif-
ferent signs; in particular, negative signs in the case of
shopping, but positive in the case of personal services. As the
trip purpose changes, the users perceive the new technology
differently with respect to the fuel consumption.

Regarding the level of attainment, having a master’s
degree positively affects the LVConsumption, indicating that a
higher cultural level affects such an attitude.

*e age is significant in both structural equations of
LVDesign and LVEnvironment, indeed older people may bemore
sensitive to vehicle design due to a higher willingness to pay;
on the other hand, the environment is perceived more in-
tensely by older people; furthermore, the gender is signifi-
cant and negative LVDesign and LVEnvironment, explaining that
females are more sensitive to the design and the environ-
ment problems.

In general, it can be observed that the intercepts and the
error terms are significant in all LVs.

5.2. Goodness-of-Fit and Sensitivity Analyses. Goodness-of-fit
and sensitivity analyses were carried out by comparing the
HCM model with a Binomial Logit Model (BNL) displayed

Table 8: Attitudes and indicators.

Measurement model
Consumption Design Environment
Qcons Qdesign Qenv
One of the most important things
in a car is the fuel consumption rate

*e car design is one of the most
important factors in purchasing a car

I normally behave or act to reduce the environmental
impact of my actions

Icons2 Idesign1 Ienv3
I am usually attentive to the special
offers of electric operators

When parking I am usually careful to
avoid having my car damaged

I really enjoy spent my free time in parks, green areas to
breathe clean area

Idesign3 Ienv4
When furnishing I am willing to buy

pieces with modern design features and
original details

How much do you agree with the following sentence: we
must act and make decisions to reduce emissions of

greenhouse gases
Idesign4 Ienv6

I am willing to go to the body shop
mechanic not only for major damages

I am not willing to use the car during weekend to protect
the environment and then reduce air pollution

Table 9: Estimation results for the measurement models of HCM.

Measurement model
LVconsumption LVDesign LVenvironment

Qcons Qdesign Qenv

α10 +0.567 (+3.46) α20 −1.79 (−2.77) α30 −1.89 (−24.48)
λ10 +0.725 (+11.40) λ20 +0.148 (+ 0.85) λ30 +0.495 (+ 14.12)
v10 +0.787 (+16.37) ]20 +1.38 (+33.16) v30 +1.18 (+31.06)

Icons2 Idesign1 Ienv3
α12 0 α21 0 α33 −1.36 (−19.03)
λ12 1 λ21 1 λ33 +0.729 (+20.82)
v12 1 v21 1 ]33 +0.983 (+25.99)

Idesign3 Ienv4
α23 +2.79 (+ 2.72) α 34 0
λ23 +1.60 (+ 5.72) λ 34 1
v23 +1.43 (+ 31.24) v34 1

Idesign4 Ienv6
α24 +2.79 (+ 2.69) α36 −1.95 (−26.15)
λ24 +1.84 (+ 6.52) λ36 +0.396 (+12.18)
v24 +1.65 (+ 28.17) v36 +1.13 (+31.80)

*e t-test values are given in parenthesis. *e indicators for each latent variable are highlighted in bold.
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in Table 11. *e comparison was carried out to investigate
the following:

(i) If the same socioeconomic and instrumental attributes
are statistically significant with or without the explicit
simulation of psychoattitudinal factors through LVs

(ii) If the socioeconomic attributes continue having the
same interpretation and the same role

(iii) If the resulting HCMmodel has the same predictive
capability of a traditional approach and/or shows
similar sensitivity to the instrumental attributes

Overall, bothmodels presented similar specification of the
utility functions, except for the LVs. *ese results highlight
the robustness of hybrid choice modelling based on LVs, and
confirm how LVs do not substitute significant attributes in
traditional models, but make it possible to better interpret the
choice phenomenon, enriching the utility functions.

Moreover, it must be observed that in the HCM the
alternative specific constant was not significant in the choice
model supporting two further considerations. In fact, HCM
embeds the alternative specific constants (intercepts) in the
structural and in the measurement equations, thus allowing
a different, but clearer, interpretation of the alternative
specific constants’ role in the systematic utilities.

If both models share similar attributes, it is interesting to
investigate if the HCM shows better goodness-of-fit and/or
has a different sensitivity to the main instrumental attribute
represented by the Δcost.

To this aim, together with traditional indicators, specific
comparison indicators proposed by de Luca and Cantarella
[115] were estimated, whereas direct elasticities were cal-
culated with respect to the Δcost attribute.

To compare the two models, the following indicators
were used:

(i) *e traditional rho-square indicator;
(ii) %correct, that is the percentage of users in the

calibration sample whose observed choices are given
the maximum probability (whatever the value) by
the model

(iii) FF�Σipsim
i /Nusers ∈ [0,1], Fitting Factor (FF); that is,

the ratio between the sum over the users in the
sample of the simulated choice probability for the
chosen alternative, psim

user ∈ [0,1], and the number of
users in the sample, Nusers;

(iv) %Clearly Correct, which is the Percent-Correct
percentage of users in the sample whose observed
choices are given a probability greater than
threshold t (considered thresholds are ≥60/70/80/
90%) by the model; this indicator makes it possible
to obtain a better interpretation than the traditional
%correct.

With respect to the rho-square indicator (see Table 6),
the HCM clearly outperforms the BNL model. Whilst, if %
correct indicators show similar values, FF indicators high-
light that the HCM model is able to provide a better sim-
ulation of the choices made by users (with reference to each
respondent); this result is also confirmed by %Clearly
Correctt. Indeed, with respect to different thresholds t
greater than 0.5, HCM clearly outperforms the BNL (see
Table 12).

*e models were also compared in terms of elasticity
with respect to the Δcost.

In Figure 3, the results of the sensitivity analysis of
ΔProbability of choice to install against Δcost increasing
(from 10% to 50%, with intermediate increasing values at
20%, 30% and 40%) are shown, respectively, for BNL and
HCM. First of all, it should be observed that both models are
similarly sensitive to cost; indeed, by increasing the Δcost
(which means increasing the kit installation cost), the
probability to install the kit is negatively affected and the
ΔProbability to install the kit shifts from −1% to −14% for
HCM and from −1% to –13% for BNL.

However, if the two models show similar sensitivity to
the monetary cost, it is interesting to investigate the sen-
sitivity of the probability to install the kit with respect to the
explaining attitudes.

*is nonconventional elasticity analysis was carried out
to understand if and how a change in the attitudes may affect
the choice probabilities.

If it may be argued the meaning of varying an attitude
and/or the actual possibility to modify an attitude, on the
other hand, the aim of such an analysis is twofold: first the
comprehension of the weight of the attitudes within the
model specification, thus the need for explicitly simulating
them; secondly, which effects may be obtained by acting on
the attitudes. Indeed, the attitudes may be affected by ex-
ogenous factors, such as different marketing strategies and
the fictitious creation of mediatic phenomena.

With regard to our analyses, the values of the LV (at-
titudes) in the systematic utility functions were increased
from 10% until 100%. In accordance with previous

Table 10: Estimation results for structural models of HCM.

Structural model
Attributes Value
Attitude towards fuel consumption
(LVConsumption)
βMEAN1 −2.32 (−29.80)
ω1 +0.787 (+16.37)
By car-shopping −0.448 (−2.52)
By car-personal services +0.550 (+3.88)
Master’s degree +0.128 (+2.22)
Attitude towards vehicle design (LVDesign)
βMEAN2 −3.39 (−42.17)
ω2 +0.299 (+6.96)
Age −0.0955 (−2.37)
Gender −0.278 (−6.65)
Attitude towards environment (LVEnvironment)
βMEAN3 −

ω3 +1.34 (+27.18)
Age −1.06 (−15.60)
Gender −1.12 (−16.74)
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Table 11: Comparison between BNL model and HCM (only significant attributes are listed).

Attribute BNL HCM
Age +0.352 (+2.86) +0.160 (+1.87)
Master’s degree +0.360 (+2.86) +0.156 (+2.16)
ZonRes +0.157 (+2.04) +0.0761 (+1.98)
Diesel +0.356 (+2.72) +0.479 (+3.52)
CarAge +0.0358 (+2.11) +0.0272 (+1.55)
By car-shopping +0.867 (+2.34) +0.669 (+1.490)
By car-personal services +0.678 (+1.80) +0.192 (+2.53)
Δcost +0.0641 (+8.55) +0.0638 (+8.16)
LVConsumption — +0.548 (+2.55)
LVDesign — +0.0682 (+2.46)
LVEnvironment — +0.104 (+1.98)
ASC +1.53 (+7.67) —
STATISTICS
#observations 1364 1364
Init-log-likelihood (only the log-likelihood associated with the discrete choice component is
considered) −944.760 −944.760

Final log-likelihood −780.962 −779.81
Rho-square 0.184 0.212
t-Test values are given in parenthesis. δj refers to the thresholds estimation for the ordinal logit model.

Table 12: Comparison between BNL and HCM in terms of goodness-of-fit indicators (see [115]).

GOF indicators BNL HCM
%correct 70.31 70.16
FF 59.64% 65.47%
ClearlyCorrect0.6 14.52% 21.70%
ClearlyCorrect0.7 11.44% 20.82%
ClearlyCorrect0.8 4.25% 17.08%
ClearlyCorrect0.9 0.22% 5.57%
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Figure 3: BNL/HCM: sensitivity analysis of ΔProbability of choice to install against Δcost.
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considerations sensitivity analyses were referred to the at-
titudes towards design and environment. *e results are
proposed in Figure 4.

First of all, results emphasise that the choice behaviour is
significantly affected by the attitudes towards the design and
the environment.

In fact, as the LVdesign increases, the ΔProbability to
install the kit decreases from −3% to −26%; this result in-
dicates that car-makers or decision makers could affect the
choice to install the new technology by acting on the atti-
tudes towards design, but also working on the design of the
technology itself. In our specific case study, the after-market
significantly changes the overall aesthetic of the owned car.
With respect to the LVenvironment, the ΔProbability variation
to install the kit increases from 3% to 11%. As commented
before, acting on the users’ proenvironment consciousness
and awareness may have significant impact on the choice to
install the kit. Also in this case, it could be more effective
acting on the attitudes than on the instrumental features of
the automotive technology.

6. Conclusions

*e market penetration and/or the diffusion of innovative
technologies call for a realistic interpretation of the user’s
choice process and require choice models which are effective
but can be easily implemented in any operational scenario
[116].

A choice process can usually be outlined in different
stages (knowledge, persuasion, decision, implementation,
and confirmation), and existing literature has widely in-
vestigated these phenomena through aggregate approaches

founded on the diffusion models/theory [117], or following
(user oriented) disaggregate approaches which are able to
interpret/model some of the abovementioned stages of the
choice process.

Within this framework, the paper aims to investigate the
choice behaviour which underpins the decision/imple-
mentation stages when using the HySolarkit technology
solely as a case study.

In particular, the paper aims to respond to three main
research questions:

(i) If and which attitudinal factors significantly affect
users’ choice of new automotive technology (e.g.,
after-market hybridization kit), thus if users’ choice
should be investigated through more advanced and
behaviourally complex models

(ii) Which is the most effective surveying approach to
observe users’ attitudes. Indeed, one of the main
issues of choice modelling consists in how to
“grasp” users’ attitudes and, in particular, through
the use of which type of questions (e.g., direct or
indirect) as well as through which specific
questions.

(iii) How the propensity of choosing a new automotive
technology is sensitive to users’ attitudes/concerns
and changes.

As secondary results, the paper also made it possible to
carry out a comparison between a Hybrid choice model
(HCM) with Latent Variables (LVs) and a traditional bi-
nomial Logit model (BNL), and identified which kind of
attitude plays a role in the propensity to install a new and
“greener” automotive technology.
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*e above research questions were addressed by carrying
out a stated preferences survey which investigated the choice
of installing an after-market hybridization kit and collected
attitudinal factors through direct and indirect questions.

Estimation results highlighted that attitudinal factors
significantly affect users’ choice. Indeed, three (of the five
investigated attitudes) were statistically significant and
highlighted that the HCM with LVs model was able to ef-
fectively interpret the users’ choice. *e statistically signif-
icant attitudes were:

(i) Attitude towards the “environment”
(ii) Attitude towards the “fuel consumption”
(iii) Attitude towards the “vehicle design”

If the first two attitudes are in line with the study ex-
pectations, the attitude towards the design reveals the role of
aesthetic factors. By contrast, the attitudes regarding the
technology and the reliability of technology did not turn out
to be statistically significant, highlighting that the users’
behaviour is not influenced by being a “technologically
oriented/captive” user.

In terms of magnitude, the latent variable representing
the attitude towards “fuel consumption” showed a relative
weight greater than the other two LVs, whereas the latent
variable representing the attitude towards the “environ-
ment” showed a weight greater than the LV representing the
attitude towards the “design”.

*e analysis of the Logit model formulation was carried
out to compare the systematic utility specifications and,
secondarily, to compare the models in terms of the good-
ness-of-fit.

*e primary consideration is that the two models share
almost the same specification of the utility functions, except
for the LVs. *ese results highlight how attributes that are
significant in traditional models continue to be significant in
the HCM and how the LVs do not substitute these attributes,
but enrich the utility functions allowing for a better inter-
pretation of the choice phenomenon.

Furthermore, the socioeconomic attributes which are
statistically significant in the BNL become statistically sig-
nificant in the specification of the LVs only. Such a result
confirms that the HCM specification also makes it possible to
better classify the socioeconomic attributes, highlighting their
role in the interpretation of the users’ attitudes within the LVs.

Regarding the goodness-of-fit, it has been shown that the
HCM outperforms the BNL, also allowing for a better
market share prediction.

With regards to the approach that aims to “grasp” the
attitudes, no statistically significant results were obtained
using only direct or only indirect questions, whilst the mix
of both types of questions made it possible to obtain a
consistent and robust model. *erefore, the first attitudes
may be considered endogenous to the users; thus, they
should be “grasped” by indirect questions regarding the
respondent’s generic preferences; secondly, the attitudes
cannot be considered as being totally independent from
the choice context under investigation; thus, they should
be “grasped” by direct questions regarding the

respondent’s preferences specifically related to the choice
context.

Finally, although both models showed a similar sensi-
tivity to the instrumental attributes (installation cost), the
sensitivity analysis on the HCM model showed how the
choice probabilities are extremely sensitive to the attitude
variation. In particular, the choice behaviour is more sen-
sitive to the attitudes towards the “design” and the
“environment”.

Such results indicate that decision makers and/or
industries may pursue sustainability goals acting not only
on the instrumental features of a technology, but also
trying to induce a behavioural change through the
modification of the user’s attitudes, concerns, and/or
perceptions. *ey could work on specific strategies, such
as the promotion of educational programmes, the de-
velopment of “ad hoc” marketing strategies, and/or the
creation of social phenomena through the current social
platforms.

In conclusion, the adoption of new technologies requires
effective modelling solutions which are able to simulate the
choice process and/or allow for a wide interpretation of the
phenomenon. From a political point of view, the market
penetration of sustainable technologies depends on the
instrumental features of the technology, but it can be sig-
nificantly affected by acting on and/or cultivating “users’
background, feelings, and emotions”.

Indeed, this field is complex and worthy of further re-
search and it is the authors’ opinion that future perspectives
should focus on three main streams.

Firstly, a significant amount of effort should be placed
on the development/implementation of alternative
theoretical paradigms which are able to embed the
psychological factors within behavioural paradigms
unlike the utilitarian framework. Moreover, such para-
digms should be integrated in a unique behavioural
framework, coherent with the five stages of the diffusion
paradigms: knowledge, persuasion, decision, imple-
mentation, and confirmation. *e integration of
behavioural choice models within the “diffusion para-
digm” might give interesting insights for a better un-
derstanding of the diffusion process and would be of
support in interpreting and modelling the “knowledge”
and “persuasion” stages which are rather overlooked in
the literature.

Secondly, it could also be relevant to investigate if and
how the diffusion of a new technology could be affected by
its environmental impact. Indeed, even though a tech-
nology might be attractive, this could determine negative
feelings from the potential users. *is aspect, which does
not hold for the HySolarKit, should be explicitly observed
and modelled.

Finally, another crucial research field concerns the in-
vestigation of different and reliable, but easy to deploy,
approaches for capturing and measuring the user’s psy-
chological factors which in turn affect users’ behaviour.
Indeed, the use of the Likert scale and/or the use of absolute
judgments may not effectively represent the user’s
perceptions.
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Appendix

Technological Framework

In this paper, the HySolarKit (HSK, see Figure 5) developed
by the E-Prob Lab of the University of Salerno (Italy) has
been considered. *e technology is an aftermarket mild
hybridization kit based on the idea that conventional ve-
hicles may be upgraded to hybrid vehicles by means of the
electrification of the rear wheels in front-wheel-drive ve-
hicles, adopting in-wheel motors plug-in HEVs
[17, 18, 20, 21]. Concerning the battery, it may be recharged
in three alternative ways: by the rear wheels when operating
in generation mode, by photovoltaic panels, or by a regular
electric power outlet when the vehicle is connected to the
power grid in plug-in mode [19]. In terms of reliability, it is
estimated that the battery duration in fully charged con-
ditions is around 15 Km in hybrid mode and in an urban
context.

A more detailed description of the vehicle management
unit and on-board diagnostics protocol gate is provided in
[22].
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