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Abstract

Low-code is an emerging technology allowing
subject experts with no information technology
background to develop their own digital solutions to
operational challenges. Low-code has shown potential
to support digitalization in different business
scenarios. Nevertheless, there is a lack of scientific
literature exploring how this technology could be
leveraged in the construction industry. This paper
addresses this gap using case study research to
analyze the development and implementation of a
novel low-code application to monitor production in
tunneling construction. The outcomes reveal that the
involvement of people closer to operation in the low-
code development process supports productive
development practices enabling the delivery of an
application meeting project requirements and
supporting on-site adoption. The introduction of the
application resulted in an increase in productivity
during the reporting process. The innovative use of
low-code technology in the construction industry also
reveals opportunities for future research.
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1 Introduction

Low-code development is an emerging technology
aiming to enable people without coding or programing
expertise to develop applications and digital solutions
without the support of Information Technology (IT)
professionals. Richardson et al. [1] coined the term low-
code in 2014 arguing that it emerged as a response to
rapid changing business environments and requirements
for faster and cheaper technology development [2, 3].

In comparison to traditional programming
methodologies, low-code seeks to reduce manual coding

283

efforts and lower technical entry barriers in technology
development, thereby fostering a more efficient and
productive development. Low-code abstracts complex
programming into an application modeler equipped with
an intuitive graphical interface containing pre-defined
components/templates to support the application
development process. Users can drag and drop elements
onto the graphical interface or connect directly to related
databases without the need of writing code [4].
Embracing this programming approach empowers a
distinct group of individuals, commonly identified as
"citizen developers", to actively create their own digital
solutions for addressing operational challenges [5, 6].

Low-code is usually seen an evolution of principles
within Computer-Aided Software Engineering (CASE)
[7]. For instance, Bucaioni et al. [8] argue that low-code
should regarded as a set of tools and techniques within
the domains of Model-Driven Engineering (MDE). Some
authors even contend that the rise in popularity of the
low-code trend may not in itself offer significant
technical innovation, suggesting that its rise may be due
to a rebranding of related CASE/MDE concepts [9].

Low-code offers an alternative to the ever-increasing
demand of digitalization, particularly in light of the IT
skills shortage [4, 10, 11]. This considering that in the
next 5 years, the digitalization of different industries will
demand the development of more than 500 million
applications and digital solutions, exceeding the
delivering capacity of IT organizations and developers
[12, 13]. In this regards, market reports are very
adventurous forecasting that by 2025 nearly 70% of
business applications will be developed using some sort
of low-code technology [14], with the number of “citizen
developers” largely surpassing the number of
professional developers [15]. This translates into an
expected market growth from USD 13.89 billion in 2021
to USD 94.75 billion by 2028 [16].

If these projections materialize, low-code will
influence not only digitalisation of various industries but
also the way projects are managed. In fact, the Project
Management Institute (PMI) has proactively initiated
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educational programs aiming to train project managers to
leverage the use of this technology [17].

Low-code is also considered in international research
consortiums, such the Horizon 2020 Lowcomote project
[18]. Lowcomote aims to equip the next generation of
professionals, empowering them to emerge as leaders in
the future engineering of low-code development
platforms. There are also emerging competence centres
such as LowCodeLab@OST [19] in Switzerland seeking
to focus on building up strategic citizen development and
low-code skills.

Since the introduction of the concept in 2014, low-
code technology has been used to support digitalization
in a variety of business scenarios. Nevertheless, there is
a lack of literature delving into low-code use in the
context of processes and operations in the construction
industry. This paper contributes to filling this gap by
describing and analyzing a case study where low-code
was used to develop an application that supports specific
construction tasks in the context of tunneling operations.

2 Related literature

Prinz et al. [20], Bucaionni et al. [8], and Pinho et al.
[21] offer recent literature reviews about low-code. These
studies highlight the limited literature on low-code as
well as underline the growing interest of the academic
community to fill the gap and assimilate the knowledge
generated by the industry. Prinz et al. [20] point out that
most of research focuses on the technical aspects of low-
code platforms. However, social aspects related to roles
and responsibilities, alignment of processes, and
communication related to the deployment of low-code in
business environment has received little attention.
Bucaionni et al. [8] reveal that almost half of sources
correspond to grey literature, with the first scientific
publication appearing in 2018, four years after the
introduction of the low-code term. The authors
recommend further investigating the characteristics and
nuances of applications created through low-code
development. This aims to assess the current state of low-
code development practices and analyze broader topics
such as scalability and performance metrics. Pinho et al.
[21] focus the analysis into advantages and disadvantages
in low-code development with particular emphasis on
platforms’ usability. The authors make notes of caution
related to the prominent presence of industry and low-
code vendors in literature. This considering that low-code
vendors have a strong incentive to enhance their products,
making them potentially influential in driving research in
this field. Although recognizing them as catalysts for
advancing research in this domain can be advantageous,
it is crucial to prioritize scientific rigor in peer-reviewed
literature, and the primary motivation for their
involvement should not solely revolve around business
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success.

Based on a systematic review, Martinez and Pfister
[22] provide an overview of relevant low-code literature
and classify articles using thematic analysis. The articles
were clustered in 5 themes: technical, interfaces with
contemporary  topics, implications to software
development, literature reviews, and Dbusiness
applications. This analysis a) confirms the growing
scientific interest on low-code, b) confirms that most of
the literature focuses on technical aspects of low-code
development platforms, c) consolidates a variety of use
cases describing low-code use in different business
scenarios, and d) reveals the lack of scientific work
exploring low-code in the context of the construction
industry.

Only a handful of studies address the implications of
low-code to business operations, and overall digital
transformation. Waszkowski [3] describes the use of a
low-code platform for automating business processes in
a manufacturing environment. The author emphasizes
that one of the main benefits of low-code is the reduction
of time in the transfer of requirements from the end-user
to the IT developers. This is because with low-code, the
citizen developer can play the dual developer/end-user
role. In the same direction, Wolff [23] states that
manufacturing is very suited for low-code because most
of the engineers running business processes are familiar
with programming language, thus low-code environment
is not fully foreign to them. The author also describes
popular low-code manufacturing applications in supply
chain, inventory tracking, logistics, and sales. From a
broader perspective, Sanchis et al. [24] explore the
suitability of low-code to enable digitalization in
manufacturing. The authors analyze the status of research
and benchmark different low-code platforms to identify
challenges and opportunities.

The use of low-code in business scenarios has
enabled the identification of different benefits.
Practitioners identify faster development, ease of use,
and low development cost as the main benefits of low-
code [25-27]. On top of reducing hand-coding, the
assisted low-code process facilitates data integration,
provides space for testing and experimenting new ideas,
as well as becomes a single control point for
configuration and application maintenance [1].
Richardson and Rymer [28] state that low-code
development process can be 5 to 10 times faster than
traditional approaches. Industry surveys report that
software developers are embracing low-code to
accelerate the digital transformation, increase response to
changing business requirements, and reduce reliance on
hard-to-hire IT developers [29].

One of the main limitations of low-code platforms
relates to restricted customization options [25, 30]. The
lack of customization derives from the fact that low-code
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development is naturally less powerful than traditional
programming, and users are limited to the options offered
in the low-code platform. Tisi et al. [31] also identify
scalability and fragmentation as low-code shortcomings.
Scalability refers to the ability to expand the use of a
given application to larger systems, projects, or
organizations. Fragmentation relates to limited
interoperability among low-code platforms and
supporting databases. Some organizations hesitate to
fully embark into low-code because of the high cost per
user [25], and concerns about potential vendor lock-in
[29]. Although low-code platforms are intended to be
intuitive, users and even IT professionals also require
investing time in learning and getting familiarized with a
platforms user interface [26]. In more complex scenarios,
a citizen developer may be unable to meet demanding
requirements, eventually requiring support from software
developers [29].

Literature on low-code use in the construction
industry context is particularly limited. Martinez et al.
[32] proposed the idea of using low-code to support the
delivery of construction project in a book chapter
involving lean and construction industry 4.0. Expanding
on this idea, Martinez and Pfister [22] introduced the first
academic work exploring the use of low-code in the
context of construction base analyzing the outcomes of
multiple case studies. Martinez and Cisterna [33] provide
another use case integrating low-code with artificial
intelligence.

This study contributes to the emerging body of
knowledge by extending the analysis and lessons learned
from a prior case study, now considering information
available after 18-months of application use.

3 Research methodology

This study uses Case Study research design and
adheres to the methodologies suggested by Yin [34].
Case study research is an empirical inquiry that
investigates a contemporary phenomenon within a real-
life context leveraging the use of multiple sources of data
and evidence [34]. In this context, the authors acted as
citizen developers supporting the project team in the
collection of requirements and developing the application
using a low-code platform. The authors carried out a
comprehensive study of the interactions that took place
throughout the entire development process. This
involved analysing various project documents, including
meeting minutes and paper data collection forms. They
also undertook a comparative assessment, contrasting the
current manual process with the improved process
incorporating the application developed by the project
team.
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4 Case study

4.1 Context

The case study involves a tunnelling project using
different underground construction techniques. The
initial construction phase of the project considers
earthmoving operations to remove soft soil in front of the
planned tunnel section opening. In a second phase, the
project considers 500 m. of tunnelling excavation using
the umbrella pipes technique. The final phase,
considering more stable geology, involves 3.500 m. of
tunnelling construction using drill and blast technique.

Traditionally, the reporting of activities and resources
used in different operations is done using paper forms.
The information included in these forms considers the
different activities and corresponding execution times, as
well as data about different resources used (e.g.,
machines and personnel hours, key materials, and
subcontractors). This data is then manually transferred to
a spreadsheet where different analyses can be performed.

This manual process to capture and process data has
the typical shortcomings of a manual paper-based
approach. Manual data processing is time-consuming and
error-prone. In addition, it often results in delays in data
processing, preventing managers and production teams
from accessing real-time project performance
information that is critical for timely and fact-based
decision making. In this project, three daily shifts are
tasked with managing the different paper forms.

4.2 Application development process

The project team aimed to tackle the shortcomings of
paper-based project reporting by digitalizing and
automating the process of data capturing and handling
through a customized mobile application. For this
purpose, the project team conducted a series of
workshops to understand the data capturing process,
identify relevant data inputs, and define the requirements
of a digital solution. Along with reducing manual effort
for data processing, the team aimed to have real time
information about activities and resource utilization
which facilitates the identification of improvement
opportunities to increase productivity.

The authors acted as “citizen developers” supporting
the team in the elicitation of requirements and the
materialization of the application in the project digital
collaboration environment. In this exercise participated
the project manager, site manager, and several key
project members. From the workshops, the team was able
to consolidate requirements to replace the paper forms
used in the project and derive all relevant relationships to
build a data model that enables real time generation of
project performance reports. The team also defined
iterative loops to review prototypes to verify the data
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model and improve the application’s user interface.

4.3 System architecture

The architecture of the system is depicted in Figure 1.
The digital solution is built on Microsoft Power Platform.
Microsoft Power Platform is a set of cloud applications
that allows automation of business processes and create
application with low-code [35]. The data capturing and
processing concept developed in this case study
combines different components of this platform
including PowerApps, Dataverse, and PowerBI. The
application development process did not require manual
code writing; rather, it involved integrating various
functions to establish connections between data and
facilitate interactions among pre-defined components.

Mobile app Database Data analysis
— - —
— e
U S ——
PowerApps Dataverse PowerBI

Figure 1: System architecture

In Figure 2, primary users report activities and
resources through a Graphical User Interface (GUI) built
in PowerApps. PowerApps is a suite of apps, services,
connectors, and a data platform offering a rapid
application development environment to realize custom
applications tailored to specific business needs [36].
PowerApps allows connecting data stored Microsoft
Dataverse (or in related online data sources such as
SharePoint, Dynamics 365, and SQL Server).

Shift: 14-April-2023 | Monday 6h— 13h o

Figure 2: Graphical User Interface

The GUI is connected to the Microsoft Dataverse via
integrated data connectors predefined in the Power
Platform. From the mobile application data inputs are
therefore sent and stored in a Dataverse. Dataverse
allows to structure data in a set of cloud-based tables
including relationships. In Figure 3, the data model
includes two groups of data: master and transactional.
Master tables contain predefined project data such as
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materials, type of machines, shifts identification number,
personal, etc. This data can only be edited by certain key
users at the project site and must be updated on a regular
basis according to project needs. For example, a new
machine arriving to the project must be added to the
corresponding table to appear in the GUI.

Shift Activity Equipment
- Shift time -Location [€4—n:1— - Name
-Type -Type activity - location
- Project manager tn———— Subactivity - Hours
- Date - Start - Image
-Time Activities performed |- End -
- Comments in a shift - Type of soil
R Materials,
subcontractors, and
T equipment are used
in activities
Materials ni1 Subcontractors
- Name nt - Name
- Quantity -Activity
- Unit - Hours
- Comments - Comments

Figure 3: Data model

Transactional data complements master data and
corresponds to all process inputs captured onsite through
the mobile application. For instance, an application user
selects a machine stored in the master data and
complements this information with the number of hours
it was used during the shift. Transactional data is
captured though a series of views in the mobile
application and sent to the database where relationships
among different data entries are defined via unique
identification numbers.

The different views included in PowerApps GUI
emulate the paper forms intended to be replaced. The
GUI is designed to walk the user through a logical
workflow to input data in an organized way. Users begin
by entering data about the shift (e.g., shift number, start
and end time, location, project manager, etc.). In the
background the creation of a shift generates a unique ID
number where all the other inputs are attached. The user
then can add further transactional data connected to the
shift entry by entering the details in the corresponding
GUI screen. This allows establishing several one-to-
many  relationships  between the shift and
activity/resources tables in the data model.

PowerBI is used for report generation, data analysis,
and overall business intelligence. = Through
interconnected queries and established data relationships,
PowerBI retrieves and combines data to analyze and
generate the visual insights needed by the project team.

4.4 Outcomes and findings

The project team, working part-time over three
months, successfully delivered a functional application
through iterative development loops. The authors
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highlight efficient requirement elicitation and meeting
end-user needs as the primary benefits of low-code.
Citizen developers with operational knowledge played a
key role, articulating requirements, optimizing
development, and bridging exchange between the project
team and operations, resulting in faster validation loops.

In terms of process optimization, the materialization
of the application removed manual steps from the process,
enabling significant saving in personnel time. Table 1
presents estimated times to perform different tasks in the
data capturing, controlling, and analysis process. These
times were obtained through semi-structured interviews
with users on-site. Site engineers, who are responsible for
reporting data onsite, save approximately 35 min per shift.
That is, 105 min of time savings per day (3 shifts / day).
The project manager performs the task of controlling,
analyzing data, and reporting daily. For these tasks, the
project manager saves approximately 110 min per day.
Approximately, the project saves a total of 215 min per
day. That translated into an estimate of 235.425 min
(3.924 hours) for the 3 years of project duration (215
min/day x 365 days x 3 years). Furthermore, there is also
the implicit value of having project data processed in real
time to make informed decisions about the course of the
project. For instance, by allowing the team to promptly
define corrective actions when detecting important
deviation in the execution of activities and use of related
key resources.

Table 1: Estimated time savings

Personnel Savings Description
(min/day)

Foreman

Report filling 105 No need to write on

& data paper and manually

processing digitalize data

Project Manager

Controlling 20 Control quality of

data data inputs

Extracting 60 Machine, materials,

relevant data data is readily
available

Report creation 30 Processing of data to
generate report

Total 215

In terms of challenges, a limitation associated with
low-code development is the restricted ability for
customization. The development process is restricted to
the predefined options and structures available in a
specific platform, potentially limiting the flexibility of
development. In this case study, the project's
requirements were consistently evaluated in relation to
the capabilities of the low-code platform and the
expertise of citizen developers. This approach was
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explicitly adopted to avoid the need for customizing
applications through manual coding, which would
require professional IT support. The requirements for
digitizing the data capture process in this case did not
necessitate customizations beyond what the platform
could offer, which may not be the case in other projects.

In terms of scalability, the project team initially
considered the development of the data model through
basic online lists (SharePoint lists). However, as the data
model's complexity grew, a shift to a relational database
became essential to streamline the management of
relationships among tables. This challenge led to
subsequent development iterations and additional
licensing costs. This reveals the necessity for careful
consideration during the development process,
addressing not only user interface requirements but also
the comprehensive system architecture defined for the
digitalization initiative.

5 Discussion

The authors explore broader industry implications of
low-code, specifically its role in supporting the
digitalization in the construction sector.

5.1 One-of-a-kind nature of construction

Low-code development offers opportunities to
facilitate digitalization of the construction industry
processes since it has the potential to cope with the so-
called one-of-a-kind nature of construction business.
Processes in the construction industry lack
standardization because they are usually influenced by
site conditions. As a result, information technology tools
are unable to cope with a variety of requirements to
match every business case, affecting their applicability
on site and broader use in other projects. In this aspect,
low-code has the potential to support the development of
tailored applications with low effort and advanced
engagement of people in the field. This could enable
different degrees of digitalization of specific construction
operations. Related literature highlights the potential of
low-code to enable a bottom-up innovation process [37].

5.2 Digitalization and innovation

Several processes on construction sites are still
planned and controlled using pen and paper, thus low-
code could facilitate their digitalization. Traditionally,
the data generated in a project is not properly used and
learnings are hardly transferred from one project to the
other. In this aspect, low-code offers an alternative to
capture key process data and use it to analyze and
improve operations. At a project level, teams can have
real time access to project performance metrics, identify
bottlenecks, and define actions to improve overall
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productivity of key processes. At an enterprise level,
construction firms could consolidate data coming from
different projects and leverage the use of this information
to improve performance in other phases of the project life
cycle. For example, by consolidating and analyzing data
from similar projects, an organization can generate a
solid performance database and productivity indicators to
improve accuracy when bidding on new projects. In this
direction, the authors suggest exploring opportunities for
further research on the impact of low-code in areas like
Lean Construction, Integrated Project Delivery, Building
Information Modeling (BIM), and Construction 4.0. For
instance, it would be interesting to analyze how low-code
platforms can interact with the Industry Foundation
Classes in BIM.

5.3 Computing literacy

Although low-code platforms are intended to be
intuitive, the citizen developer still requires some level of
technology literacy and basic data modelling knowledge
to deliver a working digital solution. This seems to be
contradictory with low-code platform vendors and
market research statements implying that basically
anyone can build applications without software expertise.
It is certainly true that any individual could use a low-
code platform to build digital solutions. However, the
realization of the value of a particular solution relies on
how it fits the organizational context, processes, and
people interacting with the technology [38]. The role of
the citizen developer is therefore key for this purpose and
discussions about training programs to equip them with
the required skills already started in modern industrial
engineering and project management education [17, 39].
In this aspect, exploring what are the necessary skills and
competences of a citizen developer to leverage low-code
in the context of the construction industry offers an
interesting area for further research.

5.4 Traditional versus low-code programing

Low-code development is commonly positioned as a
faster and more cost-effective alternative to conventional
coding practices. While it is undeniable that low-code
offers apparent advantages when compared to traditional
approaches, such as the expedited elicitation of
requirements leading to potential reductions in both
development time and costs, it is crucial to acknowledge
the limited body of literature establishing robust
foundations for these statements. Estimating software
development time and cost is challenging considering the
many variables to consider [40], and traditional
approaches may not suit the emerging low-code
development paradigm [41]. Conducting a comparative
analysis between traditional and low-code programming,
with a focus on predefined parameters such as time and
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cost, presents a great opportunity for future research.

6 Limitations

The study's findings are derived from a single case
using a specific low-code platform. To generalize these
results, additional studies with similar contexts are
needed. In the case study, the project team streamlined
the digitalization process by already having a low-code
platform integrated into their internal organization’s IT
system, eliminating the need for evaluation and
introduction.

7  Conclusions

The paper contributes to the emerging body
knowledge related to low-code use in the construction
context by documenting the development and
implementation of a novel low-code based application to
track project progress.

By lowering the technical barriers to programing,
low-code enabled the involvement of people closer to
operation in the development process. This enables
productive development practices and agility to derive
and application that meets the requirements of the project
user and facilitates the adoption of the technology on-site.
The implementation of the low-code based application
allowed significant reduction of the manual work
required to capture and process data in the reporting
process. Promising results emerge in leveraging low-
code for construction operations digitalization. However,
it's crucial to address and explore limitations in
customization, scalability, and organizational aspects
associated with low-code implementation. The novelty of
this topic also allows the identification of several areas
for further research. For instance, overlaps with Lean
Construction, Integrated Project delivery, Building
Information Modeling, and Construction 4.0. are
interesting areas for future research.
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