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Abstract

As organizations face increasing pressure for digital agility, Low-Code and No-Code
Platforms (LCP/NCP) have emerged as a primary drivers for the democratization of
software development. However, the current lack of terminological consensus com-
plicates the synthesis of research findings and obscures strategic decision-making
in practice. This paper addresses this conceptual fragmentation by conducting a
Systematic Literature Review (SLR) and graph-based analysis of 383 definitions
from 306 publications published between 2014 and 2025. Through word frequency
and conceptual synthesis, the study establishes a consistent conceptual foundation
for the field. It characterizes LCPs as process-oriented environments that enable
both professional and citizen developers to leverage model-based approaches and
minimal coding. Conversely, NCPs are defined as platforms that empower users
without programming knowledge by eliminating code-based programming entirely
through visual, drag-and-drop interfaces. The analysis further identifies a shift from
instruction-based to intent-based development, influenced by emerging trends such
as agentic-Al and “vibe coding”. By mapping 10 identified system classes across
a functional taxonomy, this research offers a strategic framework for researchers to
build a cumulative body of knowledge and for practitioners to mitigate the risks of
shadow IT and technical debt in the era of hyperautomation.
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A. Abendroth

1 Introduction

Low-Code and No-Code platforms (LCP/NCP) are integrated toolsets designed to
empower both professional developers and non-developers to rapidly create business
applications with minimal effort (Adrian et al. 2020; Bock & Frank 2021; Rymer et
al. 2019; Waszkowski 2019). These platforms significantly reduce reliance on tradi-
tional coding by enabling users to develop applications through visual and declara-
tive tools, such as drag-and-drop interfaces and graphical templates (Bock & Frank
2021; Metrélho et al. 2019; Rymer et al. 2019; Sahay, Indamutsa et al., 2020; Tot-
terdale 2018).

As these platforms democratize software development, their exploration repre-
sents a relatively new but rapidly expanding field in both industry and academia,
as demonstrated by a substantial increase in related publications over recent years
(Goasduff 2021). Reflecting this growth, analyst firms such as Gartner forecast that
by year 2026 over 80% of organizations will be utilizing LCP/NCP in some capac-
ity (Gartner 2022). The global LCP market is forecast to amount to approximately
65 billion U.S. dollars by 2027 (Vailshery 2024). Beyond accelerating application
creation, LCP/NCP are essential drivers of hyperautomation, the technology-driven,
end-to-end automation of complex business processes within digital transformation
efforts (Piridi et al. 2025). Hyperautomation integrates technologies such as Robotic
Process Automation (RPA), Machine Learning (ML), and Artificial Intelligence (Al),
with LCP/NCP serving as a key enabler (Haleem et al. 2021; Piridi et al. 2025).
Recent advancements such as agentic-Al (Matvitskyy et al. 2025), vibe coding, and
other emerging trends further extend the potential of LCP/NCP in automation strat-
egies when working together (Gadde 2025; Ray 2025). The consideration of new
technologies for LCP/NCP is essential, as they continuously redefine automation
capabilities and ensure that organizations remain competitive. Research has already
examined various aspects of LCP/NCP, including their technical features, compara-
tive analyses, drivers, and inhibitors (Késs et al. 2022) as well as their feasibility and
usability (Pinho et al. 2023). Moreover, research has encompassed a multitude of
applications, including ML (Li & Wu 2022) the construction industry (Martinez &
Pfister 2023), small and medium-sized enterprises (SMEs), and blockchain technol-
ogy (Curty et al. 2023). Despite these endeavors, the integration of this knowledge
across multiple domains remains fragmented.

However, the overarching concept of LCP/NCP remains abstract and challenging
to grasp, with multiple interpretations complicating the terminology (Pinho et al.
2023). This conceptual ambiguity is not merely a linguistic issue but a fundamental
barrier to the field’s maturity. This research derives its importance from addressing
the two-fold challenge created by this conceptual fragmentation. First, for the aca-
demic community, the absence of a coherent understanding and a standardized con-
ceptual framework significantly hampers the advancement of research in this area.
Without uniform definitions, the researchers faces difficulties in replicating studies,
comparing findings, and building a cumulative body of knowledge, rendering much
of the existing literature siloed and non-transferable. Second, for organizational
decision-makers, this terminological confusion creates significant strategic risks in
procurement and governance. Without a clear distinction between platform capabili-
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ties, organizations risk investing in technologies that are ill-suited for their specific
functional requirements or technical debt profiles.

It is therefore critical to establish a common understanding of LCP/NCP to enhance
communication and collaboration among researchers and to foster the development
of robust theoretical models and practical applications. This paper aims to address
these issues by offering a comprehensive understanding of what precisely defines
LCP/NCP, how definitions change over time and how new technology advances rel-
evant for both definitions. The divergences in understanding and the disparate nature
of existing research emphasize the existing gaps in the field. To address these gaps,
the following research questions (RQ) were formulated:

e RQI1: Which scientific and science related definitions of the terms LCP and NCP
do exist?

e RQ2: How do these definitions change over time?

e RQ3: How can the term LCP and NCP be uniformly defined?

e RQ4: What differentiates LCP and NCP?

This paper begins by introducing and categorizing the underlying technologies and
background concepts that enable LCP/NCP (chapter 2). It then outlines the research
methodology, detailing the scope of the study, the database search strategy, criteria for
literature selection, and the analytical approach applied to the selected works (chapter
3). The subsequent section presents the findings of the literature review, focusing on
the definitions of LCP and NCP identified (chapter 4), followed by an examination of
how these definitions have evolved over time (chapter 5). Based on this analysis, new
definitions are proposed (chapter 6) and then systematically compared with existing
literature to identify key differentiations (chapter 7). Afterwards, the results are syn-
thesized by mapping identified platforms across a functional taxonomy, analyzing
organizational and technical implications, and proposing a strategic research agenda
for the field (chapter 8). Finally, the paper concludes by discussing the implications
for research and practice, addressing the study’s limitations, and summarizing the
core contributions and future directions for the field (chapter 9).

2 Theoretical background

LCP and NCP are the result of a long evolution in software development methods,
languages, and tooling, aimed at increasing productivity, reducing the need for man-
ual coding, and making application development accessible to a wider range of users
(Bucaioni et al. 2022). This historical progression is anchored in the diverse under-
lying technical foundations illustrated in Fig. 1. To understand their conceptual and
technical foundations, it is necessary to revisit several key developments in program-
ming language generations, software engineering approaches, and end-user develop-
ment (EUD) paradigms.

An important perspective on this evolution is provided by the concept of the low-
code iceberg (Bucaioni et al. 2022). This metaphor highlights that what is most vis-
ible to end users and citizen developers are the simplified interfaces and abstractions
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Fig. 1 Underlying technical Foundation of LCP/NCP

offered by LCPs and NCPs. However, beneath this surface lies a large body of foun-
dational technologies and prior developments, including model-driven engineering,
workflow management systems, visual programming, and integration mechanisms,
which are discussed in the following sections.

2.1 Visual programming languages (VPL)

VPL trace their origins back to the 1970s, with early developments taking place
at research centers such as Xerox PARC (Skog 2005). VPLs enable programming
through the visual manipulation of elements like boxes, diagrams and arrows, rather
than purely textual code (Jost et al. 2014). They combine visual expressions with the
structured layout of text and graphics to facilitate the creation of software (Sanchis
et al. 2020). In contrast to LCP, VPLs focus primarily on graphical representations
such as boxes, arrows, and other diagrammatic elements (Bragg & Driskill 1994).
LCP, by comparison, are designed specifically for building applications and typically
integrate VPL as a front-end layer, supported by a more comprehensive develop-
ment layer that manages application logic, integration, and deployment (Sanchis et
al. 2020).

2.2 Programming language generations and 4GL

From the first generation (1GL) of machine languages in the late 1940s (Craven
2016; Hughes 2002) to the fourth generation of programming languages (4GL) in the
1980s, the history of programming has been marked by a continuous rise in abstrac-
tion levels (IEEE 1990; Kahanwal 2013; Nagy et al. 2011). While second-generation
languages used one-to-one translation to machine instructions with assembly (IEEE
1990; Kahanwal 2013), third-generation languages such as C, Java, or Pascal enabled
procedural and object-oriented programming (IEEE 1990; Kahanwal 2013), 4GLs
further increased productivity by offering database management, query languages,
report generators, and visual design tools (IEEE 1990; Kahanwal 2013; Nagy et al.
2011). Many 4GL systems, such as SQL-based platforms, LCPs like FileMaker or
NCPs like Bubble, made application creation more accessible to non-programmers
and are using concepts like declarative design and embedded visual modelling (Nagy
et al. 2011).
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2.3 Computer-aided software engineering (CASE) tools

In the 1980s, CASE tools emerged to support specific tasks within the software
production process, with the broader goal of covering the entire software develop-
ment lifecycle (Lundell & Lings 2004). These tools often took the form of integrated
workbenches that combined multiple development utilities into a single environment.
Many were object-oriented and supported visual modeling through notations such
as UML (Fuggetta 1993; Tarasiev et al. 2018). However, their adoption remained
limited because they were costly in terms of both software licensing and training
(Orlikowski 1993), often failed to fully address actual user requirements (Lundell &
Lings 2004) or are high complex (Sanchis et al. 2020).

Although adoption was more limited than initially anticipated, CASE is a funda-
ment for the integrated development environments and model-based editors found
in modern LCP/NCP, particularly with their focus on object-oriented modeling and
automated code generation (Cabot 2020; Martinez & Cisterna 2023).

2.4 Rapid application development (RAD)

The RAD methodology, introduced in the early 1990s, is an information systems
development approach aimed at delivering high-quality systems quickly and at lower
cost (Beynon-Davies & Williams 2003). The term was first introduced by James
Martin in 1991 (Martin 1991) and builds on Barry Boehm’s Spiral Model (Borch-
ers 2018). RAD employs an iterative development process emphasizing high-level
phases that revolve around rapid prototyping to refine requirements and solutions.
Rather than prescribing a fixed set of techniques, RAD allows for flexible adaptation
of methods to suit the needs of individual projects (Stapleton 1997). RAD influenced
LCP/NCP by embedding iterative design cycles, quick testing, and close user col-
laboration directly into development environments, thereby reducing time-to-market
(Lebens 2025).

2.5 Model-driven engineering (MDE) and related paradigms

A core technical foundation of LCP/NCP is MDE starting in the 1980s (Coutaz 2010),
which treats models as primary, machine-processable artifacts that drive the engi-
neering process (Cabot 2020; Hailpern & Tarr 2006). Model-Driven Development
(MDD), applies MDE principles to software development (Hailpern & Tarr 2006),
meaning that instead of writing most of the system directly in code, developers create
high-level models (such as diagrams or domain-specific descriptions) that are then
automatically transformed into executable software or configuration artifacts. Model-
Driven Architecture (MDA) is a specific MDD version defined by the Object Man-
agement Group (OMG) (Hailpern & Tarr 2006). Model-Based Engineering (MBE),
starting in the 1990s and getting traction in late 2000s (Akundi & Mondragon 2022;
Haskins 2011), uses models support rather than drive the process (Krouwel et al.
2022). In LCP/NCP, MDE principles underpin visual modelling, automatic code gen-
eration, and declarative development.
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2.6 End-user development (EUD) and citizen development

EUD arose in the 2000s extends software creation capabilities to non-professional
developers, enabling them to design, adapt, and maintain applications according to
their domain-specific needs (Lieberman et al. 2006). It involve the whole software
development lifecycle, including design and use, and goes beyond programming
activities (Barricelli et al. 2019). It distinguished itself from design by involving
users in the whole software lifecycle (Simonsen & Robertson 2013). A subset is End-
User Programming (EUP) enabling end users to create their own programs (Ko et
al. 2011) by writing programs using special-purpose or professional programming
languages such as C, Java or spreadsheets. End-User Software Engineering (EUSE)
add programming capabilities and systematic engineering practices to EUD enhanc-
ing debugging support, maintainability, and version control (Burnett 2009).

In the context of LCP/NCP, this evolution manifests in the concept of the “citizen
developer”, a business user with minimal coding skills who can create applications
through visual and model-driven tools (Carroll & Ajimati 2024; Di Ruscio et al.,
2022; Fattah-Weil et al. 2025; Sahay, Di Ruscio, et al., 2020). A modality within this
evolution is Programming by Demonstration (PBD), where users define logic not by
writing rules, but by performing a task that the system generalizes into a reusable
program, lowering the cognitive barrier for citizen developers (Hirzel 2023; Liu et
al. 2025).

2.7 Emerge of supplementary technologies

The evolution of LCP and NCP has not occurred in isolation but has been closely
intertwined with the advancement of complementary technologies that strengthen
their automation, integration, and adaptability capabilities. As organizations increas-
ingly pursue end-to-end process automation and digital transformation, these supple-
mentary technologies play a crucial role in expanding the functional scope of LCP/
NCP and enabling their seamless operation within complex enterprise environments.

Workflow management systems (WfMS) comprise a modeling environment that
enables the design of workflows, an administration client that supports monitoring
and control by workflow administrators, and user clients that provide access for end
users as well as integration with other applications (Gronau 2022, p. 295). LCP fre-
quently integrate WfMS functionalities, since workflows represent a critical com-
ponent. In this context, a workflow engine is typically incorporated together with a
modeling environment, enabling both the orchestration and the monitoring of work-
flows (Bock & Frank 2021; Kokala 2022). With WfMS components in LCP, often
non-technical users can bridge the gap between IT and business users empowering
domain experts to contribute directly to BPM (Kokala 2022).

Robotic Process Management (RPA) represents another technology that can be
integrated into LCPs. RPA is particularly useful for automating repetitive manual
tasks that occur when system interfaces are missing. In such cases, software robots
can, for instance, transfer data from one system to another, thereby reducing the need
for human intervention in routine processes. While LCPs can be applied to the devel-
opment of entirely new business applications, the integration of RPA focuses on auto-
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mating existing manual activities and bridging gaps where system interoperability is
not available (Noack & Fedtke, 2025, p. 43).

2.8 Artificial Intelligence (Al) and natural language

Al especially large-language models (LLM), introduces new interaction paradigms
in LCP, particularly through Programming by Natural Language (PBNL). These
prompt-based approaches, increasingly characterized in industry discourse as vibe
coding, enable users to generate applications by formulating natural language inputs
via text or speech, which are then used to automatically create both the user inter-
face and the underlying business logic in an initial step (Hirzel 2023; Kokala 2022;
Liu et al. 2025). The automatically generated proposal can subsequently be adapted
and refined by the user, allowing for an iterative and user-driven development pro-
cess. This approach integrates conversational interactions as a central mechanism
for building applications, further simplifying application design and development
(Lebens 2025; Stapleton 1997). Beyond application generation, Al-powered work-
flow automation supports predictive analytics (Bender et al. 2024) by anticipating
potential process deviations or optimization opportunities. Machine learning tech-
niques further enhance rule engines by analyzing historical data, thereby increasing
the adaptability and accuracy of business logic (Kokala 2022).

2.9 Synthesis of technical foundations

Taken together, these developments converge in modern LCP/NCP. They combine
high-level abstractions from 4GL, automation and modelling from CASE and MDE,
iterative delivery from RAD, and accessibility features from EUD and VPL. On a
conceptual level, this evolution enables a dual-user ecosystem where professional
developers utilize model-driven frameworks for architectural standardization, while
citizen developers leverage VPL and PBD to democratize application creation.

Contemporary LCP/NCP are no longer isolated tools but integrated environments
enriched by WfMS for orchestration and LLMs for natural-language synthesis. The
emergence of PBNL and vibe coding represents the most recent layer of the low-code
iceberg: a conversational interface that abstracts away the complexity of the underly-
ing CASE and MDE foundations (Bucaioni et al. 2022; Hirzel 2023; Liu et al. 2025).
Furthermore, Al agents extend these platforms by supporting adaptive and autono-
mous behaviors, thereby broadening the scope of LCP (Awasi 2025).

3 Methodology

To address the research questions at hand, relevant data was gathered, by conducting
a structured literature review (SLR) using the methodology proposed by vom Brocke
et al. (2009). In adhering to the principles outlined by Cooper (1988), the SLR has
been structured to ensure integration, neutrality, representative coverage, and histori-
cal, conceptual organization (Fig. 2). This paper has adopted a neutral perspective,
catering to both specialized and practitioners within the field of information systems
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[ Characteristic || Categories |
(1) Focus Research outcome Research methods Theories Application

(2) Goal Integration Criticism Identification of central issues
(3)| Perspective Neutral representation Espousal of position

(4)| Coverage Exhaustive Exhaustive and selective Representative Central/Pivotal
(5)| Organization Historical Conceptual Methodological

(6)] Audience Specialized scholars General scholars Practitioners General public

Fig. 2 Taxonomy of the SLR

and business informatics interested in LCP/NCP. The goal of this SLR is to integrate
the various definitions into two single definitions of LCP and NCP in a more accurate
way.

In this SLR, definitions and descriptions of the term LCP and NCP are systemati-
cally retrieved from the literature and presented to answer RQ1. To answer RQ2-4,
the definitions and descriptions are then systematically analyzed for the occurrence
of specific terms as shown in the definition analysis of Girard and Girard (2015) and
Ritterbusch and Teichmann (2023), in order to establish new holistic definition of
LCP and NCP and compared with existing literature.

3.1 Keyword and database definition

To comprehensively survey the literature, a systematic search across the following
nine bibliographic databases was conducted: ACM digital library, AIS electronic
library, dblp, iceeexplore, ProQuest, ScienceDirect, Springerlink, Web of Science
and Wiley online library. To query these databases a search string was developed and
as required, tailored for each database:

‘low-code’ OR ‘low code’ OR ‘no code’ OR ‘no-code’.

The search string was performed at the title level only to ensure relevance to the
LCP/NCP domain.

3.2 Inclusion and exclusion criteria

Studies were included if both of the following criteria were met:

(IC1) The study focuses on the field of LCP/NCP, either conceptually or through
the development of a specific solution using LCP/NCP; (IC2) the study was pub-
lished in a peer-reviewed journal, conference proceedings, made available through
scientific repositories or a report from an company institution.

Studies were excluded based on the following criteria:

(EC1) The publication is a thesis or dissertation; (EC2) is written in a language
other than English or German; (EC3) does not contain a self-made or extended defini-
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tion of LCP or NCP; and (EC4) only cites existing definitions without modifying or
extending them.

In this context, a self-made definition refers to a definition newly formulated by
the authors, based on their own reasoning or analysis. An extended definition refers
to a definition that builds on existing work by modifying, refining, or elaborating on
a previously published definition.

3.3 Conduction the search process

The search was initially conducted over a four-week period in April 2024 and was
subsequently updated in early February 2026 to ensure the inclusion of the most
recent scholarly contributions and technological advancements. A total of 1705 rel-
evant papers were obtained from the search process. In this context, each obtained
paper is referred to as a’hit’. The preliminary selection consists of hits that met the
criteria for inclusion in the study.

Initially, the database search produced a set of hits, where each hit represents a
publication identified during the search process across the databases. As a result, the
preliminary collection of literature consisted of 1705 hits. After removing duplicates,
the remaining record titles (n=1153) were screened, and ineligible records (n=454)
unrelated to the topic of LCP/NCP were excluded. After reviewing the abstracts of the
remaining records (n=699), 209 ineligible records were excluded due to their focus
on adjoining topics like process modeling related to LCP/NCP. Furthermore, efforts
were made to gather full texts (n=490), with some unavailable (n="72). After review-
ing the full texts of the remaining reports (n=418), 186 final hits were identified.

To finalize the selection of 186 final hits, a backward search was performed using
the tool citationchaser (Haddaway et al. 2021). The backward search resulted in 4122
hits after removing duplicates. After screening titles and abstracts with inclusion
and exclusion criteria (called hot pics), 315 hot pics remained. The full texts of the
remaining 315 search results were carefully reviewed, resulting in the identification
of 64 final hits (Fig. 3).

Employing the same methodology, a forward search in Google Scholar with initial
4651 hits was conducted. Titles and abstracts were screened, resulting in the elimi-
nation of 4559 papers. Full-text screening of the remaining 92 hot pics identified 56
additional final hits. In total, the SLR yielded 306 final articles. Out of the 306 final
articles, a total of 383 definitions were extracted: 286 for LCP and 97 for NCP. While
77 articles defined both definitions, 209 articles only defined LCP and 20 article only
defined NCP (Fig. 4).

3.4 Data preparation

For the analysis, a table was constructed to encompass the type of definition (own,
extended), description of the definition, used source references for the extended
definitions as well as various metadata fields, including publication title, year pub-
lished and outlet. If mentioned, differences and similarities between LCP and NCP
where noted. To support a subsequent network analysis, it was also recorded which
definitions referenced others within the final pool of 306 studies. This allowed for

@ Springer



A. Abendroth

Phase 1 - Defining Hits

Database Hits
ACM digital library 105

AIS electronic library 75
dblp 444
ieeeexplore 236
ProQuest 150

ScienceDirect 72
Springerlink 282
Web of Science 325

Wiley online library 15
Total 1705

'

Phase 2 - Filtering Hits and Defining Final Hits

Hits

Without Duplicates

Records after reading title

Records after reading abstract

Records after getting full text

Final Hits after reading full-text

v

Phase 3 - Backwards Search

315

l Final Hits |—( 64

4651

Fig.3 Seach Process
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383

NCP
LCP LCP/NCP

Fig. 4 Distribution of LCP and NCP definitions from Articles

tracing the relationships between definitions and identifying frequently cited source
definitions.

3.5 Analysis procedure

The collected definitions and descriptions systematically following the definition
analysis of Girard and Girard (2015) and Ritterbusch and Teichmann (2023) were
examined and then synthesized using word frequencies to answer RQs.

For this purpose, the text parsing library spaCy (Explosion Al GmbH et al. 2025)
for the Python programming language was used. In the first step, each definition
was tokenized into individual words. In the second step, all special characters were
removed. In the third step, the spaCy’s standard stop word list was used to filter out
common words that do not contribute meaningfully to the content. Additionally, these
domain-specific terms “low-code”, “low code”, “no-code, ” and “no code” were also
removed as they are intrinsic to the topic and would otherwise dominate the results.
In the fourth step, all remaining words were lemmatized, reducing them to their root
forms to allow for consistent comparison. In the fifth and final step, duplicate words
within each definition were removed so that each word would be counted only once
per definition.

Importantly, this process was conducted separately for LCP and NCP definitions,
resulting in two distinct word lists for analysis. In addition to the base frequency
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analysis, the paper also experimented with weighting methods inspired by Ritter-
busch and Teichmann (2023). Specifically, different weights based on the recency of
the publication year, the type of definition (self-made or extended), and the number of
mentions a definition received within the corpus was applied. However, the results of
the weighted analysis closely mirrored those of the unweighted word counts. There-
fore, it was decided to proceed with the simpler, more transparent method based
solely on absolute word frequency.

4 Which scientific and science related definitions of the terms LCP
and NCP do exist (RQ1)

The timeframe for the analysis was defined based on the evolution of terminology.
Although an earlier source from Mendix around 2010 still referred to the concept as
MDD (Henkel & Stirna 2010), the terms LCP were first coined by Forrester in 2014
(Richardson & Rymer 2014). Consequently, this SLR prioritizes the period from
2014 to December 2025 to capture the era in which LCP and NCP became established
both as academic constructs and management paradigms. All analyzed definitions of
LCP and NCP are available in the supplementary material 1.

The final corpus yielded a total of 306 unique definitions and descriptions. The
volume of definitions remained marginal until 2019, followed by a period of growth
(Fig. 5).

When examining the publication dates of LCP and NCP definitions, the earliest
definitions of LCP appeared in 2010, while the first definitions of NCP emerged in
2019.

75|  Definition
== LCP

= LCP/NCP
=== NCP

Count

Publication Year

Fig.5 Yearly distribution of final articles grouped by Definition

@ Springer



The democratization of software engineering: evolution, definition,...

LCP definitions represent the primary focus of the literature, accounting for
approximately 75% (n=286 out of 383) of the total extracted material. In contrast,
NCP definitions constitute 25% (n=97) of the overall definitions.

4.1 LCP definitions

Of the 286 LCP definitions, 28,7% (n=82) were original conceptualizations, while
71,3% (n=204) were extended definitions. This high ratio of extension suggests a
maturing consensus where authors build upon established definitions. The most defi-
nitions emerged in the year 2023 with 70 definitions and 2022 with 49 definitions

(Fig. 6).
4.2 NCP definitions

For the 97 NCP definitions, the split was more balanced: 46,4% (n=45) were origi-
nal conceptualizations and 53,6% (n=52) were extensions (Fig. 7). Most definitions
were published in 2024 with 23 definitions and 2022 with 20 definitions.

The most frequently used definitions are presented in the next chapter, based on an
analysis of their temporal distribution and citation frequency within the pool of 306
articles and its corresponding 383 definitions. All analyzed definitions of LCP and
NCP are available in the supplementary material.

Definition type
extended
own

70 4

65

60

551

50 4

45

40

Count

351

30 A

254

204

15 A

10 A

o o o> v ]
3> SV v SV v SV
Publication Year

,Lo'\o N\ Wo'v ,\9\’@ ,‘90 '19\’%
Fig.6 Yearly distribution of own and extended LCP definitions
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Definition Type
extended
own

204

154

Count

10 4

N 92
v v Vv
D Dy o S
Publication Year

1@,‘” E
Fig.7 Yearly distribution of own and extended NCP definitions

5 How does LCP/NCP definitions change over time (RQ2)

To examine the evolution of definitions for LCP/NCP, two distinct timeframes were
selected: before 20142019 and 2020-2025. These periods were chosen based on
significant developments in the conceptualization and market traction of LCP/NCP.
The first timeframe, before 2014-2019, corresponds to the dawn of LCP terminol-
ogy, coined around 2014, and captures the emergence of early definitions. The second
timeframe, 2020-2025, reflects a period of rapid growth and broader adoption, where
definitions expanded and diversified alongside technological advances and increas-
ing industry impact. For each timeframe, up to the three most frequently cited refer-
ences in the network graph within the collected literature were identified and analyze
(Table 1).

5.1 LCP definitions before 2014 to 2019

The early framing of LCPs focused on the shift from manual, code-centric program-
ming to visually driven application creation. Waszkowski (2019), Richardson and
Rymer (2014) and Tisi et al. (2019) emphasized how LCPs enable RAD through
graphical user interfaces rather than traditional hand-coded techniques. Primary
functionalities were listed as support for databases, business processes, and user
interface design, grounded in concepts of 4GL and RAD methodologies, with an
explicit reduction in time spent troubleshooting code. The definition also situated
LCP as a novel programming approach introduced around 2011, marking its emer-
gence as a new paradigm (Waszkowski 2019).
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Table 1 Timeframes and most Type Timeframe References # Network
cited LCP/NCP sources from references
network analysis LCP  Before Waszkowski (2019) 28
2014 to Richardson and Rymer 27
2019 (2014)
Tisi et al. (2019) 19
From 2020  Sahay, Indamutsa, et al. 44
t0 2025 (2020)
Di Ruscio et al. (2022) 25
Sanchis et al. (2020) 25
NCP  Before Vincent et al. (2019) 13
2014 to Hyun (2019) 5
2019
From 2020  Hurlburt (2021) 5
to 2025 Woo (2020)
Lethbridge (2021) 3

Tisi et al. (2019) in this period described LCPs as cloud-based PaaS systems,
which allowed users to build complete applications through dynamic graphical user
interfaces, visual diagrams, and declarative languages. The role of citizen develop-
ers was acknowledged, though professional developers still formed part of the target
group. LCPs were described for their suitability to domain-specific application types,
such as databases, mobile, process automation, and request management, and antici-
pated growth in fields like IoT.

Richardson and Rymer (2014) focused on the promise of rapid delivery and mini-
mal hand-coding, necessary for systems of engagement, with attention to setup and
deployment speed.

5.2 LCP definitions from 2020 to 2025

In the later timeframe, definitions reveal a marked increase in theoretical maturity
and architectural detail. Sahay, Indamutsa, et al. (2020) is describing LCPs as cloud-
native software platforms supporting developers across diverse domain knowledge
and expertise levels, with ready-for-production deployment as a core outcome. The
architecture is typically multi-layered, integrating graphical modeling, data and ser-
vice connections, deployment infrastructures, and back-end components. They build
on model-driven engineering, automatic code generation, declarative languages, and
cloud infrastructures to promote automation and abstraction. Key features include
graphical interfaces, interoperability with external systems, security, collaborative
and agile-oriented development, reusable templates, and scalability. Collectively,
these enable the structured design and deployment of business logic (Lieberman et
al. 20006).

Sanchis et al. (2020) also anchor LCPs in enterprise agility, stating that firms adopt
low-code for rapid, test-and-learn delivery, leveraging prefigured components and
visual interfaces to minimize engineering complexity and cost while accelerating
response to market and internal needs.

Beyond these platform-centric perspectives, Di Ruscio et al. (2022) explicitly posi-
tion LCP within the broader landscape of model-driven engineering. They concep-
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tualize LCP as cloud-based environments that use visual and declarative techniques
to minimize manual coding, integrate lifecycle management (LCM) and deployment,
and thus make development accessible to both technical and non-technical users.

5.3 Emerge of NCP

The conceptualization of NCP has experienced notable development over time. Only
some cited definitions from the periods before 2014 until 2019 exist then an emerged
happened from 2020 to 2025 highlight shifts in focus from technical underpinnings
to user experience and application range.

5.4 NCP Definitions before 2014 to 2019

In the period before 2020, NCPs were not widely conceptualized as independent cat-
egories. The prevailing view, as found in Gartner’s definition (Vincent et al. 2019),
considered NCPs as a subset or marketing expression within the broader LCP market.
Under this model, the technical foundation for both LCP and NCP was visual model-
ing and configuration, the core difference lying in user exposure to code rather than
platform capabilities. LCP were understood as runtime environments for applica-
tion logic, incorporating LCM and enterprise-grade characteristics such as reliabil-
ity, scalability, security, and integration with APIs and cloud services. Vincent et al.
(2019) described LCPs (including NCPs) as systems that facilitate rapid develop-
ment and one-step deployment via declarative, high-level abstractions, supporting
user interfaces, business logic, and data services, but cautioning that improvements in
productivity often came at the expense of portability and vendor neutrality.

A second contemporary definition (Hyun 2019) characterized NCPs as specialized
LCP clouds leveraging special visual components for industry-, business-, or brand-
ing-specific functions. The main distinction highlighted was the required skill level:
no-code enabled business users to build applications via visual methods, whereas
LCP still required developers for backend integration and compatibility with other
enterprise systems.

5.5 NCP definitions from 2020 to 2025

By 2020, the concept of NCPs had evolved, with a surge in both academic and com-
mercial interest. Leading definitions now emphasized user empowerment, ease of
use, and the democratization of application development.

Woo (2020) framed NCPs as environments enabling users to create web and
mobile applications by dragging and dropping elements, eliminating the need for
traditional coding. This definition expanded the historical context, positioning no-
code development as the natural continuation of programming abstractions, from
assembly to spreadsheets and What You See Is What You Get (WYSIWYG) design.
Newer platforms began to integrate Al features, providing intelligent assistants and
recommendations, marking a substantial shift in the platform’s intelligence and user-
centric design.

@ Springer



The democratization of software engineering: evolution, definition,...

Lethbridge (2021) further broadened the scope, describing NCPs as platforms that
include a wide spectrum of configurable business applications, ranging from content
management and e-commerce to spreadsheet-based analytics and automation. The
core functionality was described as graphical and form-based user interfaces, which
allowed users to select, connect, and configure elements from both native and third-
party libraries. This version of NCP moved definitively beyond mere IT enablement,
cementing the term’s association with broad business utility for end-users.

Hurlburt (2021) shows the distinction: NCPs permit citizen developers to build
enterprise Software as a Service (SaaS) application with little or no programming
skills, typically through WYSIWYG environments designed for process automation.
The emphasis moved decisively away from enterprise IT concerns toward process
usability, breadth of user adoption, and accessibility.

6 Defining LCP and NCP (RQ3)

After collecting and preparing all definitions, the next step focuses on analyzing their
content to uncover shared conceptual patterns. This chapter therefore presents the
linguistic and semantic structure of the collected definitions of LCP and NCP. The
aim is to identify the most common terms, explore how they relate to one another,
and derive a consolidated definition that reflects the core characteristics found across
the literature.

6.1 Defining LCP definition

The following excerpt (Table 2), which includes the 30 most frequently occurring
words for LCP, highlights terms that appeared at least 79 times across the analyzed
definitions. Based on this set, a simplified and holistic definition can be constructed
by integrating all terms that meet this frequency threshold. To improve clarity and
avoid redundancy, semantically similar terms were consolidated. In this context,

Table 2 Definitions on the term Word Quantity Word Quantity

LCP Development 245 Model 104
Application 234 Tool 103
Platform 225 Drag 103
Software 179 Program 100
User 176 Component 99
Use 173 Provide 99
Visual 137 Drop 98
Interface 136 Allow 97
Developer 132 Programming 94
Business 128 Build 92
Code 126 Approach 90
Process 114 Environment 86
Create 111 Graphical 86
Develop 110 Base 85
Enable 105 Language 77
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LRI

“build” represents both “build” and “create”, “enable” stands in for both “enable”
and “allow”, and “visual” is used to encompass both “visual” and “graphical”.

To gain a deeper understanding of how specific terms are used in relation to one
another, all identified words were examined within the context of their original defi-
nitions. The aim was to interpret not just their frequency, but also their semantic
usage and associative meaning. For example, the term “user” frequently appeared in
the phrase “user interface”, while “developer” was often used in reference to “citizen
developers” and professional developers. Taking these contextual relationships into
account, the following definition was derived:

Low-Code platforms are software application development platforms that enable
professional and citizen developers to build business tools through visual user inter-
faces with minimal coding. These platforms use process-oriented development by
providing model-based approaches and environments, drag-and-drop functionality
and reusable components without the need for programming languages.

Sahay, Indamutsa, et al. (2020) was the most frequently referenced source for
extended definitions in the network analysis, appearing 44 times within the pool of
286 LCP definitions, followed by Waszkowski (2019) with 28 times.

Sahay, Indamutsa, et al. (2020) describes LCP as cloud-based environments that
enable developers with varying levels of technical expertise to build complete appli-
cations. Their definition emphasizes MDE, automatic code generation, and the use of
declarative and high-level abstractions. Their framework is structured into four layers
which are grouped and three tiers. The layers are the application layer including a
toolbox and widgets, the service integration layer for external services, the data inte-
gration layer linking data like databases and spreadsheets, and the deployment layer
for cloud or local infrastructures. On the server side, code generation, compilation,
optimization, and services manage business logic, data models, and security rules to
support efficient application delivery. The tiers are grouped into application modeler,
the server side and integrating of external services.

In contrast, the definition derived in this study also highlights the dual user group
of professional and citizen developers, the use of visual interfaces, model-based
approaches, and reusable components. However, the definition from Sahay, Inda-
mutsa, et al. (2020) places more emphasis on the architectural features of a LCP.
Therefore, while both definitions share key ideas such as visual development and
model-based abstraction, the definition by Sahay, Indamutsa, et al. (2020) provides
a more technical and structural perspective, whereas the definition derived from the
analyzed corpus offers a more user-centric and functional view of LCP characteristics.

Waszkowski (2019) defines LCP as tools that rely on graphical user interfaces
instead of traditional hard-coded programming. They focus on developing databases,
business processes, and web-based user interfaces. Grounded in the principles of
4GL and RAD, LCPs allow developers to concentrate more on design and function-
ality than on syntax. This reduces development time and simplifies troubleshooting.

While Waszkowski (2019) emphasizes the roots of LCP in 4GL and RAD, with a
strong focus on graphical user interfaces for designing databases, business processes,
and web-based frontends, the definition derived in this study takes a broader per-
spective. It highlights the dual role of citizen and professional developers, stresses
visual user interfaces, and integrates process-oriented, model-based approaches with
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reusable components, thereby reflecting a more comprehensive and practice-oriented
understanding of LCP.

In conclusion, the analysis shows that LCP definitions consistently emphasize
visual development, model-based approaches, and minimal coding to support both
professional and citizen developers. While Sahay, Indamutsa, et al. (2020) focus on
the architectural and technical foundations of LCP, and Waszkowski (2019) high-
lights its process-oriented and design aspects, the definition derived in this study
combines these perspectives. It captures both the technical foundation and the user-
oriented character of LCP, positioning it as a bridge between professional software
engineering and accessible application development.

6.2 Defining NCP definition

The following excerpt (Table 3), consisting of the 30 most frequently occurring words
for NCP, presents terms that appeared at least eight times in the analyzed definitions.
Based on this set, a simplified and holistic definition can be derived by incorporating
all terms that meet this frequency threshold. To ensure clarity and avoid redundancy,
semantically similar terms were consolidated. Specifically, “develop” is used as a
representative for “develop”, “build” and “create”, “enable” serves as a proxy for
both “enable” and “allow”, and “visual” encompasses both “visual” and “graphical”.

To gain a deeper understanding of how specific terms are used in relation to one
another, all identified words were examined within the context of their original defi-
nitions. The aim was to interpret not just their frequency, but also their semantic
usage and associative meaning. For example, the term “user” frequently appeared
in the phrase “user interface”, while “code” was often used in reference to eliminate
coding. Taking these contextual relationships into account, the following definition
was derived:

No-code platforms are software application developments platforms that enable
users to develop business tools through visual user interfaces, without writing code
or requiring programming knowledge like a developer. These platforms provide drag-

Table 3 Definitions on the term Word Quantity Word Quantity

NCP Application 59 Drag 28
Development 55 Business 28
Platform 48 Require 28
User 45 Enable 27
Tool 36 Drop 26
Use 34 Build 26
Software 34 Knowledge 26
Code 34 Provide 25
Developer 33 Develop 24
Without 32 Component 22
Programming 32 Approach 22
Visual 31 Environment 22
Interface 30 Allow 20
Create 30 Process 20
Program 29 Base 20
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and-drop approaches, reusable components and process environments, eliminating
the need for code-based programming.

The most frequently cited extended definition in the network analysis was Vincent
etal. (2019) referenced in nine instance in the pool of 65 definitions followed by Woo
(2020) with seven times.

Vincent et al. (2019) describe NCP as a marketing term rather than a separate tech-
nology. They see NCP as a subset of LCP enabled by visual modeling and typically
aimed at non-developers or citizen developers. Technically, NCP shares the same
foundations as LCP, including model-driven development and LCM. The key distinc-
tion lies in user focus and abstraction level, not in core functionality.

Woo (2020) frames NCP and LCP as a natural evolution of programming, continu-
ing the trend toward more intuitive development seen since the shift from assembly to
high-level languages. It highlights the use of drag-and-drop interfaces and predefined
components as core features. Moreover, it notes that some platforms now integrate
Al to provide data-driven suggestions, making app creation even more accessible and
intelligent.

The analysis of NCP definitions highlights their focus on accessibility, automation,
and visual development. The results show that NCPs empower non-technical users to
create business applications through intuitive interfaces and reusable components. In
line with Vincent et al. (2019) and Woo (2020), NCP emerges as an evolution of LCP
distinguished by a higher level of abstraction that eliminates the need for coding.

7 Comparing LCP and NCP definitions (RQ4)

When comparing LCP and NCP based on the derived definitions, several similarities
and differences become apparent.

Regarding similarities, both LCP and NCP can be classified as software appli-
cation development platforms. They incorporate drag-and-drop functionality, which
supports intuitive interaction during the development process. Furthermore, they
rely on visual user interfaces that abstract away much of the technical complexity
of traditional programming. Both approaches also make use of reusable components
and component libraries, which increase efficiency and modularity in application
creation. Finally, they share the characteristic of enabling new groups to engage in
development: while NCPs provide enablement for users without technical expertise,
LCPs extend this possibility to both citizen developers and professional developers.

In contrast, several differences can be identified. With respect to the user group,
NCPs are directed primarily at end-users without programming knowledge, whereas
LCPs explicitly target citizen developers as well as professional developers.
While both incorporate process orientation, LCPs emphasize explicit model-based
approaches and structured development environments for complex business process
design, whereas NCPs provide abstracted process support through predefined com-
ponents and templates.
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7.1 Comparison of literature perspectives for LCP and NCP differences

Furthermore, during the data collection phase, differences in LCP and NCP were col-
lected from papers, if these were directly mentioned. Beyond the comparison derived
from the definitions, the literature reveals further differences in how LCP and NCP
are conceptualized.

For instance, Curty et al. (2022) and Avishahar-Zeira and Lorenz (2023) posi-
tion NCP as a subset of LCP. In this perspective, NCP represents a more abstract
level where code is entirely hidden from the user, whereas LCP requires minimal but
still some programming knowledge. This view stresses continuity rather than a strict
dichotomy between the two approaches.

At the same time, the literature points to a certain ambiguity in terminology.
Di Ruscio et al. (2022) notes that while the term NCP is widely used in market-
ing contexts, some market analysis firms oppose using it as a distinct category like
Gartner coining this (Vincent et al. 2019). Instead, LCP and NCP are often treated
interchangeably, and in some contributions, only the term LCP is used. This reflects
that the distinction between LCP and NCP is not only technical but also discursive,
shaped by the market context and research perspective in which the platforms are
examined.

Other contributions argue for a clearer differentiation. According to Picek (2023)
and da Cruz et al. (2021) LCP require at least a certain level of programming knowl-
edge and are therefore intended for developers, while NCP remove coding altogether
and can thus be used by everyone. Similarly, Favre et al. (2023) emphasizes that NCP
embody the principle of simplicity over expressiveness, offering fewer features to
ensure usability for lay persons. In contrast, LCP focus on enhancing functionality
and extensibility for more advanced users.

Further distinctions are drawn regarding technical capabilities. DeSilva, et al.
(2023) highlights that both approaches share visually integrated development envi-
ronments and support for business application creation. However, LCP supports
application integration and customization, while NCP does not. As a result, NCP is
associated with lower costs, simplicity of use, and limited customization, whereas
LCP is connected to higher costs, greater complexity, and extensive customization
possibilities. Dobler et al. (2022) and Abdul Razak et al. (2024) also underline that
LCP enables the modeling of more complex solutions, whereas NCP remains con-
strained to simpler implementations.

8 Discussion and future work

8.1 Summary of findings

8.1.1 Technological evolution of LCP and NCP: from MDE to Al integration

This SLR analyzed the conceptual evolution and linguistic foundations of LCP and

NCP from 2014 through end of 2025. Our analysis reveals that these platforms are
not isolated technological phenomena but are deeply grounded in the historical para-
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digms of MDE. By abstracting requirements into domain models and automating
code generation, LCPs and NCPs enable a fundamental shift in software engineer-
ing: moving the focus from technical implementation to business logic (Cabot 2020;
Hailpern & Tarr 2006). Beyond their MDE foundations, the integration of visual
programming (Jost et al. 2014) and RAD principles marks a pivotal moment in the
democratization of IT. By reducing the reliance on extensive syntax-based program-
ming expertise, these paradigms have lowered the barrier to entry for citizen devel-
opers by reducing the need for extensive programming expertise an making shorter
development cycles (Beynon-Davies & Williams 2003). The significance of this
evolution lies in the convergence of development accessibility and Cloud Infrastruc-
ture. As LCM and maintenance move to centralized, cloud-based environments, the
traditional friction between business needs and IT delivery is minimized (Di Ruscio
et al., 2022). Centralized deployment and management through the cloud facilitate
continuous updates, easier scalability, and simplified administration. This shift does
not merely improve platform usability, it fundamentally redefines enterprise agility.

Beyond these foundational technologies, emerging developments such as Al are
further extending the functional scope of LCP and NCP. LLMs assist users by gen-
erating interface elements and enabling natural-language queries that access under-
lying databases through the model context protocol (MCP). This capability allows
users to retrieve analytical summaries or reports directly in natural language (Jiang
& Hu 2025). New interaction paradigms such as vibe coding complement rather than
replace LCP and NCP, as they introduce conversational and Al-assisted develop-
ment that can be seamlessly integrated into existing LCM frameworks (Gadde 2025).
Owing to their mature LCM structures, LCP and NCP are well positioned to incorpo-
rate vibe coding functionalities while ensuring that applications remain maintainable
and controllable within enterprise environments.

The integration of agentic Al represents a fundamental shift from instruction-based
development to autonomous decisioning. These Al agents operate within adaptive
systems to handle complex, manual tasks, significantly enhancing the quality of deci-
sion support and process automation (Jiang & Hu 2025). This transition is epitomized
by the emergence of vibe coding and natural-language prompting, which reposition
the development focus from manual Ul design to conversational intent. Ultimately,
the fusion of Al with LCP/NCP environments enables systems to learn and reason
beyond predefined rules, transforming platforms from simple execution engines into
intelligent, autonomous agents of enterprise automation (Viswanadhapalli 2025).

8.1.2 Conceptual emergence and institutionalization of LCP and NCP

The analysis of sources reveals that the term low-code became widely established
primarily through the influence of research and consulting firms such as Gartner and
Forrester (Di Ruscio et al., 2022). These institutions played a role in disseminating
the terminology through market studies. However, it is evident that many companies
had already developed platforms and tools that embodied the principles of today’s
LCP and NCP long before the terminology was introduced (Bock & Frank 2021). The
classification and conceptual framing by the consulting firms subsequently provided
a unified vocabulary that shaped both market perception and research discourse.
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As a result, the topic gained sharper definition, leading to the emergence of numer-
ous start-ups and platform developments that have since broadened the diversity of
the ecosystem and accelerated technological innovation in this field (Bock & Frank
2021; Di Ruscio et al., 2022).

8.1.3 Defining LCP and NCP

The core of our findings is the derived differentiation between LCP and NCP based
on their semantic usage in the literature. NCPs emerge as highly abstracted soft-
ware environments to develop business applications via visual interfaces designed to
democratize development for non-technical citizen developers (Abendroth & Bender
2025) by eliminating manual coding entirely through drag-and-drop mechanisms
and predefined components. Because NCP are tailored to users without program-
ming experience, they depend heavily on predefined components, connectors, and
templates to facilitate rapid onboarding. Consequently, providers must emphasize
comprehensive documentation, guided training, and accessible process libraries or
marketplaces to support effective use (Abendroth & Bender 2025).

In contrast, LCP are designed to support both professional and citizen developers.
They enable application creation through visual modeling while allowing extensions
using conventional programming languages. LCP combine model-based develop-
ment, process orientation, and integrated environments that balance visual design
with the flexibility of manual coding. This definition is consistent with the majority of
academic and industry sources, which characterize LCP as hybrid systems bridging
traditional programming and visual modeling (Cabot 2020; Hailpern & Tarr 2006).
Unlike NCP, LCP target heterogenecous user groups with varying technical exper-
tise. Professional developers use them to accelerate development and standardize
architectures, while non-professional users benefit from abstraction mechanisms that
lower technical barriers.

Conversely, LCPs act as hybrid systems that bridge traditional programming and
visual modeling, targeting a heterogeneous user group that includes both profes-
sional developers seeking architectural standardization and business users requiring
extensibility (Cabot 2020). Rather than strictly separate categories, the analysis sug-
gests these platforms exist on a continuum of accessibility and extensibility. This
distinction is further complicated by market specializations, such as Business Pro-
cess Automation (BPA) and Integration Platforms as a Service (iPaaS), which vary
significantly in their technological focus and the complexity of tasks they perform
(Baumgarten et al. 2025). Historically, the field experienced a gradual initial ascent in
conceptual interest, which has recently transitioned into a period of rapid exponential
growth and institutionalization.

8.1.4 Market and user role differentiation of LCP and NCP
The distinction between LCP and NCP becomes particularly evident when consider-
ing user roles and their interaction with programming languages. While NCP are pri-

marily oriented toward business users who do not engage in coding, LCP provide an
optional coding layer that enables experienced users to implement customized logic
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or integrate external systems. This structural difference reflects the dual objective of
LCP to promote both accessibility and extensibility. Consequently, LCP and NCP
should be viewed as points on a continuum rather than as strictly separate categories,
since many commercial solutions combine features of both approaches.

The analysis further reveals that both ecosystems exhibit multiple market special-
izations. These specializations can be differentiated according to their technological
and functional focus, such as data processing, business and process logic, or system
integration (Baumgarten et al. 2025). At the same time, LCP and NCP differ consider-
ably in their target audiences. NCP primarily address business users and non-experts
seeking to automate simple workflows, whereas LCP target a broader range of users,
including professional developers and consultants who manage more complex use
cases.

Recent research also highlights several user roles within these ecosystems
(Baumgarten et al. 2025). These include non-experts such as citizen developers and
low-code champions who focus on simple automation and tool creation, and low-
code experts such as platform consultants and professional developers who operate
at higher levels of abstraction and integration. These roles vary not only in technical
proficiency but also in the complexity of tasks performed. Accordingly, platform suit-
ability depends strongly on the intended user group and the required level of sophis-
tication. Advanced platforms offer extensive integration and customization options
for expert users, while simpler platforms emphasize usability and guided interaction
for business users.

Moreover, a standardized measurement of user capability levels remains absent.
Although some studies propose frameworks to assess application complexity (Aben-
droth & Bender 2024), no established method exists to quantify user proficiency
across roles and platform types. Developing such a framework would be valuable
for both research and practice, particularly in defining job profiles in process and
digitalization management where role clarity and skill differentiation are essential.

8.2 Functional categorization and taxonomy alignment

In analyzing the diverse landscape of LCP and NCP, a clear evolutionary trajectory
toward functional specialization emerges. A fundamental distinction must be drawn
between incumbent system categories that are now integrating low-code layers into
their existing architecture and standalone LCP/NCP that are increasingly incorporat-
ing features traditionally found in specialized system classes.

This leads to a classification of systems utilizing a low-code-based approach across
several established system classes (Baumgarten et al. 2025; Noack & Fedtke, 2025):

e Standalone LCP and NCP: Platforms embodying this study’s primary definitions,
utilizing visual, model-based, and process-oriented environments to enable de-
velopment with minimal (LCP) or no (NCP) traditional coding, represented by
LCPs such as SCOPELAND or Retool, and NCPs like Bubble or Unqork (P6p-
pler & Abendroth 2025).

o [ntegrated LCP in ERP systems: Established ERP systems, which utilize low-
code to allow for agile extensions of the core ERP logic, such as SAP Build,
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Oracle Fusion or engomo (Abendroth et al. 2026).

® Multi-experience development platforms (MXDP): MXDPs like Mendix prior-
itize a the user experience by harmonizing interactions across a wide array of
digital channels and devices. These platforms enable the parallel development of
applications for web and mobile endpoints, as well as emerging channels such as
chat apps, smartwatches, and immersive environments like Augmented or Virtual
Reality. While low-code-oriented MXDPs include connectors for third-party sys-
tems and data persistence, these integration aspects are generally less emphasized
than the core focus on multi-channel consistency. This category encompasses
modern CRMs like Salesforce, which utilize extensive low-code capabilities to
extend customer-facing workflows across various devices, and Groupware such
as HCL Notes integrated with HCL Volt MX, which has evolved to support rapid,
multi-device application development within collaborative workspaces.

® Business process automation (BPA).: Lightweight automation tools such as n8n,
Zapier, and IFTTT, which focus on connecting disparate services via logic-driven
triggers.

® Business process management suites (BPMS): Robust orchestration environ-
ments like Bizagi or Camunda that emphasize end-to-end process modeling and
execution.

® Robotic process automation (RPA): Ul-driven automation tools, including UiPath
or SS&C Blue Prism, which bridge legacy gaps through bot interactions.

® Document management system (DMS): Document-centric systems such as Nu-
trient, which provide low-code capabilities for automating complex document
lifecycles, processing, and workflows.

e iPaaS (Integration Platform as a Service): Specialized integration hubs such as
SEEBURGER or Lobster data. These systems utilize low-code visual mapping
and configuration to manage complex EDI, API management, and enterprise ap-
plication integration.

To support this categorization, a comprehensive list of 76 tools classified into 10 sys-
tem classes is provided including LCP/NCP in the supplementary material 2, offering
a view of the current market diversity and the technological overlap between stand-
alone platforms and integrated enterprise solutions.

To further contextualize the functional diversity of these systems, the following
taxonomy maps the identified classes across two primary dimensions: the functional
perspective and the design options for the user interface. This framework, synthe-
sized from the works of Baumgarten et al. (2025) and Noack & Fedtke (2025), illus-
trates how platforms are positioned based on their operational focus, ranging from
data processing to system integration and the complexity of their frontend capabili-
ties (Fig. 8).

As shown in the classification, systems such as iPaaS and DMS typically occupy
the secondary functional perspective, as they focus primarily on more easy to use
headless background automations, data orchestration, and rule-based decision logic
rather than complex user-facing designs. In contrast, LCP and NCP are characterized
as general-purpose environments providing the most advanced options for individual
Ul design and sophisticated business logic. They differ primarily in that NCPs priori-
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Design options for the user interface
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Fig. 8 Categorization of common Low-code based products based on (Baumgarten et al. 2025; Noack
& Fedtke, 2025)

tize ease of use by abstracting away manual coding, whereas LCPs offer extensibil-
ity through the integration of custom code. Between these poles, BPMS prioritize
the digitalization of process maps, workflows and decision rule automations, often
utilizing standards like BPMN, while BPA only focuses automations. RPA focuses
on the bottom layer of system integration, utilizing bots to automate repetitive tasks
via existing user interfaces when defined APIs are unavailable. Expanding on the
general-purpose tier, MXDP emerge as a specialized subgroup of LCP. These plat-
forms harmonize the user experience across diverse digital touchpoints, extending
the functional reach across the entire vertical spectrum, from system integration to
advanced analytics, while ensuring Ul consistency across web, mobile, wearables,
and immersive environments.

Taken together, these findings show that LCP and NCP capabilities have diffused
far beyond dedicated platforms into a wide range of incumbent system classes, while
at the same time giving rise to new, highly specialized low-code based solutions.

8.3 Challenges and implications

The synthesis of the analyzed literature reveals three primary thematic pillars of chal-
lenges and implications: organizational, technical, and ecosystem-market dynamics.
Table 4 summarizes the main challenges and issues identified from the basket of
literature and offers recommendations and directions for future research.

8.3.1 Organizational implications

Governance in organizations: A fundamental organizational implication identified
in this study is the shift toward decentralized development and its governance. The
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Table 4 Research agenda

Main challenges Issues Research recommendation
Organizational Governance in Determination of governance frameworks and role-based
implications organizations checklists to streamline enterprise-wide adoption and manage-
ment of decentralized development
Strategic skill Identification of a skill level maturity model to curate learning
development materials and quantify user proficiency, ensuring an optimal
learning curve for various user roles
Lowering entry Identification of specific mechanisms to further lower entry
barriers barriers for non-technical citizen developers, particularly
within the context of NCP environments
Technical Composable archi- Identification of plug-and-play strategies that leverage Mi-
implications tecture and hybrid  croservices and API-first designs (REST/SOAP). Also, identify
integration alternative integration options, where legacy systems lack na-
tive API support, by potentially utilizing wrapper technologies
Open standards Establishment and further development of open standards
and the metamodel for metamodels to ensure cross-platform compatibility and
gap mitigate the risks of vendor lock-in
Modeling, cus- Investigation of frameworks for metamodel customization,

tomization, and specifically regarding the import of BPMN 2.0 processes and

semantic richness  the readiness of Domain-Specific Languages (DSL)

iPaaS orchestration Development of evaluation frameworks for iPaaS to help com-
panies align these tools with their existing IT architectures

Ecosystem-mar-  User-vendor Investigation of collaborative programs between users and
ket dynamics collaboration vendors to influence the development of reusable platform
and platform features and components
co-evolution
Ecosystem col- Investigation of collaboration and conflicts potential between
laboration and different stakeholders in the ecosystem (vendors, users, inte-
conflict grators, consulting companies)

identified trend toward decentralized development in our study suggests a fundamen-
tal shift in the role of corporate IT, from a sole provider of solutions to an enabler of
innovation. This implies that research must focus on the determination of governance
frameworks. Specifically, there is a theoretical and practical need for role-based
checklists that clearly delineate responsibilities between central IT and business-
unit citizen developers. Such frameworks are essential to streamline enterprise-wide
adoption while ensuring security, compliance, and data integrity.

Strategic skill development: The effectiveness of LCPs is inherently contingent
upon the heterogeneous capabilities of the citizen developer workforce (Bernsteiner
et al. 2022; Matook et al. 2023). Our findings suggest a shift away from viewing
users as a monolithic group, favoring instead the development of skill-level matu-
rity models (Abendroth & Bender 2024). Research should theorize tiered proficiency
frameworks that allow organizations to curate targeted learning paths and objectively
quantify user competencies across diverse organizational roles (Elshan et al. 2025).

Lowering entry barriers: The recurring themes of no-code and visual modeling
in our dataset highlight a strategic imperative to investigate the specific mechanisms
that lower entry barriers for non-technical citizen developers. While LCPs are inher-
ently more accessible than traditional coding, the question for organizations lies in
identifying the threshold at which a business user transitions from a passive observer
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to an active creator. Research should focus on the efficacy of NCP environments that
utilize Al-assisted co-authoring, natural language processing, and logic-templates to
bypass technical friction. This implies that the focus must shift toward usability engi-
neering and cognitive load reduction.

8.3.2 Technical implications

Composable architecture and hybrid integration: Our findings imply a transition
toward composable architecture, where LCPs act as plug-and-play components within
the enterprise IT landscape. This requires researchers to look beyond the platforms
themselves and investigate hybrid integration strategies, specifically how API-first
designs (REST/SOAP) and microservices can be used to anchor LCPs into existing
system landscapes, enabling a synergy between legacy stability and low-code agility
(Viswanadhapalli 2025). Furthermore, research must identify alternative integration
paths for legacy systems lacking native API support, specifically by evaluating the
role of wrapper technologies or middleware adapters to bridge the gap between rigid
back-end environments and agile, low-code front-ends.

Open standards and the metamodel gap: The prominence of model-based
approaches in our linguistic analysis reveals a significant theoretical gap regarding
the standardization of metamodels. The current prevalence of proprietary black-box
models creates risks of vendor lock-in and hinders long-term application portability.
Researchers should therefore prioritize the development of open, execution-oriented
standards for metamodels and repositories to enable cross-platform compatibility.
Projects such as the EU-funded Lowcomote demonstrate the potential for shared
infrastructural backbones to reduce lock-in, facilitating a transition from simple
LCPs to comprehensive Low-Code Engineering Platforms (Colantoni et al. 2020).

Modeling, customization, and semantic richness: The research community must
move beyond general platform abstractions to investigate frameworks for metamodel
customization. While our analysis identifies process-orientation as a core character-
istic of LCPs, there remains a theoretical and practical disconnect between standard
business process modeling and LCP execution. Researchers and vendors should spe-
cifically examine the importability of BPMN 2.0 processes into LCPs to ensure that
business logic remains portable and grounded in industry standards (Alfonso et al.
2025). Beyond technical portability, vendors should provide standardized reference
processes that serve as pre-configured blueprints, enabling customers to adopt indus-
try-specific best practices more efficiently while maintaining architectural consis-
tency. Furthermore, investigating the readiness of Domain-Specific Languages DSLs
within LCPs is relevant for the discipline and needs to establish a standard (Braganga
et al. 2021; Martinez-Lasaca et al. 2025). This shift transforms LCPs from generic
app builders into semantically rich tools capable of reflecting sophisticated business
domains.

iPaasS orchestration: The semantic analysis, which highlights data integration and
service layers as core components, suggests that the theoretical potential of LCPs
is currently throttled by ES. To overcome this, researchers must theorize the role of
iPaaS as a centralized data hub for low-code ecosystems. This shift moves the focus
from app-building to data orchestration, where iPaaS serves to aggregate and struc-
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ture data from siloed and legacy ES into a consumable format for LCP/NCP (Sarabu
2025).

8.3.3 Ecosystem and market dynamics implications

User-vendor collaboration and platform co-evolution: The heavy emphasis on reus-
able components and template libraries within the linguistic analysis suggests that
the value of an LCP/NCP is increasingly defined by its ecosystem rather than its
core features alone (Abendroth & Bender 2025). This highlights a critical need for
research into collaborative programs between users and vendors to influence the
development of platform capabilities. Traditionally, software development followed
a linear path where vendors dictated the feature set; however, the modular nature of
LCP/NCP allows for a model of platform co-evolution (Gawer & Cusumano 2014).
Researchers should investigate formal frameworks for lead-user integration, where
enterprise IT departments and citizen developers actively contribute to the vendor’s
roadmap to ensure the development of functionally relevant, reusable components.
This implies shifting the research focus from software procurement to ecosystem
governance. By understanding the mechanisms that allow users to influence platform
maturity, researchers can provide a blueprint for how organizations can move from
being passive consumers of technology to active co-creators of the tools they rely on.

Ecosystem collaboration and conflict: Finally, our results point toward a significant
need to theorize the multi-stakeholder dynamics of the LCP/NCP ecosystem. While
current literature often focuses on the user-vendor dyad, the proliferation of these
platforms introduces a complex web of interactions and potential conflicts between
vendors, end-users, system integrators, and consulting firms (Abendroth & Bender
2025). As platforms move toward higher abstraction, traditional system integrators
and consulting companies face a potential value-chain reconfiguration where their
traditional coding services are commodified, leading to friction regarding service
models and intellectual property. Conversely, collaboration is fostered through com-
munity-driven marketplaces and third-party plugin development. Research should
therefore investigate frameworks for ecosystem governance that address these power
asymmetries and misaligned incentives.

9 Conclusion and limitations
9.1 Implication for practice

For companies adopting or using LCP and NCP, it is essential not only to evaluate the
initial implementation of these platforms but also to consider the strategic integration
of emerging technologies within their digital transformation agendas. Organizations
should continuously monitor the Return on Investment of LCP and NCP initiatives to
ensure that these efforts lead to measurable efficiency gains, enhanced flexibility, and
sustainable value creation. At the same time, companies need to establish governance
frameworks that guarantee the consistency, maintainability, and scalability of appli-
cations developed across various departments and user groups.
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Vendors of LCP and NCP should strengthen their understanding of the diverse
user groups engaging with their platforms and adapt their offerings accordingly. This
includes the provision of clear documentation, training programs, and support ser-
vices tailored to both professional developers and citizen developers. Vendors should
differentiate their product portfolios based on user expertise, domain requirements,
and organizational maturity. Moreover, they should actively promote the integra-
tion of complementary technologies such as LLM-based assistants, agentic Al, and
MCP architectures to expand platform functionality and improve user experience.
Finally, vendors are encouraged to cultivate an open and sustainable ecosystem that
facilitates component reusability and fosters collaboration among developers. Such
an ecosystem should include accessible marketplaces, standardized documentation,
and transparent communication channels between vendors and users (Abendroth &
Bender 2025; Di Ruscio et al., 2022).

9.2 Theoretical contribution

The theoretical contribution of this study lies in systematically consolidating and
conceptualizing the scientific foundations of LCP/NCP through a structured review
and linguistic-semantic analysis. By bridging fragmented terminology and interpre-
tations across more than a decade of publications, this research provides a unified
theoretical framework that clarifies how the meanings of LCP and NCP have evolved
and differentiated over time. The study contributes to theory building by (1) demar-
cating the conceptual boundaries between LCP and NCP based on user group, cod-
ing involvement, and process orientation; (2) revealing the temporal transition from
technical and architectural emphases toward user-centric and democratization-ori-
ented definitions; and (3) deriving consolidated and empirically grounded definitions
for both LCP and NCP that integrate linguistic frequency and contextual meaning.
By exposing the shifting semantics and usage contexts before 20142025, the arti-
cle offers a stable conceptual foundation for future empirical and design-oriented
research on visual development environments and digital democratization in soft-
ware engineering.

Limitations: The rapidly evolving nature of LCP and NCP ecosystems presents a
key limitation to this study. Because platform vendors continuously introduce new
features, integration mechanisms, and pricing models, some findings may become
outdated over time.

Future research should further investigate how LCP and NCP evolve within the
broader framework of low-code management. Research should focus on understand-
ing the required skill levels across different user groups, platform types, and market
specializations. Such analyses would enable a clearer classification of user roles and
help to determine how user capability and task complexity influence the quality and
maintainability of developed applications. Moreover, future research should explore
the integration potential of adjacent technologies, including LLM-based prompt engi-
neering, vibe coding, and autonomous Al agents. These emerging paradigms could
significantly enhance automation, collaboration, and knowledge transfer within LCP
and NCP ecosystems, thereby enabling more intelligent, adaptive, and sustainable
forms of application development and management.
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