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Abstract: Shared micromobility is a new phenomenon being observed in urban transport. It is a
response to the problems associated with congestion and environmental pollution. Small electric
vehicles such as e-scooters are highly suitable for crowded city centres, often providing an alternative
to private motor vehicles or public transport, and serve as a good first- and last-mile transport
option. While they have become a feature of sustainable transport systems in cities, their impact
on the environment often depends on the services offered by operators of this mode of personal
transport. There are many tools available to measure the quality of transport, e-services and shared
mobility services. However, no specific mechanism has been designed for vehicles in the field of
shared e-scooters (research gap). The aim of the article is to verify whether the three dimensions
identified by the authors: mobile application functions, device features, and customer service are
valid for examining the quality of shared e-micromobility factors on the example of e-scooters. Based
on the obtained results, the authors created the MMQUAL (MicroMobility QUALity) model, which
accurately describes the quality of the studied phenomenon. The results of the study can serve as
a platform for researchers interested in further exploring the issue and improving the proposed
model. They may also be of commercial value to operators, who could use this tool to boost the
competitiveness of their services by enhancing those features that have the greatest impact on
their quality.

Keywords: sustainability transport; smart mobility; micromobility; e-scooters; service quality assessment;
confirmatory factor analysis; MMQUAL

1. Introduction

Contemporary cities face many problems. Among the most frequently mentioned
logistical problems are congestion, air pollution from car exhaust [1,2], an insufficient
number of parking spaces, poor road safety standards, and high noise levels [2—4]. All
of these factors contribute to a poorer quality of life for urban inhabitants [5]. While
transport is an integral part of the economic activity and social life of city dwellers [6], it
is also one of the largest sources of air pollution in urban areas [7,8], which in turn has
adverse effects on human health, the climate, and ecosystems [9]. Internal combustion
vehicles are responsible for the emission of particulate matter (PM2.5 and PM10), soot (BC),
particles (UFP), nitrogen oxide (NO2), and carbon monoxide (CO), which are harmful to
the body [10,11]. The undesirable effects of an increase in the number of cars in urban areas
could be eliminated, inter alia, by implementing smart mobility solutions, i.e., integrated
transport and logistics systems that make use of clean energy [4]. Smart Mobility [12]
(p. 543) aims to improve mobility while reducing the environmental and social impact of
transport, managing congestion, reducing independent travel, encouraging a modal shift,
reducing journey distances, and increasing the efficiency of the transport system.

To achieve maximum effects when implementing individual smart mobility solu-
tions, a sustainable approach that combines innovative technologies and the needs of city
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residents is necessary. Intelligent mobility systems include both collective transport and in-
dividual mobility systems, including ridesharing, bikesharing, carsharing, scootersharing,
and on-demand ride services [4]. These forms of mobility are to some extent a response to
environmental problems. They also ensure mobile independence for their users without
requiring them to own a car [13].

The implementation of smart mobility solutions is also considered a key area of
sustainable development due to the social and economic benefits it brings. Hence, the issue
of sustainable development is very topical from a transport point of view due to a greater
focus nowadays on the needs of present and future generations [14]. In the literature,
sustainable transport is defined as transport that aims to maintain the right balance, both
now and in the future, between maintaining the natural environment [15], economically
rational transport activities, and the needs and aspirations of society [16]. However, it
should be remembered that assumptions regarding sustainable transport are adopted both
at the EU and national levels, including the local level [14].

The objective of sustainable transport is to raise the standard of living and safety
levels, prioritise public transport [17], focus more on the needs of pedestrians and promote
the role of civil society. According to these goals, transport should not pose a threat to
human health and the ecosystem [18,19]. One sustainable transport solution, which at
the same time also offers an alternative to public transport, involves creating and devel-
oping a system of shared services in transport. These include both car rental companies,
i.e., “car-sharing” [20], as well as city bike and electric scooter rentals [21].

Alternative means of transport, such as bicycles or electric scooters, are often a more
advantageous option as they enable users to avoid both downtime in traffic jams and
exposure to exhaust emissions [22,23]. The development of bicycle paths, intersections
with dedicated bicycle lights, as well as the possibility of renting bicycles and scooters, may
help popularize these modes of urban mobility [4,24].

However, micromobility devices are not completely indifferent to human safety and
health [19]. Users of e-scooters are exposed to increased vibrations while driving, caused by
changes in speed, device structure, road surface [25-27]. Constrained riding environments
are also conducive to accidents involving e-scooters [28]. Therefore, micromobility devices
should be properly and rationally used in order to fulfil their function.

There are many tools available to measure the quality of transport, e-services, and
shared mobility services, which are presented in Table 1. However, no specific mechanism
has been designed for vehicles in the field of shared e-scooters. The literature only includes
examples of customer satisfaction and loyalty surveys, or studies of limited detail and
complexity. The research conducted by the authors fills this gap. The aim of the article
is to verify whether the three dimensions identified by the authors—mobile application
functions, device features, and customer service—are valid for examining the quality of
shared e-micromobility factors in the example of e-scooters. Confirmatory factor analysis
was used to verify the proposed model. The method of model verification consisted of
two stages. First, it was checked whether the identified dimensions were correctly described
by observable variables. In the second step, it was verified, by introducing a second-order
factor, whether the dimensions correctly described the quality of the service provided.
Based on the obtained results, the authors created the MMQUAL (MicroMobility QUALity)
model, which accurately described the quality of the studied phenomenon. The advantage
of the MMQual model is the adaptation of the proposed quality assessment system, based
on three dimensions, to the e-scooter sharing service. The results of the study can serve
as a platform for researchers interested in further exploring the issue and improving the
proposed model. They may also be of commercial value to operators, who could use this
tool to boost the competitiveness of their services by enhancing those features that have the
greatest impact on their quality.
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2. Electric Scooters as an Element of a Sustainable Smart Mobility System

One sustainable form of individual transport is the electric scooter, which is used in
dense urban environments, such as in small and narrow streets, and also helps reduce
parking problems in cities [29]. They include such features as GPS and smartphone tech-
nology [30,31]. Vehicles of this type can be unblocked using a special application, and on
completion of a journey can be left anywhere in the area designated by the operator [32].
E-scooters are small, one-person electric vehicles that fall within the category of micro-
mobility [32,33], which also includes various light, individual vehicles such as e-bikes,
skateboards and unicycles [34,35], segways, and the aforementioned e-scooters [32].

E-scooters are a flexible form of urban transport that are especially suitable for short-
distance travel. Their light structure and their ability to manoeuvre around different spaces
are a great advantage and make them a viable solution to a number of problems connected
with travel in towns and cities [24]. They also have great potential for reducing congestion
in urban areas [20]. They are used primarily over short distances [36].

While e-scooters have been around for many years, the possibility of renting them
is a new trend. The first electric scooter rentals were launched by Bird in Santa Monica,
USA in 2017 [33]. Since then, companies such as Bird, Lime, Bolt, and Lyft have been
operating in many cities around the world [2,5,37]. At the end of 2019, e-scooter sharing
was available in almost three hundred urban centres [24], including in such major European
cities as Paris [38], Madrid, Vienna [39], Brussels [40], Berlin, and Stockholm [5], as well
as in New Zealand [41] and Australia [42]. Nowadays, most cities in Poland also include
electric scooter rental systems [4]. Every year, electric scooters are becoming more and more
popular [41,43]. The use of shared scooters has emerged as a popular means of transport,
especially among young people [39]. The popularity of the concept of shared mobility may
be a consequence of both changes in consumer behaviour—a departure from the ownership
model—and increased availability of this mode of transport in urban space [44].

Electrically powered scooters have conquered cities around the world as an alternative
to cars, with the potential to reduce urban traffic [37,45,46], noise, and environmental
pollution [37,47].

In the literature on the subject, micro-vehicles, including e-scooters, are often described
as a new sustainable way of travelling, characterized by low costs and a low negative
environmental impact [24].

Electric scooters have undoubtedly taken off in urban areas as a form of individual
mobility, and compete in this respect with other modes of transport. However, their impact
on the environment has not yet received much attention in the literature, especially in
terms of academic research. While some studies support e-scooters as an environmentally
friendly solution for congested cities, [48] others report conflicting findings and highlight
safety concerns. More and more studies have revealed that, contrary to initial expectations,
the sharing of electric scooters may have adverse effects on the environment [24,38,40,49].

Two analytical approaches have been applied in this area. The former compares the en-
vironmental impact of shared e-scooters with other modes of transport. The latter approach
assesses which aspects of the e-scooter life cycle are most harmful to the environment and
identifies potential areas for improvement. Considering the first aspect, e-scooter sharing
is often recommended as an ecological form of transport. In comparison with other modes
of transport E-scooter rentals often advertise e-scooters as an eco-friendly mode of trans-
portation. As electric vehicles, electric scooters do not emit exhaust fumes, unlike modes
of transport powered by combustion engines. However, considering only the exhaust
emissions may be wrong. The entire life cycle and its effects must be taken into account
when making such an environmental impact assessment. For such an assessment, the
literature mainly uses the LCA life cycle assessment method to calculate the environmental
performance of shared scooters “from the cradle to the grave”. A number of impacts were
assessed, including acidification, eutrophication, the scarcity of constituent materials, and
the effect on global warming. This type of analysis provided the basis for estimating the
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carbon footprint of a passenger in the form of CO, emissions for a particular distance
travelled [24].

American scientists from North Carolina State University were among the first to notice
that shared e-scooters emit more greenhouse gases per mile than traveling by bus, bicycle,
moped, or foot [49]. Similar research in Europe has confirmed that currently shared e-
scooters have a higher carbon footprint than most alternative means of transport [24,38,40].

In turn, research in Paris showed that shared e-scooters emit significantly lower
greenhouse gas emissions than private cars and taxis, and slightly less than private mopeds
and public buses. However, they have higher emissions than shared bicycles or shared
mopeds, trams, local high-speed trains, and metro trains [38]. The impact of shared e-
scooters on emissions is largely dependent on the type of trips made with them.

Another interesting observation of researchers is the influence that an e-scooter’s
properties have on its life cycle and emissivity. Private e-scooters have a longer lifespan
and hence a lower negative impact on the environment than shared e-scooters. According
to these researchers, private machines are treated better and are less exposed to vandalism.
On the other hand, shared electric scooters generate significant additional effects resulting
from the collection and distribution of such vehicles [40].

Another positive environmental benefit is the fact that some owners of private electric
scooters decide to buy their own equipment after using shared e-scooters [24,38,40].

The issue of shared electric mobility in the subject literature has been analysed in
many respects and from many different perspectives [50]. Besides the environmental
aspects noted above, the most frequently discussed issues are costs [51], safety [52,53],
parking [53], the fleet, types of power supply, and the systems with which such vehicles are
equipped [8,54], as well as infrastructure and patterns of use [51]. However, no studies have
been conducted aimed at assessing the quality of e-scooter sharing services. The subject
literature includes surveys of user satisfaction and loyalty, as well as analyses of quality
in a general sense, as one of a number of different factors. If e-scooters are to become a
widely used mode of transport and permanently replace existing means of transport, users
must be satisfied, loyal, and benefit from a high quality service [55]. As a consequence, the
authors noticed a research gap, the filling of which would enable researchers to identify
one of the key determinants of shared e-scooter use.

3. Service Quality Measurement
3.1. Generic Models of Service Quality

One of the first models for assessing service quality was developed by Gronroos [56], who
defined quality management as reducing the distance between the experienced quality and the
expected quality with the aim of increasing customer satisfaction. Based on this disconfirmatory
model, Parasuraman, Zeithaml & Berry [57] proposed one of the most widely used SERVQUAL
quality assessment models, encompassing 5 dimensions and 22 measurable variables. A slightly
different approach was adopted by Cronin and Taylor [58], who, using only experienced quality
as their guide, proposed the SERVPERF (service performance) model. They criticized the
SERVQUAL model for measuring satisfaction and attitudes rather than the actual quality of
service, albeit while continuing themselves to use the measurable variables and dimensions of
the criticized model. Although the disconfirmatory models and the SERVPERF model were
widely applied, researchers quickly observed that the design of the models did not suit some
service sectors, and began to look for more universal models [59]. It was thus that hierarchical
models first came to be developed, the first of which was proposed by Dabholkar [60], while
the most widely recognized and empirically confirmed model was that devised by Brady and
Cronin [61], which constituted a combination of many previous models and made it possible to
adjust the variables to the specificity of the industry.

3.2. Industry-Specific Models of Service Quality

Despite the development of the abovementioned generic models, some researchers
still claimed that they could not be applied in certain industries. As a consequence, they
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embraced the idea of developing industry-specific models [62]. Over the last two decades,
a large number of these models have been created, examples of which can be found in
Ghotbabadi et al. [59], while in this publication the authors quote models formulated for
those sectors making up shared micromobility services:

Public transport services as a core service;
E-services as a platform for pre- and post-purchase phases;
Service quality in a sharing economy measured as a specific combination of traditional
and electronic services;
e  Shared transport services as a specific dimension of sharing economy services.

The dependencies between the above-mentioned applications are illustrated in Figure 1.

Service Quality

I

v v

Traditional Service

e-Service Quality

Quality
Y L 4 Y \ 4
Other Traditional Transport Service Sharing Economy Other e-Services
Services Quality Quality Service Quality Quality
A A 7 ) 4

Shared Transport Other Sharing

Service Quality Economy Services
Quality
Y A 4
Other Shared Shared
Transport Services Micromobility
Quality Service Quality

Figure 1. Shared micromobility in services—a typology.

One of the first studies of quality assessment in transport was undertaken by
Wen C.H. et al. [63], who, wanting to examine the determinants of customer loyalty in
bus services, focused largely on modelling quality assessments of this type of service in
Taiwan. Similar research regarding bus transportation services was carried out by Hu and
Jen [64], who proposed and tested their own quality assessment scale, as well as by Perez
et al. [65], who adapted the dimensions of the “SERVPERF” model and constructed their
own “QUALBUS” scale, and Z Memic¢ et al. [66], who used the SERVQUAL method. In
2010, Prasad and Shekha [67] developed a service quality assessment model for the rail
industry called Railqual, which was based on SERVQUAL’s dimensions but extended to
include three additional dimensions. Randheer et al. [68] suggested a model for assessing
the quality of urban transport, while Bakti & Sumaedi [69] offered a model for paratransit
services. Sénquiz-Diaz, C. investigated the importance of transport infrastructure and
logistic performance using POLS [70] and SEM [71] methods

Shared micromobility services are handled in the pre- and post-purchase phases [72]
by means of mobile applications. It is therefore reasonable to look at evaluation models
for this type of service. E-services can be defined as the electronic provision of services
to customers [73], services delivered via a website [74], as well as operations involving
partially or fully mediated interaction between a service provider and a customer [75].
Since the beginning of the 21st century, many models have been developed for this type
of service, more extensively by Ladhari [72]. The first models for assessing the quality
of this type of service were proposed by Yoo and Donthu [76] regarding a shopping
site. In the following years, many models were devised, especially in the area of e-retail,
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e.g. [77], and website quality, e.g., [78]. More profiled quality models were developed by
Huang et al. [79] for mobile services, Lin & Hseih [80] for self-service technologies (SST), and
Ho & Lee [81] for e-travel services. All of these studies relied on exploratory or confirmatory
factor analysis methods, and what is interesting is that none of them incorporated the
SERVQUAL/SERVPERF dimensions.

Sharing economy services use cloud-based technology to match customers with
providers of such services as short-term apartment rentals, car rides, and household
tasks [82]. During the last decade, many studies assessing the quality of services of this
type have been published, as has been described by Akhmedova et al. [83]. However, in
the present article the authors focus mainly on the quality of sharing economy services
in transport.

Despite the fact that the phenomenon of sharing transport is not new [84], and that
many studies have already been conducted on this topic, quality assessment models
designed strictly for this mode of transport only appeared relatively recently. One of the
first attempts to construct a dedicated quality assessment model for such services was
undertaken by Csonka & Csiszar [85], who came up with their own quality assessment
model based on the compensated multicriteria method. With the rising popularity of
ride-sharing services known as app-taxis, some efforts were undertaken to develop quality
assessment models for the industry, primarily in Asia. These efforts were based entirely on
SERVQUAL dimensions, such as the models prepared by Ghosh [86] and Hamenda [87],
or partially so, as in the case of Banerjee et al. [88] and Dey et al. [89]. As an exception
to models based on SERVQUAL dimensions, a number of studies were based on their
authors’ own original dimensions, such as Silalahi et al. [90] and Shah [91]. Another
sector for which relatively numerous models of service quality assessment have been
developed is bike-sharing. As in the previous case, these include models were based on the
original dimensions of SERVQUAL, such as was the case in Ma et al. [92] or incorporated
modified (renamed) dimensions, such as those developed by Shao, Z et al. [93]. There
are also examples based on original dimensions, such as Maioli et al. [94] and Zhou &
Zhang [95]. As regards other forms of shared mobility, one noteworthy study is that of
He & Csiszar (2018), in which they modelled the phenomenon of mobility as a service on
the example of autonomous vehicles [96], which 2 years later they tested on a group of
72 students and 12 experts from Budapest University of Technology and Economics [97].
On the other hand, Nagy & Csiszar [98] conducted a review of the literature and proposed
dimensions that correspond to broadly understood passenger urban transport systems.
It is also worth mentioning the model developed by Abdullah et al. [99] for app-based
demand-responsive transit.

To date, no dedicated quality of service assessment model has been constructed for
e-scooter-sharing. The literature only includes examples of customer satisfaction and loy-
alty surveys, or studies of limited detail and complexity. Hamerska et al. [100] investigated
sharing e-scooter service quality and satisfaction using a compilation of SERVQUAL and
Kano methods. They identified the most scarce dimensions in terms of service quality, and
assessed the impact of 19 measurement variables on user satisfaction. Aman et al. [101] anal-
ysed the ratings and comments that users of these devices posted in the mobile application.
The authors considered 12 variables and assessed their impact using logistic regression
analysis. Ratan et al. [102] assessed, using multiple regression, how certain service features
translate into intension of use, thereby making an indirect quality assessment. Popov &
Ravi [55] conducted a broader analysis of the relationship between quality, satisfaction,
loyalty, and several other factors. However, the complexity of this model did not allow for
an in-depth assessment of quality, as this was only measured with 5 variables taken mainly
from the above-described models for bike-sharing services. Finally Cheng et al. [103] exam-
ined satisfaction and dissatisfaction factors using the KANO model. The above-described
models are summarized in Table 1.
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Table 1. Sharing economy service quality models.

Authors Country Scope of Application Dimensions
Csonka & Csiszar [85] Hungary Car-sharing Fle)gbﬂlty, availability, reliability, comfort,
vehicle parameters
Silalahi, Handayani & Munajat [90] Indonesia Ride-sharing Service quality, information quality, system quality
Ghosh [86] Bangladesh Ride-sharing Assurar}ce, empathy,.re.:l.lablhty,
responsiveness, tangibility
Hamenda [87] Indonesia Ride-sharing Assuran.ce, empathy,.re.l.lablhty,
responsiveness, tangibility
He & Csiszér [96] Hungary Autonomous vehicle Speciality, availability, accessibility, information, time,
user care, comfort
Ma, Shi, Yuen, Sun, & Guo [92] China Bike-sharing Assurar}ce, empathy,‘re‘l.lablhty,
responsiveness, tangibility
Maioli, de Carvalho & de Brazil Bike-sharing Tangl}oles, system availability, efficiency,
Medeiros [94] security / privacy
Zhou & Zhang [95] China Bike-sharing Platform, bicycle entity, value
He & Csiszar [97] Hungary Mobility as a service Integration, information, connectivity, comfort

Environmental sustainability, safety, accessibility,
Nagy & Csiszar [98] Hungary Smart mobility reliability and consistency, integration of
micro-mobility, integration of ICT

Banerjee, Saha & Jain [88] India Ride-sharing Assurance, empathy, reliability, responsiveness

Comfort, internal environment, safety and personnel,
mobile convenience and reliability, mobile system

Shah [91] India Ride-sharing efficiency and availability, mobile customer service and
billing, mobile security and privacy
Shao, Li, Guo & Zhang [93] China Bike-sharing Location rehablht}{, prompt response, transaction
assurance, customization, vivid appearance
Abdullah, Ah’. Shah, Javid & Pakistan Demand-responsive transit Not defined
Campisi [99]
Dey, Salam & Saha [89] Bangladesh Ride-sharing Assurance, empathy

Tangibles, reliability, responsiveness,

Hamerska, Ziotko & Stawiarski [100] Poland E-scooter-sharing assutance, empathy
Aman, Smith-Colin, & Zhang [101] USA E-scooter-sharing Not applicable
gaaﬁr];,irElglrlce;,o lgg{;isirzhfé,e C[il(c)a;], USA E-scooter-sharing E::.feu(l)rf1 élssse of app, scooter ease of use, scooter
Popov & Ravi [55] International E-scooter-sharing Not applicable
Cheng, Wu & Xi [103] China E-scooter-sharing Not applicable

4. Materials and Methods

This study aimed to validate a quality assessment model called MMQUAL (MicroMo-
bilityQUALITY) for an electric-scooter-sharing service in Poland. The overall study design
consisted of the 9 steps presented in Figure 2.

A literature review allowed us to identify a research gap and define the quality
dimensions that affect the quality of e-scooter-sharing services:

1.  Mobile application functions;
2. Device features;
3.  Customer service.

The analysed model includes 3 latent and 17 observable variables, which are presented
in Table 2.
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Literature review » [Latentvariables | ] Hypothesis
defining formulating
Data collection P Questionnaire ¢ Measurable variables
D building defining

First order CFA |—>» Second order CFA —>] Hyp chg51s
verification

Figure 2. Stages of creating and verification of the MMQUAL model.

Table 2. Latent and observable variables.

Latent Variable Measurement Variables (Observable)

Intuitive application interface—AP1

User can register an opinion about the used e-scooter—AP2
Mobile application functions—MAF User can order /reserve the device in the application—AP3

Battery level compatible with the application—AP4

Fees charged in accordance with the tariff and time—AP5

Clean and aesthetic appearance—DF1

Ease and convenience of use—DF2

Adequate technical condition—DF3

Charge level of the e-scooter is sufficient for a minimum one hour ride—DF4
Security—DF5

Speed minimum 25 km per hour—DF6

Device features—DF

Easy access to technical service points—CS1
Access to a hotline—CS2

Helpful and patient staff—CS3

Staff with expert knowledge—CS4

Loyalty programmes (discounts)—CS5
Parking in designated zones—CS6

Customer service—CS

The respondents were asked about the quality of the service provided according to
their own experiences based on the characteristics listed in Table 2 and using a scale from
1—"I strongly disagree” to 5—"I definitely agree”.

The data was collected using the CAWI questionnaire shared to micromobility users
forums and university students. The analysis included data that comes from a survey
conducted among 584 users of e-scooter-sharing in Poland. The distribution of the basic
demographic characteristics of the respondents is shown in Table 3.

The last stage of the analysis involved validating the model for assessing the quality
of the e-scooter-sharing service in Poland. All the calculations were made using the
R programme.
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Table 3. Demographic structure of the respondents.

Demographic Variable Category Quantity Percent
Gend Males 303 52%
ender Females 281 48%
Below 18 17 3%
Age 18-30 544 93%
Above 30 23 4%
Primary 6 1%
Education Secondary 397 68%
Tertiary 181 31%

5. Research Results

Confirmatory factor analysis has been recognised as an important analytical tool in
the social and behavioural sciences for many years now. It is one of a number of structural
equation modelling techniques used to investigate causal relations between latent and
observed variables in a priori-specified, theory-derived models [104]. To achieve their
research objective, the authors performed first-order confirmatory factor analysis and
second-order confirmatory factor analysis. For the purposes of the first-order confirmatory
factor analysis, the authors established a measurement model for assessing the quality
of the services provided. This was a first-level model composed of a specific number of
different factors. Using second-order confirmatory factor analysis, a model was created
in which one higher-order factor expressed users’ assessments of overall quality, which
had an impact on the lower-order factors. The analysis was performed according to the
following steps:

1.  First-order confirmatory factor analysis.
Model specification;

Model estimation;

Model evaluation;

Model modification.

2. Second-order confirmatory factor analysis.

e  Model specification;
e Model estimation;
e Model evaluation.

The research procedure is presented on Figure 3.
Confirmatory factor analysis was used to verify the following research hypotheses:

Hypothesis (H1). The customer service dimension has a significant impact on the quality assess-
ment of a scooter-sharing service.

H2. The device features dimension has a significant impact on the quality assessment of a scooter-
sharing service.

H3. The mobile application functions assessment has a significant impact on the quality assessment
of a scooter-sharing service.

H4. The quality of a service can be defined as a second-order factor.

The form of the MMQUAL model implemented in a lavaan R package was as follows:
Model<-*

# Measurement part of the model

MAF = ~AP1 + AP2 + AP3 + AP4 + AP5

DF = ~DF1 + DF2 + DF3 + DF4 + DF5 + DF6

CS=~CS1+CS2+CS3 +CS4+CS5+CS6’
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Figure 3. Research procedure.

For the constructed measurement model, the reliability of the theoretical constructs
was first checked. For this purpose, Cronbach’s alpha was used, which was implemented

in the semTools package (reliability function). The results was as follows:

1.  Mobile application functions (MAF)—0.688;
2. Device features (DF)—0.813;
3.  Customer service (CS)—0.794.

The next step in the analysis was the model estimation. The data used in the analysis

was on the ordinal scale (Likert Scale). Therefore, the DWLS (the diagonally weighted
least squares) estimator was used to estimate the model, which is based on the polychoric
correlation matrix [105]. The laavan package (cfa function) implemented in the R program
was used to perform the calculation.

All the parameters of the first-order confirmatory factor MMQUAL model were signif-
icant at the level of p = 0.05. Figure 4 presents the MMQUAL measurement model.
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Figure 4. MMQUAL model (first-order confirmatory factor analysis).

The estimated model was assessed by means of the fit indices. The following measures
were used for this purpose [106,107]:

The comparative fit index (CFI)—cut off value > 0.9;

The Tucker-Lewis index (TLI)—cut off value > 0.9;

The root mean square error of approximation (RMSEA)—cut off value < 0.08;
The standardized root mean square residual (SRMR)—cut off value < 0.07.
The fit indices for the MMQUAL model reached the following values:

Robust comparative fit index (CFI)—0.992;

Robust Tucker-Lewis index (TLI)—0.991;

Robust root mean square error of approximation—0.092;

Standardized root mean square residual—0.077.

The standardized root mean square residual (SRMR) value was found to be higher
than the cut-off value. That is why the model needed a modification. The modindices function
from the lavaan package was used. As a result of the modification, a correlation between
two observable variables was introduced into the model: helpful and patient staff (CS3)
and staff with expert knowledge (CS4). The rationale for such a modification is the fact that
the indicated observable variables were related to each other, which was not captured in
the latent variable. It should be highlighted that the indicated observable variables were
characterized by variance close to zero (C53—0.034 and C54—0.013). The final structure of
the model was as follows:

Model<-

“# Measurement part of the model

MAF = ~AP1 + AP2 + AP3 + AP4 + AP5

DF = ~DF1 + DF2 + DF3 + DF4 + DF5 + DF6

CS =~CS1+CS2+CS3+CS4+CS5+CS6

CS3 ~~ CS4’ #Cou(CS3, CS4) to be estimated

In the next step, it was checked whether the introduced modification improved the
model fit values. According to the results, all of the fit statistics indicated an acceptable level:
Robust comparative fit index (CFI)—0.995;

Robust Tucker-Lewis index (TLI)—0.994;
Robust root mean square error of approximation—0.076;
Standardized root mean square residual—0.067.

Therefore, the model was considered to have a good fit with the data. The measure-
ment model was presented in Figure 5.
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Figure 5. First-order confirmatory factor analysis—MMQUAL model after modification.

The MMQUAL model featured relatively strong and statistically significant relation-
ships between the latent and observable variables. The most important of the mobile
application functions (MAF) from a descriptive point of view were the: intuitive appli-
cation interface (AP1)—0.671 and fees charged in accordance with the tariff and time
(AP5)—0.659. However, the least significant variable in describing this construct was the
possibility of registering an opinion about an e-scooter used (AP2)—0.380. In the case
of the device features (DF) latent variable, the greatest importance was assigned to the
following observable variables: security (DF5)—0.814 and ease and convenience of use
(DF2)—0.809; and the least importance was assigned to speed minimum 25 km per hour
(DF6)—0.442. In the case of customer service (CS), the most important variable in terms
of its description was access to a hotline (C52)—0.777. Another two observable variables
had similar loadings and were also important variables for describing a customer service
latent variable. They were: helpful and patient staff (CS3)—0.751 and staff with expert
knowledge (CS4)—0.759. The least significant observable variable for customer service was
loyalty programmes (CS5)—0.363.

According to the inventions presented in Figure 3, the correlations between the three
latent variables in the first degree model were high and fell within the range of 0.62 to
0.82. The strongest correlation was between the MAF variable and DF and amounted to
0.82, which means that approximately 67% of the variance of both scales may be regarded
as common. The weakest correlation occurred between the CS and DF variables (0.62),
which means that approximately 38.5% of the variance on both scales may be considered as
common. On the other hand, the correlation between MAF and CS was 0.74, which means
that approximately 55% of the two scales may be regarded as common variance. As was
assumed, all the correlations were positive, which indicates a specific pattern of associations.
The magnitude and direction of the correlation of the first-order factors suggest the presence
of one common (second-order) factor that would explain this situation [108,109].

In connection with the above, the hypothesis was formed that the quality of a service,
in this case the scooter-sharing, can be defined as a second-order factor. This made it
possible to assess whether the quality of the service provided was properly reflected by
three components: mobile application functions (MAF), device features (DF), and customer
service (CS). Therefore, a model was constructed for further analysis, which took into
account the second-order factor. The model was as follows:

Model_SQ<-

“# Measurement part of the model

MAF = ~AP1 + AP2 + AP3 + AP4 + AP5

DF = ~DF1 + DF2 + DF3 + DF4 + DF5 + DF6

CS=~CS1+CS2+CS3+CS54+CS5+CS6
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CS3 ~~ CS4 #Cou(CS3, CS4) to be estimated
5Q = ~MAF + DF + CS #second-order factor’
Figure 6 shows the model estimated by second-order confirmatory factor analysis.

.
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Figure 6. Model MMQUAL (second-order confirmatory factor analysis).
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The structural weights from the second-order service quality assessment factor to the
first-order factors (mobile application functions, device features, and customer service) were
greater than 0.74, which confirms the structural accuracy of the second-order service quality
assessment factor. The most significant path in the model SQ in terms of the assessment
of the quality of the services provided was mobile application functions (MAF)—0.99,
followed by device features (DF)—0.83, and customer service (CS)—0.75.

In the last stage of the research, the hypotheses presented in the paper were verified
as follows:

H1. The dimension of customer service has a significant impact on the quality assessment
of the scooter-sharing service—confirmed.

H2. The dimension of device features has a significant impact on the quality assessment of the
scooter-sharing service—confirmed.

H3. The dimension of mobile application functions has a significant impact on the quality assessment
of the scooter-sharing service—confirmed.

H4. The quality of the service can be defined as a second-order factor—confirmed.

6. Discussion

The MMQUAL model provided a good description of the studied phenomenon and
proved to be an accurate tool for gauging users’ assessments of the quality of shared
mobility. It consists of three dimensions that ensure a comprehensive picture of the areas
that influenced users’ assessments of service quality. The dimension which contributed
most to users’ quality assessments was the functionality of the mobile application, which
confirmed the need to treat this area as distinct from customer service and device features.

Direct customer service had the least impact on the quality ratings given in this survey.
This may be due to the limited need for direct contact due to the specifics of this service, or
because a significant part of the customer service can be provided using the application. The
research conducted in this study may provide a platform for increasingly more extensive
research on both the quality of shared mobility and e-transport services. The model created
for this study could thus serve as a solid basis for the development of evaluation theory in
relation to the quality of e-micromobility services. The research made it possible, to some
extent, to fill the research gap in a relatively new branch of transport from the point of view
of sustainable development, i.e., micromobility sharing services. The proposed model is
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the first attempt at a theoretical approach to evaluating the quality of e-scooter-sharing
services. Replication of this research would help confirm the proposed model and further
develop it. The defined dimensions shaping the quality of the examined service actually
describe the measurement variables that can serve as a tool for assessing quality.

The proposed model was largely determined by the structure of the study population,
which mainly comprised young people. This may explain why, according to the research
results, the one factor that most determined service quality was the mobile application.

When repeating the research, particular attention should be paid to ensure greater
diversification of the research sample. The same method should also be used to study other
means of shared micromobility, e.g., electric bicycles, moped scooters, segways, onewheels.
This would make the proposed model more universal.

Another limitation is the selection of measurement variables. Nevertheless, as the
model explains the e-scooter sharing services issue well, the inclusion or replacement of
some measurement variables may improve the proposed model.

Another interesting approach would be to select individual service providers from the
sample and compare the quality of the services they offer. This would allow the quality
of services offered by individual operators to be assessed and the differences between
them identified. On the other hand, considering the device type may allow researchers to
determine the influence of this factor on comfort and driving stability.

Finally, it is worthwhile to investigate whether the application of the model translates
into higher user loyalty and therefore the economic result of the sharing services operators.

7. Conclusions

The proposed model, including the construction of its latent variables, can be applied
as a tool for assessing the quality of services for e-micromobility operators.

Using this tool could enable researchers to identify and assess the factors that have the
greatest impact on the quality of a tested service, which in turn could allow operators to
better shape their services, adapting them to the requirements and preferences of customers

The model’s application by sharing e-scooters operators could help them gain a com-
petitive advantage by more quickly reaching service maturity within the product lifecycle
concept. It should be taken into consideration that consumer preferences may differ due
to geographic, demographic, and cultural aspects. The proposed model could be applied
to examine these issues and may allow operators to effectively diversify their services
depending on market characteristics. It should be noted that the abovementioned aspects
may change over time; therefore, operators should conduct periodic quality assessment
using the MMQUAL model, which would indirectly evaluate the model.
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