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ABSTRACT
Smart regions are mainly characterized by adopting information
technology as a means for improving and enhancing manage-
ment and economic development at the level of individual villages,
cities and regions themselves. This enhancement can be effectively
achieved by using smart service systems that focus on value co-
creation among all stakeholders. In general, these services have to
be engineered in a special way tailored to the particular community
and use case at hand. In this paper, we propose an engineering
approach centered on the concept of the citizen developer for cre-
ating, maintaining and managing those smart services. By using a
domain-specific modelling language specially tailored to the smart
region context, we develop a platform capable of generating smart
services from a high-level description including data sources, trans-
formations and visualizations. This results in an efficient and cost-
effective development approachwhere the stakeholders of the smart
region context themselves lead the process of building, deploying
and implementing the relevant use-cases for their communities.

CCS CONCEPTS
• Software and its engineering → Software notations and tools;
Context specific languages; Domain specific languages; • Applied
computing → Computers in other domains; Computing in gov-
ernment; E-government; • Computer systems organization→
Embedded and cyber-physical systems; Sensors and actuators.
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1 INTRODUCTION
Smart regions seek to enhance quality of life by adopting an effec-
tive interplay between technology and the capacity of the individ-
uals and organizations involved to create and manage knowledge
and put it into practice [1]. One key component is servitization
[2], a concept that has evolved from its original conception in the
general business context to other industries like manufacturing
[3] and healthcare [4]. Servitization focuses on the value-adding
process of economic activity in contrast to products that result in
tangible goods. From the perspective of service science and service-
dominant logic, value is co-created [5], which means that services
are seen as a collaborative process centered on interactions based
on value proposal, agreement and realization that results in mutual
benefit [6]. Organizationally speaking, services are co-created in
service systems, which are “configurations of people, technologies
and other resources that interact with other service systems to
create mutual value” [7]. Specifically, service systems can be seen
as what brings a customer and a provider together to create value
and benefit for all parties involved [8].

Digital technology transforms service systems into smart service
systems [9]. Specifically, smartness is built into service systems by
engineering intelligent software with data collection, processing
and analytics capabilities to transform data into knowledge, and
this knowledge into services. In general, data is generated (and
sometimes also, pre-processed) by smart things (usually also re-
ferred to as smart objects, or products), which are physical products
embedded with data processing and networking capabilities. In the
Internet of Things (IoT) context, these smart things take the form of
sensors and other devices like actuators, Radio-Frequency Identifi-
cation tags (RFID) and mobile phones that are seamlessly embedded
into wireless communication networks [10].

In this paper, we present a new engineering approach for smart
service systems in the context of the smart region. Our approach is
based on a Low-Coding/No-Coding (LCNC) solution for designing
and orchestrating smart service systems that do not require tradi-
tional custom software engineering projects to come to fruition.
Instead, we resort to a Domain-Specific Modeling Language (DSML)
specially tailored to the smart region context. This formal language
is used as the foundation for our tool. Our approach involves sev-
eral advantages for the smart region: i) empowering the role of
the region in designing and implementing their own use cases, ii)
enhancing re-usability and knowledge sharing between communi-
ties and regions by easily adapting use cases already in use for a
different community, and iii) reducing costs and time-to-market by
abstracting away the main architectural properties of smart service
systems and automating most of the engineering process.

This paper is organized as follows: Section 2 gives a theoretical
introduction on smart service systems in the special context of the
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smart region. In Section 3, we introduce our approach and elaborate
on its importance from the point of view of the citizen developer.
The approach is evaluated using an environmental use case analysis
in Section 4. We conclude with a general discussion and remarks
for future work in Section 5.

2 SMART SERVICE SYSTEMS IN THE SMART
REGION CONTEXT

The term smart region is often used inconsistently or neglected
in the literature on smart cities or smart villages. This paper is
based on literature that describes smart regions as an independent
construct that the value proposition and value creation for smarti-
fication initiatives and smart services should be tailored to specific
regions and region types [11]. The different types of regions can
be characterized by three variables. The first variable is the popu-
lation density of a region, measured as the percentage of people
living in urban or rural communities. The second variable is the
distance to a populated center, also derived from the OECD’s ex-
tended regional typology model. These two variables result in a
classification consisting of five region types: Predominantly Urban
(PU), Intermediate close to a City (INC), Intermediate Remote (INR),
Predominantly Rural close to a City (PRC) and Predominantly Rural
Remote (PRR). As an example, the federal state of Lower Austria
includes examples of regions of all these five types. The third vari-
able, the data ecosystem and the mechanism of co-creation of value
among the stakeholders involved, was derived from the concept of
data economy [11, 12].

Especially the third differentiation variable, the region-type-
specific characteristics of existing data ecosystems and the frame-
work conditions for co-creationmechanism between involved stake-
holders are relevant for the model for the development of smart
services presented in this paper. The value co-creation model is
described in detail in Section 3.2, which on the one hand defines
the regional government as an actor with overarching responsi-
bility for the smart service infrastructure, and on the other hand
distinguishes between the types of communities that are very in-
dependent and active drivers for smart services to communities
that only act in a coordinating or minimalist manner and willingly
reuse and continue to use the data ecosystem and existing smart
services from the region.

3 A LOW-CODING ENGINEERING APPROACH
FOR THE CITIZEN DEVELOPER

In general, smart services can be designed using top-down, bottom-
up or middle-out approaches [13]. Top-down represents one of the
most traditional approaches, where community government and
central decision makers implement changes without active par-
ticipation from the local communities. By contrast, in bottom-up
approaches changes are initiated from the communities themselves,
propagating all the way up to local governments (being imple-
mented in practice only if approved by the local government and
there is appropriate funding and technology available). In middle-
out approaches, both sights are represented and meet in the middle.
The main idea is to engage all stakeholders in a smart service
co-design process by bringing together different backgrounds, ex-
periences and skills.

One key inhibitor for the middle-out approach are technological
hurdles, which are mostly faced by citizens that do not have an
IT background [14]. It is therefore critical to lower technical en-
try barriers in order to achieve an effective participatory process
to co-design smart services and maximize value co-creation. By
empowering citizens to take a central role in the development of
smart services, these are made to citizen developers [15], which
can be defined as those with no proper software engineering or
technical background [16]. The main tool for providing support
for the citizen developers that we propose here is the use of low-
code no-code (LCNC) solutions [17]. These are tools that support
users in creating software by reducing the amount of code needed
(low-code) or eliminating altogether the need for writing code in a
formal programming language. Using LCNC solutions in the smart
region context has several advantages: first, it enhances alignment
between IT and the domain context by giving domain experts the
possibility of developing smart services themselves. Second, it re-
duces costs and the need for dedicated personnel for delivering
smart service projects. The citizen developer and the other stake-
holders themselves can efficiently develop the required solutions
without the need for lengthy explanations to IT experts or profes-
sional software developers. Additionally, LCNC approaches make
it easier to quickly prototype solutions that can be refined in a
later stage. For instance, citizen participation could be fostered by
organizing hackathons or using gamification techniques where use
cases are prototyped using no–coding solutions [18]. As an addi-
tional advantage, LCNC platforms that implement best practices in
system design and security automatically enforce those practices
in the produced software (for instance, using the principle of “Secu-
rity by Design” [19]), increasing software quality and trust in the
system.

3.1 Smart Service Lifecycle
Similar to other software engineering processes, smart services
undergo the lifecycle depicted in Figure 1. We start with an initial
use case analysis. In this phase, domain experts define the require-
ments needed to solve a given practical problem in the smart region
context. For instance, this could be related to environment man-
agement (air pollution monitoring) or transport infrastructure use
cases (e.g. smart parking [20]). One important aspect in this analysis
are regulatory requirements that might involve usage of data or
other considerations in the application domain. In the next phase
(data analysis), the IoT infrastructure is evaluated and the available
data is analyzed for its suitability for the use case under considera-
tion. If the data is not suitable, a new infrastructure project needs
to be started where the necessary infrastructure has to be deployed
(this phase is out of the scope of this paper).

Next, the smart service is co-designed, which means that the
relevant stakeholders (city and/or regional government, domain
experts and citizens) participate in the process of designing the
new smart service. This could include defining the functionality
and UI (functional requirements) and also data flows and other
requirements like security and privacy that need to be met by the
new service (non-functional requirements). Citizen participation
and engagement can be accomplished in different ways, e.g. by
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Figure 1: The smart service lifecycle (Authors’ image).

organizing workshops, competitions and other participatory design
activities [21].

After the co-design phase, the service is implemented using
either a traditional software engineering approach or a method
involving LCNC tools. When this process is finished, a software
artefact (the output of the implementation phase) is rolled out in a
production server, possibly in a cloud environment (a process also
known as deployment). During the production time of the service,
different maintenance tasks need to be performed, e.g. when the
data changes or when there are new requirements or improvements
that need to be done. Finally, after the service has reached its goal, it
might be discontinued and archived. Note that a new use case anal-
ysis might result in the service being retrieved from the archived
state (therefore the arrow from end-of-life to use case analysis in
Fig. 1).

Citizen-centric participatory activities can, in principle, involve
up to three different phases: the use case analysis (e.g. when cit-
izens submit ideas and problems to be solved), co-design (when
citizens themselves participate in the service design process) and
implementation phases (e.g. by using LCNC solutions to actually
implement the service). In the coming sections, we focus on the
implementation activities.

3.2 Smart Service Value Co-Creation based on
Service-Dominant Logic

The application of service-dominant (SD) logic allows a systematic
development of a multi-actor perspective value-in-use based co-
creation. [22-24]. As a consequence, the co-designing element and
the smart service lifecycle in Figure 1 are also embedded into this
multi-dimensional perspective. Methodologically, our SD model is
based on the Service Dominant Business Model Radar (SMBM/R)
[23]. SDBM/R is a business model development process developed
for and in the context of smart mobility business models. It is a
business model development process that includes five steps: 1)
identifying and agreeing on the co-created value-in-use and the tar-
get customer, 2) describing the customer experience, 3) determining
the components of value-in-use (the actor value proposition) and
the associated actors, 4) determining the costs and benefits for each
actor, and 5) determining the high-level activities that realize the
value proposition for each actor. The design process is iterative and

involves multiple iterations until the radar is deemed complete. The
goal is to create a business model with a positive sum of costs and
benefits for each actor and a positive sum of costs and benefits from
a multi-dimensional perspective. Based on the high-level results,
the actors integrate them into their concrete implementation and
business processes.

Figure 2 conceptually outlines the Service-Dominant Smart Ser-
vice Model Radar (SDSSM/R), which builds on the SDBM/R to con-
sider the key actors, including the citizen developer as an actor
in itself, for the development of smart regions specific smart ser-
vices. Additionally, the SDSSM/R includes an extension to the actor
co-designing level.

The defined actors are 1) the regional government, which focuses
on the benefits from the perspective of the region and is respon-
sible for the establishment and orchestration of the smart service
ecosystem, such as smart service IT infrastructure and IoT platform
infrastructure. On the community level, the role of the community
in providing smart city infrastructure depends on the degree of data
openness. Depending on the chosen approach to data openness, the
city must either take responsibility for the infrastructure or share
decision-making power with external parties [25].

In the model presented, the regional government has a responsi-
bility to establish a data governance model in which communities
can participate based on their data openness preferences. For this
reason, we have distinguished the three categories of communities
(self organizing, coordinating and minimalistic) [25] according to
their willingness to actively participate in the smart service lifecycle
process. The issue of data openness preferences as a distinguishing
criterium is anchored at the level of the regional government. The
community type A (self organizing) is very much responsible for
the life cycle of smart services. Community type B (coordinating)
draws heavily on resources from the entire region-specific smart
services, especially for co-production, to develop their community.
Community type C (minimalistic) limits itself to (re-)using existing
smart services solutions, e.g. from other regions, simply because it
lacks its own resources.

Among the citizens, the model distinguishes between citizen
users, classic users of smart services and citizen developers, who are
actively involved in the smart service life cycle as empowered users
using the LCNC tools during the co-designing and co-production
phases. These two phases are now separate steps in the SDSSM/R
compared to the SDBM/R, which exclusively leads the actor co-
production phase.

This conceptual model (SDSSM/R) is currently being developed
iteratively in research projects, methodologically based on the pro-
cedure for the SSBM/R. [23]

3.3 Smart Service Engineering
In the citizen developer paradigm, the implementation of the smart
service is also accomplished either in part or totally by the smart
region stakeholders themselves, with a clear focus on citizen par-
ticipation. In practice, this can be achieved by using LCNC tools.
The activities involved are depicted in Figure 3.

We start by defining metadata, which are data about the service
itself, and can be thought of as properties with assigned values.
For instance, one property could be a service name or identifier,
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Figure 2: The Service-Dominant Smart Service Model Radar (SDSSM/R) (Authors’ image).

Figure 3: Smart service implementation process (Authors’ image).

a version number, or the name of the author(s). One of the core
activities in the implementation phase is to define the data sources.
This is related to the IoT platform being used in the smart region
or community under consideration. Normally, there is no direct
communication between individual sensors and smart services. In
contrast, data is aggregated in a middleware that is usually called
broker or gateway. As an example, consider the Orion Context Bro-
ker that is at the edge of the Fiware IoT platform. The smart service
is attached to the broker by means of an application programming
interface (API). Therefore, once that the IoT platform is known,
the LCNC solution can just use a predefined library to fetch data
from the broker programmatically. The user only needs to define,
in principle, which endpoints (i.e. unique identifiers or addresses)
are necessary to interact with the broker and how data needs to be
prepared or filtered. For example, in the case of environmental data,
the stakeholders might be interested in ozone levels in different
locations, but not in CO2 or NOX, so these other data are filtered
out.

Next, we need to define how to present the data to the user (visu-
alizations). Here, we first need to define which type of application
best suits the use-case at hand. Usually, web applications are used
since they can be accessed from anywhere using a web browser,
possibly complemented by a smartphone app. Concrete visualiza-
tions like maps, charts and diagrams are defined in this step as
well. Additionally, events like push notifications can be defined
to alert users if e.g. some values are exceeded depending on the

use-case. Finally, details of the deployment need also be specified,
like domain names, IP addresses and containerization technology.

Once these definitions are finished, a smart service can be gener-
ated that fulfils the requirements. We propose a layered architecture
for smart services as shown in Figure 4. At the bottom, the IoT layer
is responsible for the direct communication with the IoT middle-
ware. In parallel, the data access layer represents the interface to a
database management system (DBMS) that is used to store users,
preferences and settings, among other necessary data access objects.
Both layers provide data to be used by the data processing layer.
This is one of the core layers of the smart service where data is
transformed, filtered and prepared for visualization. Typical oper-
ations to be performed at the level of this layer are missing data
imputations, grouping selection of attributes/features and tabular
dataset formation. Once the data is in the appropriate form, the
visualization layer provides the necessary mechanisms and frame-
works to realize concrete data visualizations, like street maps, line
and pie charts, or other types of diagrams and tables. Finally, the
user interface layer provides a unified user experience integrating
all visual and interaction elements using an appropriate technology,
like web frontend frameworks or mobile apps.
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Figure 4: General architecture of a smart service (Authors’
image).

Figure 5: Component diagram for LCNC tool (Authors’ im-
age).

3.4 Low-Coding Smart Services
We now introduce a general architecture for a LCNC tool for smart
service engineering and a sample implementation. The tool cur-
rently under development is called Sagittarius1 and implements the
process depicted in Figure 3 and its main goal is to produce smart
services that satisfy the architecture outlined in Figure 4. In Figure
5 we show the reference architecture that we used to implement
our tool as a UML component diagram.

The tool is composed of several components in a service-oriented
architecture. The ApplicationService is a central gateway acting as a
controller for theweb frontend. Theweb frontend contains an editor
and additional functionality for compiling and deploying smart
services. The LanguageService compiles the smart service definition
into a ready-to-deploy application. We chose to implement the
domain-specific modelling language described in [26] due to its
flexibility and its proximity to natural language. This service is also
responsible for adding the necessary code to connect the service
to a specific IoT platform, like Fiware. Finally, the Orchestrator
is in charge of deploying, starting, stopping smart services in a
coordinated way. For this purpose, a containerization technology
like Docker is used to deploy the service in a public or private cloud
environment.

4 USE CASE EVALUATION: ENVIRONMENTAL
DATA ANALYSIS

In this section, we present a concrete use case that was implemented
using the proposed LCNC tool. We took air pollution measurements
1Source code available at https://github.com/IMC-UAS-Krems/Sagittarius

from the city of Madrid (which is a PR region according to the clas-
sification presented in Section 2) collected in a publicly available
Fiware instance as data source. We choose this example because
the data is publicly available to showcase our LCNC tool in a con-
crete use case, but the tool can in principle be used in any other
region where the corresponding infrastructure is available. In this
instance, several measurement stations distributed over the city are
used to collect data regarding ozone, carbon dioxide and nitrogen
oxide levels. The use case is air quality monitoring: the principal
requirement of the service is to show air quality measurements in
a publicly accessible dashboard. The main workflow in the tool is
shown in Figure 6 (top). The central part of the tool is the code
editor in the middle panel, which is accompanied by a left panel
showing a tree-like structure. This structure is used for classifying
smart services in different categories like water management, en-
vironment, transport, etc. For instance, if the user selects the item
“water management”, they would see all smart services that were
classified in this category (similar to files in a folder). In Step 1, we
use the editor for implementing the process described in Figure 2
using the domain-specific modelling language [26]. This step can be
divided into three sub-steps. In Step 1a, we define general metadata
for the service like name and version. In Step 1b, the data source
and the relevant fields are specified (in this example, the data fields
of interest are NOX, ozone, the location of the measurement sta-
tion, and the date of the observation). In Step 1c, visualizations are
defined. In this case, we specify a map visualization where points
in the map show levels of NOX and ozone. Additionally, we would
like to have a detailed view on a particular measurement station
over time. To achieve this, we group by location and plot NOX and
ozone levels as a function of time. To conclude, details about the
deployment are specified in the last part (not shown).

In Step 2, the service specification is compiled - i.e. the service is
translated into an application written in a high-level programming
language. For our tool, we chose Python as the implementation
language and Plotly as a visualization framework. In Step 3 (bottom
part of Figure 6), the service is deployed as a stand-alone application
and can be used by the users in the community.

There are different ways in which the workflow described above
can be used in service co-design activities. In the following, we give
some examples:

• The tool could be used as a demonstrator of a quick prototype
by domain experts to get a first approximation to the problem
to be solved.

• It could also be used as a tool in an appathon-like event
where citizens themselves compete with their prototypes in
the context of a given use-case.

• Additionally, the tool could be used in workshops where the
involved stakeholders (city administration and management)
participate in the design process.

• In self-organizing communities, the tool can be used within
the IT-department to implement the service after receiving
specifications from domain experts in natural language form.

• Engaged individual citizens can use the tool to submit pro-
posals for new services as definitions or prototypes to city
management.
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Figure 6: Creating an air pollution monitoring service with an LCNC tool.

5 DISCUSSION AND FUTUREWORK
In this paper, a new framework for smart service engineering based
on co-design activities and supported by a LCNC solution was pre-
sented. The framework encourages citizen participation in smart
service design processes by setting a common standard and a cen-
tral tool supporting the co-design, implementation and deployment
phases of the smart service lifecycle. In this way, we effectively
propose to decentralize and open this process to all stakeholders
involved. This results in benefits like increased citizen engagement,
more efficient design processes and cost savings. Moreover, the
experience of one community can be easily shared with other com-
munities in the same or different regions (by sharing smart service
definitions), paving the way for a global smart service co-design
community that shares use-cases and the knowledge to implement
them.

The next steps in the development of this tool involve adding
more visualizations and event-driven capabilities like e.g. receiving
notifications in case of measurements exceeding a specified thresh-
old. Additionally, predictive analytics using machine learning will

be included to support decision making and to gain insights from
the data in a transparent way.

We note that, although the formal language used was designed
to be as near to natural language as possible, it still might represent
an entry barrier for users without IT experience. Therefore, the
next step involves a special user-interaction layer to enable users
to write the service specification directly in natural language by
using e.g. generative AI language methods. Additionally, a concrete
implementation roadmap for all stakeholders as well as a concise
investigation of the legal aspects involved will be developed as part
of future work.
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