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Abstract: Monitoring hazardous phenomena is a fundamental requirement of disaster risk manage-
ment. Using new geomatic technologies integrated into complex geo information systems represents
an innovative method of strengthening collaboration between stakeholder groups that aim at reduc-
ing the risk of disasters. This paper aimed to investigate the factors of adapting a geomonitoring
information system for landslides in the cross-border area of Hungary, Slovakia, Ukraine, and Roma-
nia; the analysis was carried out in the case of the cross-border project, GeoSES. This study developed
and empirically tested a novel UTAUT model based on the unified theory of acceptance and use
of technology. PL-SEM (partial least-squares structural equation modeling) was used to test the
model’s hypotheses. The data were collected by employing an online questionnaire on a target
group of beneficiaries of the GeoSES project, in which the geomonitoring information system was
proposed as an innovative solution to landslide management and disaster risk reduction. This study’s
importance and added value reside in the theoretical and practical implications of the proposed
model for predicting the beneficiaries’ adaptation of the landslide monitoring system. The results
have shown that the GeoSES project beneficiaries coming from four neighboring nations are willing
to utilize the integrated monitoring systems, which is one of the strengths of the collaborative efforts
focused on mitigating risks and managing disasters in this region.

Keywords: landslide risk monitoring and management; technology adoption behavior; disaster
management; geoinformation technology systems

1. Introduction

Disasters are a permanent threat to sustainable development. Natural and anthro-
pogenic hazards generate numerous losses of life every year, including human and material
damage, all of which directly impact economic and social growth.

According to the IFRC Organization, between 2000 and 2019, more than 11,000 disas-
ters resulted in more than 4.2 million deaths, affecting more than 2.9 billion people, and
causing estimated damages of USD 4.7 trillion. About 80% of the 11,000 disasters that have
been recorded in this database since 2000 happened in the 30 years prior to year 2000, a
trend that is becoming worse [1].

The main factor that generates the increase is climate change, which causes more
frequent extreme natural phenomena and socioeconomic developments determining vul-
nerabilities for populations in some regions. These disasters and emergencies tend to
exceed the level of development and affect the poorest population disproportionately [2].
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Over time, the hazards have changed their pattern, expanded, and became more
frequent, becoming increasingly difficult to predict [3].

Landslides provide a significant threat in most hilly regions, as well as coastal and
riverside areas. The study and evaluation of landslide risk is a topic that has lately received
much attention in the specialized literature [4,5]. This phenomenon’s study approaches
cover a wide range of methods and assumptions. For example, to assess the risk of land-
slides, it is required to understand the spatial and temporal probability of the phenomenon’s
occurrence or the susceptibility of a region to the occurrence of landslides [6–8].

Regardless of the way the studies are approached, most of their results support
the need for effective risk reduction and management solutions; several studies [9–11]
demonstrate that risk management is essential for forming the link between all elements
and entities in the disaster management system, to develop disaster mitigation tools based
on prevention and intervention strategies, the transfer and mutual exchange of knowledge,
education, and decision-making techniques [12].

Programs the European Union funds set up allow different groups to access them and
run projects that help with disaster management [13].

The project extension of the operational Space Emergency System in the Hu-Sk-Ro-
Ua cross-border region, GeoSES, had as its final goal the geomonitoring of natural and
anthropogenic processes in the cross-border territory to prevent emergencies. Within the
project, an integrated geomonitoring system (GeoSES-MS) was developed [14]. The system
consists of a WebGIS portal and a mobile application that can be used by the project’s
beneficiaries and stakeholders to give current information on risk circumstances in the
research region and to serve as a potent emergency decision-making tool.

Although most projects targeted at disaster monitoring have excellent and effective
results and products, few studies and little research reflect the beneficiaries’ views regarding
the impact of using the products and technologies developed that lower the risk of disasters.

Theories and models of adapting new technologies support the development of an
acceptable theoretical and experimental framework for demonstrating the appropriate
application of technologies and systems. Ease of use may be a necessary but insufficient
criterion for beneficiaries to recognize an innovative solution [15–17].

This study addresses this gap by influencing the intention to use geomonitoring
information systems.

This study’s novelty, originality, and added value reside in developing a tailored and
agile model containing factors of significant relevance for adapting geomonitoring systems
for landslides.

This study developed a novel model for adapting the GeoSES geomonitoring system
and subsequently tested it, intending to adjust its technical performance on time. The model
proposed by the authors is based on the unified theory of acceptance and use of technology
(UTAUT). In addition, PL-SEM (partial least-squares structural equation modeling) was
used to test the model’s hypotheses.

The model is a valuable tool to capture feedback from beneficiaries and make early
adjustments to any misfunction of the system, as coordination and accuracy of the system’s
working are essential requirements. Investigating user behavior regarding the acceptance
of a new information system has a significant role in evaluating and improving technology
in any sector, even more so as this system becomes a means of preventing emergencies.

This article provides scientists and practitioners with a framework for understand-
ing the factors determining the implementation of an information system for landslide
monitoring actions and projects.

The flow of the organization of this paper is as follows.
The paper’s objectives and research gap are outlined in the introduction, which is a syn-

thesis of the whole study. The introduction provides a more comprehensive understanding
of the problem and expected outcomes. Next, the main theoretical concepts and literature
will be discussed to create an adequate framework for the foundation of the proposed
analysis model. The empirical study that continues is demonstrating a case study, with the
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description of the geomonitoring system. It is followed by relevant discussions highlight-
ing the novelty of the proposed approach. Finally, compelling conclusions emphasize the
contribution and added value brought by the study to this area of knowledge.

2. Theoretical Framework and Literature Review

Risk is a human and cultural perspective. Consequently, its conceptualization and
estimation should be conducted within a risk-benefit analysis and decision-making pro-
cess to consider vulnerability and technical and socioeconomic details, and the physical
component. The risk of landslides is the potential harm to elements in danger. A dis-
aster is a calamity in which harmfulness surpasses the local capability for recovery and
necessitates external involvement. When landslides occur, several societal components
(people, buildings, economic activity, public services, utility networks) are at risk of being
impacted [18].

The basic equation for most disaster research over the past two decades was first
published in Blaikie et al. (1994). It was formulated as:

DR = H · V (1)

where disaster risk (DR) is a consequence not just of a hazard (H), but also of the vulnera-
bility (V) of the impact region [19].

As event losses continued, the DRR research community had to demonstrate the
relevance of studies to the community, meaning that it is more convergent and balanced.
The emergence of disaster science, the new technologies used in risk management, the
sophistication of social interactions, and the growth of collaborations among specialists
and factors involved in disaster risk reduction demand more interaction between the DRR
community and the policy studies community.

Olson et al. (2020) [20] propose an equation-based bridging effort to promote more
coherent and expanded participation:

EmR/DR/CatR = H + Ex · V, (2)

where emergency risk (EmR), disaster (DR) or catastrophe (CatR) is caused by a commu-
nity’s hazard or hazards (H), as well as its human and asset exposures (Ex) to such dangers,
as well as the vulnerabilities (V) of those risks.

Hurlbert et al. (2019) argue that to the extent the risk cannot be avoided, the only
alternative is implementing a risk management strategy. Risk management aims to reduce
the impact of disasters, including lowering the risk of human life, property damage, and
environmental degradation. The first step in these solutions is determining and evaluating
the hazards involved [21].

Wachinger et al. (2013) state that risk management is an administrative responsibility
involving adherence to statutory, regulatory, and economic requirements. When faced with
a disaster, most people act primarily on their subjective perception of the risk, rather than
considering objective actions [22].

According to Chang et al. (2018) [23], the integration of the subsystems with evidence
of the component modules and the interaction between them is a significant contribution
to the implementation of such a complex system. The latter is an integrative system of
mathematical, simulation, and control models for assessing environmental risk, natural
disasters (floods, landslides, drought, etc.), and their consequences. These elements lead
to [24]:

X The development of an early warning system for the occurrence of natural disasters,
and a system in internet technology intended for the management of information on
the evolution of disruptive factors;

X The development of an expert system for risk management;
X The development of pilot systems for managing and disseminating information

regarding the population’s safety.
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Geo information and remote sensing are suitable tools for improving operational
strategies for natural hazard prevention and assisting disaster-focused research and opera-
tions. Advanced Earth observation techniques and geomatics technologies are essential to
studying natural risks and associated disasters [25].

Geomonitoring is a structured research activity that entails gathering and evaluating
data and information using specific instruments. In disaster risk management, the use of
Earth observation (EO) products and geo-information systems (GIS) has become integrated
and effective [26].

Hazard and risk assessments are conducted at several analysis levels, ranging from
global to local. Each of these levels has its inventory objectives and spatial data needs for
dangers, environmental data, triggers, and elements at risk.

Using spatial data to analyze and model various hazards is one of the most useful
geoinformatics applications in hazard monitoring [27].

The response time of all factors coordinating rescue operations is a critical criterion
for the success of disaster management. Because of this, it is necessary to use information
systems, and all parties involved must be willing to accept and use them [28].

Examining user activities to determine the acceptance of a new information system
is crucial in evaluating and building a superior information system for usage in any
industry [29].

Several earlier studies [30–32] utilized information system models and employed vari-
ous instruments to determine the acceptance and improvement of the tested application’s
technology. Various researchers [33–36] have focused on different technology acceptance
models and incorporated one or two dependent or independent variables and/or moderat-
ing variables that affect the intention to use technology determinants. The latter concludes
with the factors that influence technology adaptation in various contexts. The theory of
planned behavior (TPB), technology acceptance model versions 1, 2, and 3, the theory
of reasoned action (TRA), the diffusion of innovation theory, and the unified theory of
acceptance and use of technology (UTAUT) are the most well-known theories and models
that have been widely accepted and applied to explain technology acceptance.

There are several differences between the theory of planned behavior (TPB), theory of
reasoned action (TRA), unified theory of acceptance and use of technology (UTAUT), and
technology acceptance model (TAM) models in terms of:

1. Focus: TPB and TRA models focus on the behavior of individuals, the diffusion
of innovation theory focuses on the different stages of technology adoption, while
UTAUT and TAM models focus on the acceptance and use of technology.

2. Variables: TPB and TRA models consider three variables: attitude, subjective norm,
and perceived behavioral control. The TAM model considers two variables: perceived
usefulness and perceived ease of use, while UTAUT has some distinctive features,
but also some advantages. UTAUT is a comprehensive model that explores several
factors influencing user adoption of technology, including performance expectancy,
effort expectancy, social influence, as well as facilitating conditions.

3. Individual vs. social factors: TPB and TRA models primarily focus on individual
factors while UTAUT and TAM models also integrate social factors such as social
influence and facilitating conditions

4. Complex moderating and mediating effects: UTAUT is known for the complex mod-
erating effects arising from the interplay of its four core constructs. It is difficult to
predict the behavior of end users without considering factors related to the technology,
the organization, and the social context in which the user is situated.

5. Applicability: TPB and TRA models can be applied to a wide range of behaviors,
including technology-based behaviors. UTAUT and TAM models are more specifically
targeted toward understanding the adoption and use of technology.

6. Contextual differences: TAM is more suitable for investigating user acceptance of tech-
nology in a controlled environment, while UTAUT is more appropriate for examining
technology adoption in a real-world context.



Land 2023, 12, 752 5 of 21

In summary, while TPB and TRA models consider individual-level factors to predict
behavior, UTAUT and TAM models, on the other hand, attempt to provide a comprehensive
framework that integrates both individual and social factors. UTAUT and TAM models
are both useful for examining technology adoption, usage, and other technology-related
behaviors while taking both individual and social factors into account.

While UTAUT is a powerful model, its application should be evaluated based on the
specific research question and context at hand. Researchers should choose the model that
best fits their research question and objectives.

In this study, a modified UTAUT model was used. The UTAUT model aims to assess
the users’ intention to implement technology [37]. However, numerous studies dispute
the original theory’s underlying components. Various research studies have identified the
model’s single subject, such as community or organization, person, or age range, as its
most significant limitation. Despite criticism of the UTAUT model, it can be successfully
used for technological adoption prediction.

UTAUT outperforms all other models using the same data, explaining more than 70%
of the variance in behavioral intention and more than 50% in technology use [38]. Prior
research has validated the UTAUT model’s applicability in the geomatics sciences [39,40].

3. Materials and Methods
3.1. Overview of the Case Study

The border area between Romania, Hungary, Slovakia, and Ukraine is prone to land-
slides [41–43]. This new setting, in which human society’s global impact on the environment
is crucial at the local and cross-border level, requires adapting technical and informational
systems for disaster management and thus, cross-border initiatives are valuable instruments
for development of projects aimed at examining and monitoring options for landslides [13].

The research on monitoring landslides was performed within the framework of the
GeoSES project [41,43,44]. Within the project, an integrated geomonitoring system of
landslides in this area was developed. Based on the deformation history of the persistent
scatterers, areas with significant subsidence or deformations were identified. An inventory
of around 120 locations was carried out [44]. In order to fulfill the requirements of the
project, six Romanian locations, four Ukrainian locations, and two Slovakian locations
were selected [44]. The study area is presented in Figure 1. The centers of the monitored
locations in Romania and Ukraine are marked with yellow pointers.
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By structuring natural disaster geodatabases and developing a WebGIS portal, the
research findings of GeoSES project were able to validate early impact models and aid in
disaster management.

The integrated geomonitoring system is a valuable result of the GeoSES project and
enables a quality and long-term connection between the project partners, beneficiary
authorities/stakeholders.

3.2. Development of the Integrated GeoSES Monitoring System

The scheme of the integrated landslide monitoring system in the Hu-Sk-Ro-Ua cross-
border area is presented in Figure 2.
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A satellite-based radar imagery was collected by Hungarian partners from various
satellite missions to determine the deformation regime of the focus area over the past
decade. For this purpose, we used VV-polarized, IW-acquisition mode complex SAR
images from the Sentinel-1 mission, namely Sentinel-1A and B (S1AB) satellites of the
ESA Copernicus Earth Observation program. For the 2019–2020 preprocessing period,
available SAR imagery was accessed through the Alaska Satellite Facility, and the associated
precise orbit data were through Sentinel-1 Quality Control [42]. During the course of this
activity, the InSAR technique was used to conduct a general radar survey of the entire
Hu-Sk-Ro-Ua region, focusing on existing or abandoned mining areas, deposits, and dams
to detect endangered spots. The processing procedure, namely the persistent scatterer
interferometry (PSInSAR), was performed. The derived phase unwrapped differential
interferograms were analyzed using the GAMMA interferometric point target analysis
(IPTA) procedure. The satellite-specific line-of-sight displacements were derived from the
unwrapped differential, as well as post-processing steps associated with the phase terms
described above. Interferometric synthetic aperture radar processing was carried out on
the common border sections, focusing on the active mass movement areas defined by the
project partners. It highlighted the recurrent karstic deformation caused by the abandoned
salt mines in the sample area, which indicates significant surface changes with a satellite
line-of-sight deformation rate of ~3 cm/yr in the vicinity of the developed sinkholes.
Further studies of deformations of the Earth’s surface in the studied area are shown in [42].
Similar monitoring studies take the study of nature to a new level environment and will
increase every year the scientific value of the obtained material.
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Based on the deformation history of the persistent scatterers, areas with significant
subsidence or deformations were identified. This phase led to an important output, i.e., the
development of the database that involved the available radar imagery of the Hu-Sk-Ro-Ua
area. These datasets (raw and preprocessed) were made available to project partners and
other institutions in the eligible area for further analysis (Figure 2).

Next, four cycles of measurement were performed, each through geodetic/geographic
methods and techniques (GNSS—global navigation satellite systems; TLS—terrestrial laser
scanning; ALS—aerial laser scanning; UAV—unmanned aerial vehicle; high-precision
leveling). In the resolution of high-precision leveling, the custom error of graduation
plotting did not exceed ± 0.007 mm, and the errors of the leveling rod scale were not
bigger than 1.2 ppm [45]. UAV photogrammetry can provide spatial resolution up to
(1.25 cm/pixel) orthomosaics and digital models. Angular sampling resolution for the
commercial TLS systems, which can be considered fine resolution scanners in terms of both
sampling interval and beamwidth, was between 5 and 10 mm/at 50 m [46,47].

The results and information were collected into a central database. The importance of
this integrated geoinformation system is that it allows, on the one hand, the configuration
of a GIS, and on the other hand, the development of risk maps [41].

The development of risk maps with monitoring results enables the timely implemen-
tation of measures aimed at the localization of dangerous phenomena and preventing their
progressing negative development (Figure 3).
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The next step in the configuration of the GeoSES monitoring system was to design
the deformation measurements database—SQL/NoSQL-Client Site Software Interface by
TUCN(RO-partner), the server-side software, client-side software development (municipal
and local authorities/self-governments).

The final step was server-side software development (WebGIS portal) and mobile
application and development of field data collection (Figure 4).
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The GeoSES monitoring system was installed in a timely manner, and subsequently,
training workshops and educational seminars were conducted for the system’s beneficiaries.

3.3. Research Model and Development of Research Hypotheses

To test and evaluate the factors contributing to implementing the GeoSES monitoring
system presented in the previous section, we developed a new model based on the UTAUT
theory. Its novelty relies on the elimination of constraints of the original model. They are
related to altering model variables such as age, gender, or belonging to a specific entity.

The proposed model is a particularization of the UTAUT model. It uses factors
found in the specialized literature to conduct the analysis, but adapted to the profile,
needs, and expectations of users in the target group; i.e., testing users from 4 different
countries. The model’s variables are based on constructs that define representative factors
for the monitoring system within the analyzed project. Figure 5 illustrates the proposed
conceptual model.
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The overview of the description and the literature related to the factors of the proposed
model can be found below, together with the formulation of research hypotheses. Table 1
presents the constructs and the corresponding references.

Performance Expectancy (PE)
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Performance expectancy is the degree to which users believe that using the system will
assist them in achieving higher work performance [48]. Edelhauser and Lupu-Dima (2020)
show that physical education directly impacts the intention to use information systems [49].
Wu et al. (2010) have demonstrated that performance expectancy significantly influences
people’s computer system use [50]. Hoque and Sorwar (2017) discovered that PE is one
of the significant behavioral drivers of users’ willingness to embrace informational sys-
tems [51].

The expectations of GeoSES-MS users are related to the precision and accuracy of the
information obtained through the system, the expectancy and effectiveness of the system
in the event of a threat, the utility of the system for the authorities, and the guarantee of
increased productivity in the event of a threat, as measured by a reduction in the time
required to make a decision.

Keeping this in mind, the following hypothesis was formulated:

H1 : Performance expectancy (PE) is positively correlated with the intention to use the GeoSES
monitoring system.

Perceived Effort of Use (PEU)

Before using an information system, users typically consider the required effort. PEU
is described as “the level of usability associated with a system” [52].

Users are more responsive and linked to technologies that are convenient and straight-
forward to employ [53]. The ease of access to technology tends to encourage consumers,
making them very likely to adopt it [54]. The perception of users regarding the efforts
associated with the use of technology and the benefits to customers varies based on the
group’s typology and participation in a certain collectivity [55].

In the instance of GeoSES-MS, the objective is the ease with which users can access the
information system, the ease with which they gain system-related knowledge, or the ease
with which they can communicate via the system.

Keeping this in mind, the following hypothesis was formulated:

H2: Perceived effort of use (PEU) is positively correlated with intention to use the GeoSES monitor-
ing system.

Informational Characteristics Requirement (IRC)

The views and perspectives of users are profoundly dynamic. Adopting new informa-
tion technologies through information systems is frequently considerably influenced by
specific features that they must possess in order to be successfully accepted by users [56].

Predictability, integration, the provision of multipurpose solutions, and the perceived
popularity of new technology are the most significant characteristics of the basis of a
functioning information system.

The GeoSES monitoring system is a system that combines geo-informational technolo-
gies with GIS technologies and web technologies to give users an integrated system of
geo-informatics data. It is a modern, agile framework that creates interdisciplinary support
for analysis, modeling, aggregation, fusion, and communication that is powered by timely,
high-quality geospatial data [56].

This system can provide adequate implementation support and sustainable monitoring
for a region.

The perceived quality of the information is due to the outputs of the field measure-
ments, which were performed through geodetic/geographic methods and techniques
(GNSS—global navigation satellite systems, TLS—terrestrial laser scanning, ALS—aerial
laser scanning, UAV—unmanned aerial vehicle, and high-precision leveling). Thus, a study
of karst manifestations in the project’s area was carried out with a comparison of the impact
of destructive processes for 2010–2021, but it is advisable to conduct additional studies that
will help to investigate in more detail the processes of karst formation in time.

Therefore, the following hypothesis was postulated:
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H3: Informational characteristics requirement (IRC) is positively correlated with intention to use
the GeoSES monitoring system.

Education in Disaster Risk Reduction (EDRR)

This component was adapted from the original model’s facilitating condition. It
refers to the organizational and technical infrastructure required to support the system’s
operation [36].

Several authors [57,58] include in these activities those pertaining to the development
of human capital regarding the staff’s skills and capacity to exploit new technology. Under
these circumstances, the component of the proposed model suggested in this study is
education in disaster risk reduction (EDRR); it comprises factors connected to staff training,
learning, and improvement, knowledge transfer, and processes directly related to the
assimilation of new technologies and the successful implementation of the IT system.

The following hypothesis was postulated:

H4: Education in disaster risk reduction (EDRR) is positively correlated with the use of the GeoSES
monitoring system.

Use of the GeoSES monitoring system (GMSU)

Intention of use (IU) and actual usage are significantly connected. Numerous studies
show that usage intention predicts actual usage behavior [59–63].

Interestingly, in demonstrating that the intention to use a technology service should
be made while the service is still relatively fresh on the market it was discovered that
behavioral intention is strongly connected with actual use and this established the existence
of an intention–behavior gap among subjects [64,65].

The analysis of this factor within the proposed model is of particular importance, due
to the fact that the GeoSES-MS provides users with real solutions for better and faster mon-
itoring of landslide risk. Due to the risk and uncertainty of the surrounding environment,
the system is in a continuous development, evolution, and interesting dynamic.

Consequently, the following hypothesis was formulated:

H5: Intention of use (IU) is positively correlated with actual usage behavior of GeoSES monitoring
system use (GMSU).

Table 1. Overview of factors of GeoSES model and corresponding references.

Construct References

Performance expectancy (PE) [48–51]
Perceived effort of use (PEU) [52–55]
Informational characteristics requirement (IRC) [24–28]
Education in disaster risk reduction (EDRR) [41,43,57,58]
Intention of use (IU) [59–63]
Use of the GeoSES monitoring system (GMSU) [41,43,44,64,65]

3.4. Analysis of the Model

PLS-SEM (partial least squares-structural equation modeling) was employed to ana-
lyze the hypothesized model.

The SEM technique, which has become popular in the research community for esti-
mating causal linkages by combining statistical data with qualitative causal hypotheses,
was used to assess model hypotheses. In this study, data processing was conducted using
the PLS-SEM method, which is acceptable for smaller sample sizes. The software utilized
was version 4 of SMARTPLS [66].

Each factor of the proposed model was investigated through assumptions regarding
the verification of the correlations between the variables of the model. For this purpose, a
questionnaire has been developed and applied to the target group of GeoSES project.
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The method of sampling in this study was expert sampling. This is a method that
involves selecting a sample of individuals who are considered to be experts in a given field
or domain. Some advantages of expert sampling are:

X Higher-quality data: because experts are often highly knowledgeable and experienced
in their field, they are likely to provide more accurate and reliable data;

X Time efficiency: expert sampling can be more efficient than other sampling meth-
ods because it allows researchers to quickly identify and target people who have
specialized knowledge and experience;

X Cost savings: if experts are local or can be reached remotely, then the costs associated
with travel and site visits can be minimized;

X Reduced sample size: expert sampling can be especially useful when dealing with
limited resources because it allows researchers to obtain a smaller sample size than
other methods without sacrificing quality.

Overall, expert sampling can be a powerful tool for researchers looking to collect
high-quality data quickly and efficiently.

Due to the specificity of the project and the objectives of the study, the target group was
chosen from experts and specialists who are directly involved in the disaster monitoring
processes in the regions where the research was carried out (users who are representa-
tives of organizations in the study region and who are decision-makers or specialists
in emergencies).

In this sense, 120 specialists from the 4 countries of the project were questioned.
The online distribution of 120 questionnaires resulted in 116 valid responses. Notably,

70 respondents participated throughout the project in information and training workshops
organized by the project partners. The remaining respondents were informed of this system
through the project’s training seminars.

3.4.1. Measurement Scales

The questionnaire consisted of 20 questions. These questions were rated using a
5-point Likert scale (1 = strongly disagree, 5 = strongly agree).

Each question or item was coded in order to facilitate the study. The questionnaire’s
coded items are also shown in Table 2.

The survey and data collection was conducted between October and December of 2022.
The analysis aimed to discover cause–effect correlations between the model’s constructs.
The internal model, also known as the structural model, illustrates the links between

the examined constructs. Outer or measurement models are employed to evaluate the
relationship between indicator variables and the corresponding construct.

3.4.2. Testing for Reliability and Validity

In PLS-SEM analysis, an indicator’s reliability may be determined by its loadings,
which are empirically determined to be more than 0.7. Based on the widely accepted
Cronbach’s coefficient > 0.7, the internal consistency reliability of the model was evaluated.
Composite reliability (CR) is another indicator that the PLS-SEM method uses to assess the
internal consistency reliability of constructs. Next, convergent validity assesses the degree
of correlation between one and more observable variables within a given concept. The
extracted average variance (AVE) of measured constructs should be checked for convergent
validity. According to Zeng et al. (2021) [67], the minimum acceptable AVE value in SEM-
based research varies from 0.36 to 0.5, with all constructs in our model having AVE above
this threshold (Table 3).
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Table 2. Questionnaire regarding the beneficiaries’ perception of the use of GeoSES-MS.

Performance Expectancy (PE-4 Items)

PE1—The GeoSES monitoring system enhances the precision and responsiveness of emergency
management teams
PE2—In the phase of disaster response, the GeoSES monitoring system can enhance efficacy
and efficiency.
PE3—The authorities and rescue organizations will find the GeoSES monitoring system valuable.
PE4—The GeoSES monitoring system helps increase the efficiency of emergency
management teams.

Perceived Effort of Use (PEU-3 items)

PEU1—The monitoring system for GeoSES is user-friendly.
PEU2—The GeoSES monitoring system’s data improve effective knowledge acquisition.
PEU3—Your communications with the GeoSES monitoring system will be straightforward and
easily understood.

Information Requirement Characteristics (IRC-4 items)

IRC1—Information provided by GeoSES monitoring system can be used for the prediction of
real-time disaster information.
IRC2—Integrated information can be accessed from GeoSES project participants through the
WebGIS platform.
IRC3—Better decisions can be made by accessing GeoSES WebGIS portal.
IRC4—Information provided by GeoSES monitoring can be analyzed by large groups of users.

Education in Disaster Risk Reduction (EDRR-3 items)

EDRR 1—The GeoSES monitoring system is relevant to disaster risk knowledge involving
rescue operation.
EDRR 2—The GeoSES monitoring system is important for disaster risk knowledge as a
partially/fully disaster management organization.
EDRR 3—The GeoSES monitoring system is appropriate for disaster risk knowledge due to its
outputs like hazard risk maps.

Intention of Use (IU-3 items)

IU1—It is prudent to adopt the GeoSES monitoring system for landslide disaster risk.
IU2—Our organization is aided by the GeoSES monitoring system in terms of saving lives
and property.
IU3—GeoSES monitoring system is an effective disaster mitigation tool for our community.

GeoSES Monitoring System Use (GMSU-3 items)

GMSU 1—Using the GeoSES monitoring system helps us in making decisions.
GMSU 2—If we obtain the GeoSES monitoring system, we will use it to plan rescue efforts.
GMSU 3—Using the GeoSES monitoring system enables us to strengthen interaction with all
stakeholders in the cross-border region to prevent emergency scenarios.

Table 3. Indicators of reliability and validity.

Constructs Cronbach’s α
Composite Reliability

(CR)
Average Variance
Extracted (AVE)

IU 0.776 0.774 0.707
PE 0.857 0.860 0.721

EDRR 0.577 0.756 0.698
PEU 0.854 0.844 0.732
IRC 0.925 0.912 0.894

GMSU 0.761 0.745 0.683

Both reliability and validity analyses were undertaken to see if the questionnaire items
were appropriate for the study’s objectives. The reliability of the scale was also assessed for
each item. All six proposed model constructs had Cronbach’s alpha values greater than 0.7,
indicating strong internal consistency.



Land 2023, 12, 752 13 of 21

Composite reliabilities (CR) and average variance extracted (AVE) were explored after
a t-test for factor loadings, confirming the convergent validity of the factors. The measure
should have a stronger association with all others representing the same larger construct for
discriminant validity. With acceptable discriminant validity, the average variance extracted
(AVE) should be greater than the variance shared with other constructs [60,63].

Cronbach’s alpha, composite reliability (CR), and average variance extracted (AVE) of
the variables are presented in Table 3.

The measurement of the model indicates that the AVEs fall between 0.683 and 0.894;
however, the cross-loading matrix indicates that the item loading between 0.718 and
0.940 exceeds the literature-recommended threshold. The requirements for convergent
validity were thus satisfied. The calculated square root of AVE, provided above (Table 3),
was greater than the equivalent correlation, validating the discriminant data.

3.4.3. Correlations

The diagonal of Table 4 displays the correlation matrix between the components and
the square root of AVE. Therefore, the discriminant validity was reasonable.

Table 4. Matrix of correlations.

IU PE EDRR PEU IRC GMSU

IU 0.818
PE 0.405 0.847
EDRR 0.471 0.478 0.839
PEU 0.437 0.428 0.321 0.785
IRC 0.365 0.242 0.239 0.423 0.817
GMSU 0.469 0.296 0.475 0.299 0.462 0.785

Fornell and Larcker (1981) introduced the conventional metric, comparing each con-
struct’s AVE to the squared inter-construct correlation of that same construct and all other
reflectively assessed constructs in the structural model. All model constructs’ shared
variances should not be greater than their AVEs. In order to minimize multi-collinearity,
the same authors suggest that correlations between all constructs should be less than the
threshold of 0.85 [68–70].

AVE (average variance extracted) was further validated by examining the compos-
ites’ dependability.

As shown in Table 4, all factor loading scores surpassed 0.5, indicating that the assess-
ment items represented the constructs satisfactorily. If the composite reliability and AVE
measures are more significant than the corresponding thresholds of 0.36 and 0.5, we can
assume that the convergent validity of the measurement model is adequate.

3.4.4. Evaluation of Reflective Structures-Discriminate Validity of Measurement Model

The connection between indicators and the underlying concept can either be formative
or reflective.

Observable measurements serve to evaluate latent variables (indicators).
The measurement model describes the relationship between these indicators and the

latent concept.
Measurement models can be either reflective or formative in nature.
In reflective models, the latent variable influences the indicators, whereas the indica-

tors define the latent variable in formative models.
Because the concept is reflected in other indicators with a similar theme, reflective

indicators are interchangeable [71].
As part of the research, the indicator reliability, composite, convergent validity, and

discriminate validity of the reflective constructs were investigated. When an indicator
fails to obtain a value of 0.7 or above, it is simple to eliminate interchangeable reflective
indicators. In exploratory research, at least a 0.4 significance level is acceptable. Similarly,
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at the 0.1% significance level, all loadings of each reflective construct are statistically
significant.

As shown in Table 5, every value of the reflective/latent variables was larger than 0.70.

Table 5. Correlation matrix of reflective/latent variables.

IU PU EDRR PEU IRC GMSU

IU1 0.747
IU2 0.723
IU3 0.744
PE1 0.811
PE2 0.799
PE3 0.802
PE4 0.771
EDRR1 0.731
EDRR2 0.729
EDRR3 0.718
PEU 1 0.788
PEU 2 0.879
PEU 3 0.882
IRC 1 0.815
IRC 2 0.843
IRC 3 0.832
IRC 4 0.811
GMSU1 0.938
GMSU 2 0.940
GMSU 3 0.921

The internal consistency and dependability of reflective constructs were excellent, as
the composite reliability coefficients of each construct even surpassed 0.80. Notably, with
PLS-SEM, composite reliability is typically preferred over Cronbach’s alpha indicator.

Additionally, convergence validity was verified because the AVE values exceeded 0.5.
In this investigation, each latent variable explained at least 70% of the necessary variations.

Discriminant validity refers to the extent to which a construct is actually distinct
from the other constructs of the structural model. The discriminant validity of heterotrait–
monotrait (HTMT) was evaluated using the ratio and cross-loading criteria given by Fornell
and Larcker [70]. Cross-loadings revealed that each indicator had the greatest loadings on
the variable it was designed to assess. Thus, the Fornell and Larcker [70] condition was
satisfied.

However, since HTMT values are regarded as more precise for PLS-SEM, only these
are provided in Table 6. None of the latent variables had HTMT values more than 0.85,
suggesting that the reflective variables were clearly distinct one from another (Table 6).

Table 6. Discriminant validity test.

IU PE EDRR PEU PEIC GMSU

IU 0.719
PE 0.598 0.836
EDRR 0.481 0.478 0.726
PEU 0.497 0.488 0.353 0.835
PEIC 0.365 0.232 0.249 0.323 0.801
GMSU 0.469 0.276 0.355 0.283 0.369 0.798

Given that all model testing conditions and reflexively assessed variables were satis-
fied, it can be concluded that these variables can be utilized to evaluate the influence of PE,
PEU, PEIC, EDRR, and IU in the actual use of GeoSES-MS (GMSU).
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3.5. Results of Structural Modeling

Estimating the path coefficients, which represent the hypothesized correlations be-
tween the constructs, is used in analyzing a PLS-SEM model.

The range of path coefficient values is between 1 and +1, with values closer to +1
indicating strong positive interactions and values closer to 1 indicating strong negative
relationships. Although results close to +1 or −1 are nearly always statistically significant,
a standard error must be calculated using bootstrapping to assess significance.

Figure 6 illustrates the analysis of the causal relationship in the structural equa-
tion model.
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The path coefficients and R2 (measures the predictive accuracy of the structural model)
value are estimated as part of the structural model evaluation [71,72]. The path coefficient
quantifies the strength of the association between the independent and dependent variables.

Evaluation of the structural model includes the estimation of route coefficients and R2

value. The path coefficient measures the strength of the relationship between variables. In
contrast, the R2 value indicates a model’s ability to predict the dependent variables. The R2

values of the dependent variable, which is represented by the independent variables, the
size, sign, and statistical significance of the path coefficient, are used to interpret the results
of the analysis [73].

The path coefficients, significance level, and R2 values of the endogenous variables
are shown in both Figure 6 and Table 7. Performance expectancy (PE) (b = 0.363, p < 0.05),
perceived effort of use (PEU) (b = 0.310, p < 0.05), information requirement characteristics
(IRC) (b = 0.384, p < 0,05), education in disaster risk reduction (EDRR), (b = 0.351, p < 0.05),
and intention of use (IU) (b = 0.375, p < 0.05) all increase the (GMSU). H1, H2, and H3, by
which the performance expectancy (PE), perceived effort of use (PEU), and information
requirement characteristics (IRC) factors positively support the intention of use (IU) and
which, in conjunction with the education in disaster risk reduction (EDRR) factor, positively
influence the decision to use the GeoSES monitoring system (GMSU).



Land 2023, 12, 752 16 of 21

Table 7. Testing the hypotheses in the structural model.

Hypothesis Relationship Path Coef. b Standard Deviation
(STDEV) T-Statistics p Values Hypothesis

Status

H1 PE -> IU 0.363 0.044 5230 0.000 Supported
H1 PEU -> IU 0.310 0.035 10.273 0.000 Supported
H3 IRC -> IU 0.384 0.022 5830 0.000 Supported
H4 EDRR > GMSU 0.351 0.038 5.361 0.000 Supported
H5 IU > GMSU 0.375 0.042 8332 0.000 Supported

According to the results of the analysis, all hypotheses are validated.

4. Discussion

The UTAUT model has been shown to be more powerful than other competing models,
despite the fact that it has been used in fewer studies than TAM and TPB [74].

In this regard, Williams et al. (2015) stated that the UTAUT model is really valuable
and worth generalizing in the context of acceptance and validation of new technologies [58].
In this case, we made a modified UTAUT model for the deploying of information systems to
monitor the risk of landslides in order to test and validate the use of the GeoSES monitoring
system (GMSU), which was set up as part of the GeoSES project.

To test the model, the sampling of the target group was by the expert sampling
method, widely used when checking and validating models in specific fields or particular
technologies, which requires specialized knowledge, skills, and experience of the users,
as is the case with the GeoSES monitoring system. However, the evaluation of bias in
this method can be challenging and includes some limitations. It involves comprehensive
scrutiny of various factors such as the formulation of questions, choice of the targeted
group, and their answers. Limitations are related mainly to:

1. Formulation of questions: biased questions can lead to biased answers. The evaluation
of question formulation involves checking whether the questions were phrased in an
objective and non-leading manner. All possible interpretations of questions should be
considered to ensure that the questions are clear and straightforward.

2. Choice of targeted group: another source of bias in expert sampling is the choice of
the targeted group. It is essential to evaluate who is chosen as an expert and whether
they represent the diversity of opinions in the population being studied. An adverse
group of experts can help eliminate bias due to individual opinions or experiences.

3. Answers: biased answers can also lead to biased results. Identification and evaluation
of possible sources of bias in the answers are critical. Evaluating the answers involves
ensuring that the experts understand the questions, that their answers are objective
and unbiased, and that they have the necessary knowledge and expertise to provide
informed opinions.

Taking into account all these aspects, the choice of the target group of the study, the
formulation of the questions, and the interpretation of the results were through careful
design, selection, and implementation of the research methods used. Preparation of this
methodology was carried out by the technical manager and communication manager of
the GeoSES project.

Based on the feedback of 116 respondents from the project users, the study emphasizes
the variations between the intention to use the GeoSES monitoring system and the actual
GMSU usage behavior. The latter can be demonstrated through the extended UTAUT theory.

This study introduced the IRC construct, a factor that considers the geo-information
quality and how field data are obtained and processed using various geomatic and Earth
observation means.

The feedback from this construct demonstrates that users have a strong perception
of the system’s intention to use it (b = 0.3884). Thus, the permanent improvement of the
methods of collecting and processing geoinformation is highly recommended.
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This study also introduced the EDRR factor, because knowledge of the system’s
operation is fundamental to its practical use. According to the respondents’ perception, this
factor is strongly related (b = 0.351) to the actual use of the GeoSES monitoring system. This
underlines the importance of continuous development of the users of the system. However,
the GeoSES monitoring system can only be used with staff training, the assimilation of
updated knowledge related to utilizing the system, or the transfer of knowledge regarding
the techniques used.

Theoretical and Practical Implications of the Study

There is an increasing need for innovative technologies in managing and reducing
disaster risks. DDR (disaster risk reduction) must be a common concern of all decision-
makers, regardless of the environmental policies adopted in each country. Consequently,
our research focuses on finding the most effective solutions that offer the greatest impact
on users.

The study’s theoretical implications refer to identifying and understanding the factors
that significantly impact the decision to adopt the GeoSES monitoring system. In turn,
this significantly influences the diffusion and rapid adoption of the landslide monitoring
information system significantly.

In turn, this influences the diffusion and rapid adoption of the landslide monitoring
information system significantly.

From a technical point of view, this system can be improved following the beneficiaries’
feedback. Therefore, the usability of the system must be tested through the prism of its
acceptance, even in the design phase.

The impact that landslide risk monitoring systems have on users was evaluated in this
study through a redesigned UTAUT model, proposed by the authors.

The factors that contribute to the adoption of the monitoring system were carefully se-
lected. They were identified according to the system’s particularities, functions, usefulness,
and motivational or user behavioral components.

The results of the study show that the system’s acceptability is a direct effect of its effi-
ciency, the reduced effort of use, and the availability and quality of the collected geospatial
information. The high impact of the factor related to education (EDRR), demonstrates the
need for continuous training of personnel in using innovative geomonitoring systems.

The proposed model can be replicated in other regions or countries where similar
technologies of geomonitoring systems are used.

By adopting the geomonitoring system, users form networks of specialists, local
authorities, decision-makers, and policy-makers who can collaborate on the application
and improvement of the integrated monitoring system.

5. Conclusions

In recent decades, ecological disasters have become more frequent in the Carpathian
Euroregion [75–77]. The Earth’s surface deformities have been observed in relatively
densely populated regions. [43,46]. The surface movement caused by these dangerous
processes can destroy complex structures on the Earth’s surface, endangering human lives
and property, and affecting the success of environmental protection activities. The lack of
detailed land surface and landslide monitoring in the Hu-Sk-Ro-Ua region is an unresolved
issue [13,14,41,43].

For this purpose, integrated information systems based on geomonitoring can be
efficient solutions for entities involved in DDR (disaster risk reduction).

Aiming at the acceptance of such technologies by the users of the GeoSES-MS, a novel
UTAUT model was developed and tested.

Although the complex environmental, cultural, and social paradigm in the UTAUT
model of technology adoption is quite powerful [53,54,56,69,70], the model is rarely used in
emergencies. More importantly, in the HU-SK-RO-UA cross-border area, it is entirely unused.
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The study tailored the original UTAUT model to cover this gap with two additional
constructs. These constructs proved to have significant relevance for the adaptation of
geomonitoring systems for landslides. The constructs—performance expectancy, perceived
effort of use, information requirement characteristics, education in disaster risk reduction,
intention of use, GeoSES monitoring system use—proved to be of major relevance for the
adoption of geomonitoring systems for landslides. The novelty and added value of our
study reside in the newly developed model. This model has replaced some factors from
the original one, such as social influence, hedonic motivation, or habit, and deleted the
moderator factors of age, gender, and experience due to their nonrelevance, demonstrated
in previous and specific research. The proposed model is customized, agile, and adapted to
the needs and expectations of users of landslide geomonitoring systems.

The PLS-SEM method was used to test and validate the proposed model. The results
of the analysis confirmed all the hypotheses.

The model is a useful tool to capture feedback from beneficiaries and make early
adjustments to any misfunction of the system. One should emphasize that coordination
and the system’s working accuracy is an essential requirement. The investigation of user
actions regarding the acceptance of a new information system holds a significant role in
evaluating and developing a better information system for use in any sector, even more so
as this system becomes a means of preventing emergencies.

Our findings demonstrate that the acceptance of the integrated monitoring system by
the beneficiaries of the GeoSES-MS, from four neighboring countries, is one of the strengths
of our joint work for the mitigation of risks and management of disasters in this region.
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