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Abstract

Introducing airplanes powered by renewable energy, such as electricity or hydrogen, is seen as one of the options to contrib-
ute to achieving climate neutrality in aviation, especially for regional and short-haul applications. It also brings new possibilities
to connect small regional airports and reduce access and egress times to/from airports. This research aimed to gain insights
into the acceptance and factors that may affect passenger acceptance of hybrid-electric airplanes for short-haul regional appli-
cations. In working toward the aims, a questionnaire was designed and distributed online to active long-distance travelers in
Germany. Two structural equation models were estimated to identify the influential factors and their impacts on attitudes
and the intention to accept hybrid-electric airplanes. The results confirmed not only the relevance of service attributes, such
as travel time, safety, comfort, and climate impact, but also the impacts of psychological and behavioral factors. Generally,
safety and security had the highest impact on passenger acceptance. Stronger concerns about the safety and comfort of the
new airplanes and of conventional airplanes flying today might reduce the intention to use the new airplanes, whereas stron-
ger climate concerns and trust of new mobility technology might lead to stronger acceptance. Moreover, passengers’ previ-
ous experience taking similar types of conventional propeller-driven airplanes might affect their safety concerns about the
new airplanes. Information about new aircraft technology and test flying experience may help to overcome psychological

barriers.
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Reducing its climate impact is challenging for the entire
air transport system. Globally, the air transport sector is
committed to achieving net-zero carbon emissions by
2050 (1). Further, the European Green Deal has stipu-
lated that the aviation sector must contribute to the goal
to reduce 90% transport emissions by 2050 (2).
Researchers in the aviation industry are therefore spear-
heading research to develop airplanes powered by renew-
able energy sources such as electricity and hydrogen.
These technological innovations are enabling the devel-
opment of aviation transport, from electrically powered,
vertical takeoff and landing vehicles (eVTOL) with dis-
tributed propulsion for urban air mobility (UAM) to 19-
seater (or more) airplanes for regional air transport.
Small air transport vehicles like eVTOLs typically pro-
vide service for distances of less than 300 km and require
new infrastructure, whereas regional air transport vehi-
cles like 19-seater airplanes can carry more passengers,
have operational ranges greater than 300 km, and can

use existing airfields and airports (3). In this study,
beyond the scope of UAM, we focused on airplanes pro-
viding short-haul regional air mobility services, which
offer the possibility of “connect regions” by connecting
small regional airports that are more densely distributed
than airports with (scheduled) passenger services (4, 5).
This, in turn, would also substantially reduce the dis-
tance and time for airport access and egress compared
with current conditions (35).

Other than companies designing and manufacturing
the airplane, such as Eviation and Heart Aerospace
(6, 7), researchers have attempted to understand the
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potential market for and the capacity of electric or
hybrid types of airplanes, focusing on travel time savings
and emission reduction benefits, among other factors (4,
5, 8~10). On the premise of technological development,
the successful introduction of electric- and hydrogen-
powered aviation also depends on passengers’ acceptance
of the technology and willingness to pay (WTP).
Nevertheless, very little attention has been given to the
public acceptance of these new types of airplanes. Only a
handful of studies have analyzed air passengers’ inten-
tion to adopt ecofriendly electric airplanes (11, 12).

This study focuses on 19-seater, propeller-driven
hybrid-electric airplanes (HEAs) with conventional take-
off and landing features, which incorporate a fuel cell
and battery. The project selected an HEA configuration
that could achieve an operating range of up to 950 km
(13, 14). Furthermore, these aircraft can use existing air-
fields and airports and are expected to fill a place in the
market that is currently taken by less environmentally
friendly aircraft. To understand passenger acceptance
and reveal the factors that may affect acceptance of such
airplanes, a survey was designed and conducted. From
this, statistical models, such as structural equation mod-
els, were estimated. This work contributes to the litera-
ture by expanding existing theoretical frameworks and
validating them based on empirical data. Based on the
modeling results, this paper discusses the practical impli-
cations of the models, providing room for several strate-
gies and opportunities for stakeholders to influence
passengers’ decisions.

The remainder of this paper is structured as follows: a
literature review of the new airplanes that are enabled by
new technologies is presented. This is followed by an
account of the methodologies applied in the current
study, including data collection and theoretical model
development. The subsequent section describes the sur-
vey sample before exploring the descriptive and statisti-
cal results. The key findings are then interpreted, and
practical implications are provided. The final section pre-
sents our conclusions and provides an outlook on further
research.

Literature Review

Recently, an increasing amount of studies have focused
on airplanes comprising new technologies, that is,
eVTOLs and UAM. Market analyses and demand fore-
casts have been conducted in different regions with a
focus on service within urban areas. (/5-21). However,
in relation to 19-seater regional HEAs specifically, most
research has focused on technological development and
aircraft design, and evaluating its potential demand has
received much less attention. We found only a few

studies focusing on evaluating the market potential and
economic performance of these airplanes. Most recently,
Justin and Mavris conducted a market study covering
the entire United States on a county level (4). Using a
four-step demand model and fleet optimization, the
authors uncovered the demand for regional air mobility
services that cannot be met by the current commuter
operators who serve between 10 and 75 passengers per
day. They concluded that electric- and hybrid-electric
aircraft operators could profitably serve about half of
the estimated demand. Spangenberg conducted an eco-
nomic feasibility study for 19-passenger hybrid-electric
commuter aircraft (/0). The results show an estimated
market demand of 5% and 15% for Europe and the
United States, respectively, with a focus on business tra-
velers. In a case study of Italy, Salucci et al. compared
the travel times between 19-seater HEAs and ground-
based transport modes and optimized the network to
capture the highest travel demand. The results showed
that up to 15,000 daily commuters could benefit from
the point-to-point service (22). In addition, Grimme
et al. compared travel times using regional HEAs and
other transport modes (e.g., conventional air, rail, car) in
Germany (5). The results indicated that travel time sav-
ings of regional HEAs could occur at distances up to
400 km, given the aircraft’s maximum mission distance
of 200 km. Moreover, the highest travel time savings can
be achieved for connections between major cities and
between secondary metropolitan areas that are not well
connected by rail or road (with a distance of 300 to
400 km between). A study by Schuh et al. concluded that
with the assumption that the ticket price range is similar
to that of a German first-class train ticket, HEAs could
operate profitably with a profit margin above 10% (23).

To date, very few studies have been conducted on this
new air mode to understand passenger acceptance. With
regard to electric airplanes in general, Han et al. analyzed
the responses of more than 300 U.S. airline passengers and
found that adoption intention toward ecofriendly electric
airplanes is likely to be affected by green image (consumer
perceptions that a firm or product is committed to envi-
ronmental protection), emotional attachment, environ-
mental awareness, and moral/social norms (/7). Han et al.
pointed out that reducing customers’ perceived risk and
increasing new product knowledge is critical to boosting
trust and positive attitudes toward adopting electric air-
planes (24). Han et al. also emphasized the gender and age
difference in airline customers’ ecofriendly intention to
adopt electric airplanes (25). Nevertheless, to the best of
the authors’ knowledge, no studies to date have conducted
a holistic analysis to understand passenger acceptance and
reveal relevant factors that might affect passenger accep-
tance of 19-seater HEAs.
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Figure |I. Methodological framework.

Summary of Factors Affecting Passenger Acceptance of
New Transport Modes

To obtain an overview of the potential factors that might
affect passenger acceptance of HEAs, we merged our
own findings with the results of other systematic reviews
(26-28) on passenger acceptance of conventional avia-
tion, as well as in relation to new transport modes such
as electric vehicles (EVs), autonomous vehicles (AVs),
UAM/air taxis, and electric airplanes. We summarized
the factors into five categories, including demographic
factors, such as gender, age, education, employment,
household income, household composition, and residen-
tial area (15, 21, 27-32); travel behavior factors, such as
travel frequency, in-vehicle time, mode choice, trip pur-
pose, typical travel time spent, and mobility impairments
(15, 17, 27, 28, 31, 33); situational/technological factors,
such as speed, cost, power generation/supply, emissions
(production and operation), safety, comfort, noise, tur-
bulence/bumpiness, energy consumption, operation
range, infrastructure, schedule reliability, and multimo-
dal connectivity (15, 21, 27-29, 31, 32, 34); attitudinal/
psychological factors, such as personal innovativeness,
environmental concern, perceived risks, social influence,
trust, subjective norms (perceptions of others’ behavior),
moral norms, perceived usefulness, and perceived ease of
use (15, 26-29, 31, 33, 35-37); and contextual factors,
such as policy incentives, subsidies, and tax exemption
(28). Two metareview papers (27, 28) also concluded that
the theory of planned behavior (TPB), the technology
acceptance model (TAM), and the unified theory of

acceptance and use of technology are the commonly
applied theoretical models for studying the acceptance of
AV and EV. Until now, only one study, by Al Haddad
et al., has used the TAM framework to study UAM
acceptance (31).

Methodology

As no data were available to analyze the acceptance of
HEAs in Germany, we collected and analyzed primary
survey data. Details of the survey instrument and methods
applied to analyze the data are described in the following
sections. Figure 1 presents the overall methodological
framework.

Data Collection

We designed and distributed an online questionnaire via
a commercial digital survey panel. A copy of the ques-
tionnaire is available in Appendix F. From September to
December 2021, we collected the data from a representa-
tive sample of 3,010 German residents who had traveled
at least once on trips longer than 200 km within conti-
nental Europe in 2019, before the start of the COVID-19
pandemic. We decided to recruit panelists who were at
least 18 years old for this study.

The survey was available in German and English. It
was structured in five parts. The first part screened eligi-
ble participants by asking about their general travel fre-
quency for trips above 200 km within Europe in 2019.
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We also included questions on gender, age, highest edu-
cation level, household income, and residential area in
this section to ensure that the participant quota corre-
sponded to the population distribution. The second part
elicited more details about the participants’ long-distance
travel in 2019, such as travel frequency, transport mode,
and trip purpose. Based on the selected trip purpose(s),
we asked the respondents to rate the importance of 11
relevant mode choice factors (e.g., summarized by Cho
[38] and Straubinger [39]), such as safety and security,
travel time, and climate impact. In addition, focusing on
previous air travel, questions were asked concerning
flight frequency, purpose, attitudes toward flying on con-
ventional airplanes (measured using a six-point Likert
scale, from 1 “I strongly disagree” to 5 “I strongly
agree”, as well as “I do not know”), and their experience
and attitudes toward flying with conventional propeller-
driven airplanes. In the third part, we introduced the
general concept of HEAs. We provided a list of service
attributes based on the those of conventional airplane
services (such as flight time, ticket price, and comfort).
The respondents were asked to indicate how important
those attributes are for their travel needs according to
their selected travel purpose(s). Next, we provided a
detailed scenario of service features of a typical type of
HEA. Based on this scenario, respondents were asked to
indicate their agreement on a series of attitudinal state-
ments (on the aforementioned Likert scale) concerning
trust in HEA performance (e.g., I am concerned about
the potential risks of taking an airplane powered by elec-
tric propulsion); their trust in airplanes’ environmental
performance (e.g., I am concerned about the climate
impact of power production, such as electricity and
hydrogen); the social impact of such an adoption (e.g.,
Flying with hybrid-electric airplanes would improve the
way others perceive me), willingness to allocate budget
(e.g., It is acceptable for me to pay conventional flight
ticket prices for hybrid-electric airplane flights), and
intention to adopt the airplane (e.g., I would consider
taking hybrid-electric airplanes if they were certified by
the relevant authorities). According to the responses
about adoption intention, we asked the respondents to
indicate their perceived use cases (purposes) or their rea-
sons for not considering using the service. The questions
included in the fourth section were designed to measure
attitudes toward using new mobility products (e.g.,
Among my friends and acquaintances, I am usually the
first to use new mobility products), as well as attitudes
and actions on climate change (e.g., about the introduc-
tion of CO, tax; actions such as I have bought an electric
car). Considering a potential social desirability
bias sometimes found in studies investigating environ-
mental attitudes (40), we used indirect questions.
For example, instead of asking “What would you

do ...?” we asked “What do you think German citizens
should do ...?” when asking about attitudes on climate
change. A complete list of the aforementioned survey
items as well as their descriptive statistics can be found
in Appendix C. The survey ended with questions captur-
ing other demographic information, such as employment
status, household composition, driver’s license, car avail-
ability, and postal code. All items reported were asked to
relate to 2019. To control the quality of the responses,
we included “trap” questions and varied the directional-
ity of the statement questions to be both positively and
negatively associated with a given construct.

Model Development

Based on the literature review results for potential factors
affecting passenger acceptance of new transport modes, we
focused on identifying the impacts of service attributes,
attitudinal factors, and previous travel behavior. External
factors, such as incentives and subsidies, were not consid-
ered at this introductory stage. Sociodemographic factors
were set as control variables. To identify the most influen-
tial factors and how they might affect passenger accep-
tance, we developed conceptual frameworks that related to
the project goal, identified relevant base theories, and con-
ducted a preliminary exploratory analysis.

As our research project aimed to design a type of
HEA that produced a smaller environmental footprint
throughout its life cycle, we informed the respondents
that the HEA was an environmentally friendly transport
mode. Therefore, according to previous studies, we
assumed that environmental attitudes/awareness would
affect the decisions. Moreover, as safety and trust have
been found to be the top factors influencing the accep-
tance and adoption of novel transport modes such as
AVs and UAM, we assumed these aspects would also
prove relevant to the acceptance of HEAs, a new air
mode considering the new propulsion system.

To ensure our research was built on a solid theoretical
background, we referred to the prevailing theories of
TPB (4/) and customer decision behavior (42) when
designing the survey items and enhancing the conceptual
framework. TPB has been utilized to discover consumers’
ecofriendly and green behaviors and how these behaviors
can be affected by environmental concerns/awareness
(43). Moreover, TPB allows analysis of how behavior
intention might be affected by the grade of comfort and
difficulty perceived by an individual concerning conduct-
ing a certain behavior (perceived behavioral control)
(41). In this context, we specified these as an individual’s
capability and willingness to allocate money and time
budget to use HEAs. We further assumed that an individ-
ual’s acceptance of HEAs could also be affected by their
social surroundings, such as families or friends. This
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Figure 2. Theoretical framework of the service model.

aspect was adapted from the “social norms” element of
TPB. Furthermore, because HEA is a new mobility prod-
uct being introduced to the market, passengers might
experience uncertainties as they are unfamiliar with the
product, cannot foresee the consequences of their accep-
tance, or both. Literature defines this type of uncertainty
as perceived risk (e.g., financial-, functional risk [44, 45]).
Perceived risk is relevant to customer decision behavior
(42). In our context, we focused on perceived physical
and functional risks with regard to the safety and com-
fort of the new airplane. Unlike other new transport
modes (e.g., EVs, AVs, and UAM), passengers would
not control HEAs or fly on-demand, therefore, the TAM
framework was not selected.

To confirm whether the aforementioned variables have a
relationship with acceptance and explore whether these vari-
ables are affected by other exogenous variables included in
the survey, we started with preliminary exploratory factor
analysis (EFA) on half of the sample to group the relevant
survey items to reveal underlying latent factors.

As a result, we proposed two conceptual models. The
first model focused on exploring the impacts of the ser-
vice attributes. Through EFA, we clustered service attri-
butes into time, comfort, safety, climate impact, cost, and
other attributes (e.g., multitasking possibility), according
to their rated importance (from 1 “Least important” to 5
“Most important”). Similarly, we identified several fac-
tors to describe attitudes toward HEAs, such as concerns
about safety, concerns about comfort, accepting the need
to spend more time to use HEAs, and accepting having
to pay conventional flight ticket prices to take HEAs. We

intentionally split some of the attitudinal factors to form
hypothetical relationships with the corresponding service
attributes. In the next step, we attempted to understand
how the perceived importance of certain service attri-
butes might affect attitudes toward HEAs. Figure 2
shows the hypothetical relationships (H1 to H13) among
different levels of endogenous and exogenous variables.

The second model focused on the impacts of the atti-
tudinal factors (as shown in Figure 3). Through EFA,
we identified several factors to describe attitudes toward
HEAs: positive social impact on intention to use HEAs;
concerns about the safety, comfort, and environmental
performance of HEAs; and willingness to allocate budget
to use HEAs. In addition, other attitudinal factors, such
as climate concerns (43), trust toward new mobility tech-
nology (46), and safety and comfort concerns about con-
ventional airplanes, were included and extended the base
model. HI to H11 of Figure 3 present all the hypotheti-
cal relationships to be validated.

Following EFA, as part of the structural equation
modeling (SEM), we conducted a confirmatory factor
analysis (CFA) on the other half of the sample to validate
the EFA-informed a priori theory about factor structure
and psychometric properties (47). Ultimately, a multi-
group SEM was performed to examine whether the given
measurement items were equivalent across population
groups and whether the given relationships among the
latent variables remained unchanged across different
population groups (48, 49).

The following equations illustrate the measurement
and structural components of a SEM. Equations 1 and 2
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are the measurement models related to the endogenous
and exogenous variables, respectively. (50) The multi-
group notation is included, according to the research
undertaken by Gkartzonikas et al. (51).

V¥ = ASm® + & with cov(ef) = OF (1)
x¢ = ASES + B¢ with cov(d®) = OF (2)

where

y is px1 vector of endogenous observed variables (such as
survey questions on the intention to use HEAs);

x is q*1 vector of exogenous observed variables (such as
survey questions asking about the attitudes toward new
mobility technology);

m is mx1 vector of latent endogenous variables (such as
the identified factor “intention to use HEA™);

¢ is nxl vector of latent exogenous variables (such as
the identified factor “trust toward new mobility
technology”);

Ay and A are p * m and q * n matrices of coefficients of
the regression of y and x, respectively;

€ and & are px1 and qx*1 vectors of measurement errors of
y and x, respectively;

®, and Oj are covariance matrices of € and 8, respec-
tively; and

g refers to the number of groups: g=1 and 2 in this
study.

Equation 3 is the structural model indicating the associ-
ation between the latent exogenous and latent endogenous
variables, as well as the relationship among the latent endo-
genous variables (50, 51).

e = Béq® + TEE + (& with cov(E)

= ®¢ and cov((®) = P& (3)
where
B is m#*n matrix of m -variables in the structural
relationship;

I' is m * n matrix of the coefficients of the & -variables in
the structural relationship;

{ is random mx1 vector of errors; and

® and W are the covariances matrices of & and (,
respectively.

All the aforementioned models were estimated with R
software, using the Lavaan package (52). All Likert-scale
responses were treated as interval data, and a MLR
(maximum likelihood with robust standard errors) esti-
mator was applied.

Research Sample

The sample consisted of 3,010 individuals. In general, the
sample is very well represented in relation to gender, age,
educational level, household income, and region, as shown
in Table 1. The gender and age distributions corresponded
to the German census (53). Distributions of income and
education were obtained according to information from
the Federal Statistical Office database (54). To ensure a
representative sample of urban, suburban, and rural areas,
we sampled based on postal codes categorized according
to area type, defined by the Federal Institute for Research
on Building, Urban Affairs, and Spatial Development (55).
The distributions of flying purpose and frequency were
compared with Germany’s national household travel sur-
vey data (56) and Lufthansa statistics (57), respectively.
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Table I. Sample Characteristics

Sample Population
distribution distribution
Category (N =3,010) (%) (%)
Gender
Male 48.8 48.6
Female 51.2 514
Age (years)
18-25 9.9 9.2
26-35 21.1 21.7
3645 20.6 224
46-55 21.1 222
56-65 19.2 16.8
>65 8.1 7.7
Region
Urban 34.1 31.0
Suburban 39.8 44.0
Rural 26.2 25.0
Education level completed
School without 0.1 1.0
graduation
Primary or secondary 220 23.0
school
High school—Abitur 18.2 12.0
Apprenticeship 36.5 40.0
University/higher 233 24.0
education
Annual household income (£)
€0-13,000 10.1 1.0
€13,000-19,499 12.8 14.0
€19,500-38,999 36.8 38.0
€39,000-64,999 274 25.0
More than €65,000 12.9 12.0

Other characteristics

Main purpose of previous flights (for those who flew)

Private (leisure, 76 67.3 (56)
social activities)

Business 15.3 31.9 (56)

Commute 7.7 0.8 (including

Others 1.0 “Commute” and

“Others”) (56)
Previous flying frequency (round trips count as one trip)

More than 5 times a 35 24.7 (having
year flown at least

3 to 5 times a year 7.7 once with

| to 2 times a year 38.1 Lufthansa in

2019) (57)
Not at all in 2019 48.6 72.6 (57)
Cannot recall 2.0 2.7 (57)
Have taken propeller-driven airplanes before

Yes 35.0 NA

No 56.0

Not sure 9.0

Note: Abitur = high-school diploma; NA = not available.

Results

This section first provides the descriptive statistics of the
survey results. Then, to further understand the relationship

between variables, we present the results indicated by esti-
mating the statistical models.

Descriptive Statistics

Assuming the prerequisite that the HEAs are certified by
the relevant authorities, the majority (74%) of respon-
dents agreed that they would consider flying with HEAs.
Among the respondents who would consider flying with
HEAs, 64% envisioned using it mainly for private travel
purposes, such as leisure and social activities. Among
those who would not consider flying with HEAs, 36%
(i.e., 9% of the entire sample) indicated safety concerns,
followed by 18% (5% of the entire sample) indicating a
lack of trust in the regulatory authorities. With regard to
the main areas of concern, 42% of respondents agreed
that they were concerned about the potential risks of
electric propulsion, such as battery fires and dangers
from high voltage. About one-third of the respondents
further indicated that they were concerned about the
negative climate impact of airplane manufacturing, the
process of power production (such as electricity genera-
tion), and additional traffic traveling to/from airports.

Figure 4 shows the perceived importance of the ser-
vice attributes for respondents’ travel needs when consid-
ering taking an HEA. In general, almost all the assumed
aspects tended to be relevant to the respondents. The top
10 attributes included safety and security, cost, punctual-
ity, luggage allowance, booking experience, time
(onboard and preboard), climate impact, comfort, and
intermodal integration. Safety and security were per-
ceived as the most important, and almost equally impor-
tant for both business and private travel purposes. Flight
cost was perceived to be much more important for pri-
vate than for business travelers, whereas time-related
attributes such as punctuality, flight time, efficient proce-
dures at the airport, and intermodal integration seemed
to be more relevant to business travelers whose trips are
usually more time-sensitive.

Model Estimation Results

Statistical methods were applied to analyze the potential
impacts of various factors on attitudes toward and inten-
tion to use HEAs. We estimated two models based on the
frameworks described in the section covering the metho-
dology. We named the first model the “service model,”
which implies that the perceived importance of certain
service attributes might affect attitudes toward HEAs
and, thus, acceptance intention. The second model, the
“attitude model,” aimed to reveal the impacts of psycho-
logical factors such as attitudes and motivations.

CFA was initially conducted on the service model to
validate the latent variables. Indicators such as
Cronbach’s alpha, composite reliability (CR), and
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average variance extracted (AVE) were calculated to
assess the reliability and validity of the measurement. Most
of the Cronbach’s alphas were above 0.6, which is an accep-
table value (58). The majority of the CR and AVE values
were also above the acceptable thresholds of 0.6 (59) and
0.5 (60), respectively, and, the AVEs were always higher
than the highest squared correlation between the mea-
sured factor and the other factors, with the exception of
“importance of travel time”. Nevertheless, Fornell and
Larcker suggested that when AVE is less than 0.5, but
CR is higher than 0.6, the convergent validity of the con-
struct is still adequate (59). In addition, EFA identified
some factors, such as “importance of comfort” and
“importance of safety and security” as single-item factors.
However, the reliability of these factors could not be
directly assessed. According to Petrescu, recent studies
have proven that simple and concrete constructs can be
successfully measured through one item (6/7). In fact, the
single-item factor was successfully included in the struc-
tural equation model. The remaining items included in
the CFA had factor loadings of at least 0.4 (62). Details
of the reliability and validity testing of CFA for the ser-
vice model can be found in Appendix A. The item details
can be found in Appendix D.

Following CFA, the structural model estimation was
conducted based on the half-sample employed by CFA.
The results are shown in Table 2. The measurement and
structural models were estimated based on the responses
other than “I do not know.” Moreover, the robust
goodness-of-fit measures (comparative fit index
[CFI] = 0.888, Tucker—Lewis index [TLI] = 0.870, root

mean square error of approximation [RMSEA] = 0.070)
indicated an acceptable fit (57, 63).

The attitude model was estimated following a similar
procedure. First, we started estimating measurement and
structural models based on the sample without grouping.
Furthermore, through exploratory analysis, we noted
that the respondent’s previous experience with small
propeller-driven airplanes might affect their attitudes
toward HEAs. To include this binary variable (with/
without previous experience) in the model, we divided
the sample into two groups and implemented CFA and
structural model estimation accordingly. The reliability
of the measured latent variables was evaluated for the
general sample (no grouping) and for the two subgroups.
The Cronbach’s alpha and CR values for the general
sample and two subgroups were acceptable (58, 59).
Most of the AVE values were also above the suggested
threshold (i.e., 0.5) (60) and were greater than the highest
squared correlation with the other factors, except for
“willingness to allocate budget to use HEAs” for both
the general sample and the two subgroups. Nevertheless,
the convergent validity of the construct was still ade-
quate. The remaining items included in the CFA had fac-
tor loadings of at least 0.4 (62). Details of the reliability
and validity testing of CFA for the attitude model can be
found in Appendix B. The item details can be found in
Appendix E.

Similarly, when estimating both the measurement and
structural models of the attitude model, responses con-
taining “I do not know” were excluded. Tables 3 and 4
give the final SEM results for the attitude model based
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Table 2. Estimated Results of the Service Model

Effects of ...

Mediators

Importance of safety
and security

Importance of comfort

Importance of climate impact

Importance of travel
time

Positive social impact

(from, e.g., family

or media)
Safety concerns about HEAs
Comfort concerns about HEAs
Environmental concerns

about HEAs
Accept spending more time

to take HEAs

Goodness-of-fit indicators of the estimated conceptual model

N
782

na

Safety concerns
about HEAs
na

Comfort concern
about HEAs
na

na

na

Accept spending
more time to
take HEAs

Environmental
concerns about
HEAs

Positive social impact
(from, e.g., family
or media)

na

Accept spending more
time to take HEAs
na

na
na
na

na

df
238

On Direct effects Indirect effects Total effects

Safety concerns 0.088* na

about HEAs
Intention to use HEAs  na —0.044* 0.182%%*%*
Comfort concern 0.084* na

about HEAs
Intention to use HEAs  na —-0.012 —-0.012
Environmental concern  0.536%*%* na

about HEAs
Positive social impact 0.592%** na

(from, e.g., family

or media)
Accept spending more  0.484*** na

time to take HEAs
Intention to use HEAs  na 0.234%%* 0.583*%#%*

na 0.008
na 0.34 | ***

Accept spending more  —0.204*** na

time to take HEAs
Intention to use HEAs  na —0.099%** —0.099%*%*
Intention to use HEAs ~ 0.576*%* na na
Intention to use HEAs —0.493*%* na na
Intention to use HEAs —0.149* na na
Intention to use HEAs  0.014 na na
Intention to use HEAs  0.485%%%* na na
after applying the Yuan—Bentler correction
X Robust CFl Robust TLI Robust RMSEA
1029.782 0.888 0.870 0.070

Note: HEA = hybrid-electric airplane; CFl = comparative fit index; TLI = Tucker—Lewis index; RMSEA = root mean square error of approximation; na = not

applicable.

“p=< 0.05; **p=< 0.01; ***p=< 0.001.

on the general sample without grouping and the two sub-
groups, respectively. The robust goodness-of-fit mea-
sures for both models (CFI=0.904, TLI = 0.893,
RMSEA = 0.061) indicated a good fit (57, 63).

Discussion of the Main Findings

Based on the model estimation results, this section dis-
cusses the service attributes and attitudinal factors rele-
vant to the attitudes toward and acceptance of HEAs.
Recommendations are provided on how the acceptance
of this new air mode could be increased.

Findings About the Service Attributes

In addition to the top service attributes captured directly
through the importance rating, SEM further confirmed
the significant indirect impacts of safety and security,
time, climate impact, and comfort. According to Table 2,
the more important the individuals perceived the safety,
comfort, and climate impact of HEAs, the more they
were concerned about these aspects of HEAs. Concerns
about safety and comfort decreased the intention to use
HEAs. Moreover, those sensitive to time might not be
willing to invest the time needed to take a more environ-
mentally friendly but slower transport mode. On the
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Table 3. Estimated Results of the Attitude Model (No Grouping)

Effects of ... Mediators On Direct effects Indirect effects  Total effects
Climate concerns na Positive social impact 0.394%** na
(e.g., from family or
media)
na Willingness to allocate 0.285%** na
budget to use HEAs
na Environmental concerns 0.463*** na
about HEAs
Positive social impact Intention to use HEAs na 0.080%** 0.260%**
(e.g., from family or
media)
Environmental concerns Intention to use HEAs na —0.012
about HEAs
Willingness to allocate Intention to use HEAs na 0.192%**
budget to use HEAs
Trust toward new na Positive social impact 0.724*** na
mobility technology (e.g., from family or
media)
na Safety and comfort —0.446%** na
concerns about HEAs
na Willingness to allocate 0.669*** na
budget to use HEAs
Positive social impact Intention to use HEAs na 0.147%** 0.734%**
(e.g., from family or
media)
Safety and comfort Intention to use HEAs na 0.137%**
concerns about HEAs
Willingness to allocate Intention to use HEAs na 0.450%**
budget to use HEAs
Safety and comfort na Safety and comfort 0.456%*** na
concerns about concerns about HEAs
conventional airplanes Safety and comfort Intention to use HEAs na —0.140%** —0.140%**
concerns about HEAs
Positive social impact na Intention to use HEAs 0.203*** na na
(e.g., from family or
media)
Safety and comfort na Intention to use HEAs —0.308%*** na na
concerns about HEAs
Environmental concern na Intention to use HEAs —0.026 na na
about HEAs
Willingness to allocate na Intention to use HEAs 0.673*** na na
budget to use HEAs
Goodness-of-fit indicators of the estimated conceptual model after applying the Yuan—Bentler correction
N df X Robust CFI Robust TLI Robust RMSEA
902 337 1329.196 0.904 0.893 0.061

Note: HEA = hybrid-electric airplane; CFI = comparative fit index; TLI = Tucker—Lewis index; RMSEA = root mean square error of approximation; na = not

applicable.

*p=<< 0.05; **p=<< 0.01; ***p=< 0.001.

contrary, those who were more concerned about the cli-
mate impacts of HEAs would be more willing to invest
the additional time needed to use HEAs. Those who pay
more attention to the climate impacts of a transport
mode might also be positively affected by their social
surroundings, such as media, family, and friends, in the
acceptance of HEAs. Such positive influences would also
lead to a stronger intention to use HEAs. It is worth not-
ing that travel cost was found to be an essential service

attribute according to the importance ratings but was
found to be insignificant in the SEM estimation results.
This is possibly because the question set was “It would
be acceptable to pay the conventional ticket price for
using HEAs.” Most respondents agreed with this state-
ment. Therefore, the impact of cost was found to be
insignificant (i.e., H7 and H13 in the service model were
rejected). In future studies, a question could be set to ask
whether respondents would be willing to pay more (or
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less) than the conventional ticket price to use HEAs.
Despite this, we still identified cost as a crucial factor,
especially for private travel purpose, as seen in Figure 4.

Findings About the Attitudes

The SEM confirmed the significant indirect impacts of
several psychological factors. As shown in Table 3, stron-
ger climate concerns and trust toward new mobility tech-
nology led to a stronger acceptance intention. Such
findings are consistent with the existing studies concern-
ing other new transport modes like EVs and UAM (31,
43). On the contrary, stronger concerns about the safety
and comfort of airplanes flying today reduced the inten-
tion to use the new airplanes. Furthermore, subjective
norm (i.e., social influence) concerns about the safety and
comfort of HEAs, and willingness to allocate resources to
use HEAs seemed to mediate between individuals’ atti-
tudes (e.g., toward climate and new mobility technology)
and acceptance intention. However, the mediating effect
of environmental concerns about HEAs was found to be
nonsignificant owing to the insignificant impact of envi-
ronmental concerns about HEAs on acceptance intention
(i.e., H9 in the attitude model was rejected). It fact, the
hypotheses on the impact of environmental concerns
about HEAs were rejected in both the service (HI11 in
Figure 2) and attitude models (H9 in Figure 3), which
indicated that concerns about HEAs’ environmental per-
formance in relation to, for example, energy consumption
and the climate impact of power production did not have
a direct impact on intention to use HEAs. This was con-
sistent with the descriptive statistics (see Appendix C),
showing that most of the respondents were less concerned
about HEAs’ environmental performance. Nevertheless,
we suggest a further investigation could be conducted
using a different survey measurement to confirm this.

Finally, the multigroup SEM indicated that the asso-
ciations between psychological factors and acceptance
intention differed according respondents with and with-
out previous experience of propeller-driven airplanes,
which are somewhat similar to HEAs. According to
Table 4, it seems that lacking trust in new mobility tech-
nology tended to have more substantial impacts on safety
concerns about HEAs for respondents who had no expe-
rience of taking propeller-driven airplanes. This con-
firmed the intuitive expectation that prior experience
could significantly affect individuals’ perceptions about a
new transport mode and, thus, their acceptance inten-
tions. In addition, it seems that the trust in new mobility
technology of those without prior experience could be
affected even more positively by their social surroundings
(e.g., media or family). This indicated the importance of
gaining information and knowledge about new mobility
products.

Implications

The descriptive statistics and statistical analysis results
indicated the high relevance of a few service attributes to
HEA acceptance, such as safety and security, travel time,
travel cost, and comfort. These factors have also been
found to affect mode choice of conventional transport
(39) and of passenger acceptance of new transport modes
such as UAM (64, 65). We further confirmed that differ-
ent customer groups have diverse priorities concerning
some service aspects. For example, considering the lower
importance of flight cost but the higher importance of
punctuality, business travelers could be early adopters
during the market entry phase.

Safety and security seemed to have the highest impact
on passenger acceptance of HEAs. This finding aligns
with Maslow’s hierarchy of needs that motivate human
behavior, which affirms that physiological and safety
needs must be satisfied before higher-level needs (66).
Other studies drew the consistent conclusion that safety
concerns contributed most to the acceptance and adop-
tion of new transport modes such as EVs (28), AVs (27),
and UAMs (30, 31, 64). As even a low number of acci-
dents can cause a deterioration in public perceptions,
failure rates and reliability must be thoroughly under-
stood. Aircraft manufacturers need sufficient tests and
analyses to measure aircraft performance and build a
safety record (65). Manufacturers and regulators at all
levels should work together to provide transparent, com-
plete, and reliable information about the safety and qual-
ity of the new aircraft to build trust in passengers.

The results indicated that prior experience with con-
ventional aircraft relating to safety and comfort posi-
tively correlated with the intention to accept HEAs.
According to our survey results, the majority (around
70%) of respondents were not concerned about the
safety and comfort of conventional aviation. To at least
maintain this group of passengers, the safety and com-
fort levels of HEAs must be equivalent to those of con-
ventional aviation. However, the remaining passengers
who are skeptical about conventional aviation are not
likely be the early adopters of this new aircraft.
Furthermore, considering the association revealed
between passengers’ previous experience with propeller-
driven aircraft and the acceptance intention of HEAs,
providing direct or indirect test experience with actual
HEAs or with a simulator in a laboratory could further
increase acceptance. User testing also allows research-
ers to gather behavioral and physiological measures
beyond subjective trust metrics (64).

Both models confirmed that respondents with stron-
ger concerns about climate change tended to worry more
about the potential climate impact of HEAs. However,
interestingly, no direct association was found between
respondents’ climate concerns and their intention to
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accept a lower-emission aircraft. This finding did not
confirm previous findings about the direct link between
passengers’ environmental attitudes or concerns and the
adoption of UAM or electric airplanes (24, 37). Different
study areas and survey instruments might lead to differ-
ent results. Nevertheless, our finding is consistent with
the attitude—behavior gap of passengers addressed by the
previous studies (67-69). This means that people do not
always convert their environmental awareness and green
behavior in daily life into their travel behavior. In this
case, even for environmentally conscious people, the gap
may hinder their acceptance of HEAs. To reduce the gap,
studies have emphasized the need for education to change
attitudes and policy implementation to directly influence
behavior (69, 70). Meanwhile, the role of information and
communication cannot be ignored (77). It is also possible
that the lack of detailed and appropriate format of infor-
mation about ecological performance made it difficult to
make informed decisions about acceptance. A possible
solution could be to provide transparent information
about the ecological impact of HEAs within the booking
process, for example, via ecolabels, such as the one being
developed by EASA for conventional aviation (30).

Conclusions

HEAs could improve regional mobility and contribute to
the transition toward carbon neutrality if powered by
renewable energy. Focusing on active long-distance tra-
velers in Germany, this case study investigated the atti-
tudes and acceptance intention toward 19-seater HEAs,
identifying the relevant influential factors by analyzing
original survey data.

Based on 3,010 responses collected via an online sur-
vey panel, we found generally positive attitudes toward
HEAs and noted a major safety concern about electric
propulsion. Two structural equation models confirmed
not only the impacts of service attributes, such as travel
time, safety, comfort, and climate impact, but also the
relevance of climate concerns, trust toward new mobility
technology, and previous flying experience. As we con-
firmed that the intention to use HEAs would decrease in
the case of individuals with stronger concerns about the
safety and comfort of HEAs, a safety and comfort level
equivalent to that of conventional aviation has to be
ensured. In addition, transparent and reliable safety
records are required to build passenger trust. Ideally, a
direct or indirect test flying experience may help mitigate
the psychological barriers, especially for those lacking
trust in new mobility technology. Furthermore, we found
that respondents with stronger environmental awareness
tend to be more concerned about the ecological perfor-
mance of HEAs, but they do not necessarily have a stron-
ger intention of acceptance. Decision makers should be

aware of this attitude-behavior gap that might hinder
HEA acceptance, and implement corresponding strate-
gies to mitigate its impact.

We will now identify some limitations of this study
and suggest future research directions. First, the study
was carried out before the beginning of the Covid-19
pandemic, which caused a massive reduction in long-
distance travel, particularly in air travel. The impact of
the pandemic on decision making was not analyzed.
Future studies could assess to what extent this and other
such drastic events might influence acceptance of new
transport modes. Because all the responses provided
were based on the prepandemic situation, some bias
might exist as a result of selective memory in relation to
the travel that occurred two years earlier. Moreover,
some of the answers might have been biased owing to a
lack of knowledge and experience. Future studies could
validate the results using the data collected after a simu-
lator or virtual reality experiment or at a time when
HEAs or similar air modes are available in the market.
Here, researchers will have a chance to test and compare
passengers’ behavioral and physiological changes before
and after passengers gain additional information and
experience. If future studies have the possibility to survey
or interview passengers of existing regional commuter
airplanes or helicopter services that can provide similar
services, other frameworks, particularly innovation diffu-
sion theory, could be used to track the process of accept-
ing new technologies when participants can better assess
the relative advantages, compatibility, observability,
trialability, and complexity of using the new air mode
(46). In addition, the respondents stated their acceptance
of HEAs based on their most frequent travel purpose.
We calculated the total number of trips per year based
on the average trip frequency (e.g., we used 1.5 to repre-
sent a travel frequency of one to two times a year) for each
trip purpose, and found that business travelers in our sam-
ple were underrepresented compared with the share of trips
by purpose indicated in the German household travel sur-
vey 2017 (56).

In the next steps, we will be further investigating the
preferences of different population groups by segmenting
respondents, especially in relation to their demographic
characteristics. Moreover, we plan to investigate further
the WTP for flying with HEAs as a next step. A stated
preference survey exploring passengers’ mode prefer-
ences, including HEAs, is ongoing. There we will find
out at which levels of ticket price, speed, and emissions
passengers would choose HEAs. Moreover, as we find
out that the importance of flight cost differs across busi-
ness and private travelers, we aim to achieve a sample
representativeness of both user segments.

Despite the aforementioned limitations, this survey-
based study has provided a comprehensive understanding
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of the acceptance of HEAs in Germany. The validated the-
oretical models have extended existing theoretical models,
such as TPB. The statistical findings indicated the relevant
factors that should be considered before introducing HEAs
to the market, providing room for several strategies and
opportunities for stakeholders to influence passengers to
make decisions to accept new air modes such as HEAs. In
essence, new air travel services will need to be environmen-
tally friendly and exhibit high safety standards. More
importantly, the safety and ecological performances are
expected to be communicated transparently to gain trust
among passengers. Furthermore, the methodological
framework presented here could be adapted and expanded
to research other geographies, technologies, and market
segments, which would enrich the understanding of passen-
ger acceptance of air transport modes enabled by new
technologies.
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