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Abstract

Low-code platforms (LCPs) allow the development,
testing, and deployment of software applications with
minimal manual coding by using pre-built software
components and visual design tools. LCPs frequently
enter into technology partnerships to offer extensive
capabilities required for software development. In this
study, we identify and characterize these technology
partnerships to understand and develop the structure
of the LCP ecosystem. We model the LCP ecosystem
and identify nine types of technology partnerships.
In doing so, we advance our understanding in three
key areas: (1) provide insight into the evolving
LCP ecosystem, (2) reveal that LCP vendors use
various technological partnerships and strategies across
different capability areas with varying partner network
sizes and capability compositions, and (3) demonstrate
the value of ecosystem visualization. Collectively, our
findings can help LCP users and developers understand
the foundational, competitive, and niche partnership
strategies and enable LCP vendors to innovate and
collaborate effectively.

Keywords: Low-code platforms, software ecosystem,
inter-firm collaboration, visualization

1. Introduction

Low-code platforms (LCPs) facilitate the
development, testing, and deployment of software
applications with minimal manual coding by utilizing
pre-built software components and visual design tools
(Nagvi et al., 2024). LCPs consolidate various software
engineering tools, such as graphical user interface
(GUI) design, database management systems, and
application programming interfaces (API), into a single
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environment, thus reducing the need to switch between
different systems and improving the efficiency of the
software development process (Bock & Frank, 2021).
The advantages of LCPs in software development are
widely acknowledged, as they enable organizations
to manage increasing product backlogs and alleviate
the shortage of software developers (Bexiga et al.,
2020; J. C. Metrolho et al., 2020). However, research
has highlighted that the lack of standardization is a
significant barrier to the adoption of LCPs. This lack of
standardization leads to a shortage of LCP specialists
and results in platform dependency (Naqvi et al., 2023).

LCP development capabilities are often limited
by the functionalities of its software subsystems and
components. Studies indicate that due to the extensive
capabilities offered by LCPs that are required for
end-to-end software development, even the major
technology providers are unable to deliver the entire
LCP independently (Richardson & Rymer, 2016).
Furthermore, evaluating and improving the LCP is
challenging due to the absence of open standards,
which complicates the assessment and enhancement of
these platforms (Sahay et al., 2020). Consequently,
to create value, LCP vendors integrate and leverage
technology partnerships with other vendors. Despite
the high relevance of LCPs for software development,
the existing literature does not provide a comprehensive
view of the technology partnerships that exist within
the LCP ecosystem. Evaluating and accessing LCP
technology partnerships can help to understand the
similarities and differences between LCPs and inform
strategic adoption.

Researchers are increasingly adopting an ecosystem
perspective to understand partnership strategies (Gulati
et al., 2011). Within the software context, an
ecosystem refers to a collection of software products



and services offered by multiple vendors that collaborate
and support various activities to create value within a
business environment Several studies have employed
the ecosystem perspective to demonstrate how multiple
vendors partner to create value and maintain competitive
advantage (Basole & Park, 2018; Iyer & Basole,
2016). Given that low-code is characterized as
a nascent and complex research phenomenon that
integrates and advances various domains of software
engineering (Naqvi et al., 2024), and is facilitated by
LCPs, we analyze the LCP ecosystem by investigating
the following research question: How do technology
partnerships shape the low-code platform ecosystem?

We used a data-driven approach to build an LCP
technology partnerships network in four steps. First,
we curated a dataset of 16 LCPs using market reports
(Bratincevic et al.,, 2023; Vincent et al., 2023).
Next, we created and curated a dataset for these
16 LCPs using the Partnerbase B2B partnerships and
alliances directoryl, resulting in a total of 1,086
technology partnerships. Second, given the complex
and diverse nature of the technologies comprising the
LCP ecosystem, we identified nine types of technology
partnerships: cloud, collaboration, compliance and
personnel, data and artificial intelligence (Al), enterprise
software, infrastructure, marketing and automation,
security, and testing. We then coded the partnerships
according to the type of partnership. Third, to facilitate
our understanding and exploration, we generated three
visualizations of the LCP technology partner ecosystem.
Fourth, to make sense of these visual representations
of the LCP ecosystem network, we conducted six
semi-structured interviews with low-code practitioners.

Our work offers three key contributions. First, it
improves our understanding of the emerging software
ecosystem context, specifically LCPs. Second, from a
managerial perspective, our findings demonstrate that
LCP vendors employ diverse technology partnership
strategies for the nine types of technology partnerships.
These partnerships vary in the size of the network and
the mix of core and complementary capabilities. Third,
methodologically, we present a data-centric ecosystem
visualization that enhances various stakeholders’ ability
to comprehend the emerging LCP ecosystem. Given
the rapid evolution of the LCP ecosystem, our insights
can help LCP users and developers to understand,
differentiate, and increase LCP adoption.Additionally,
LCP vendors can design, anticipate, or replicate intricate
technology partnership strategies, fostering new
opportunities for innovation and strategic collaboration.

' www.partnerbase.com/

2. Related Work
2.1. Digital platforms and software ecosystems

The creation of software products has changed from
being managed by a single vendor to incorporating
multiple vendors and technologies, resulting in the
integration of intricate digital technologies (Iyer et al.,
2006). The success of a software vendor now
depends on its interactions within the ecosystem,
where both collaboration and competition can take
place concurrently (Basole & Park, 2018). Hence,
understanding partnership strategies is an important
research domain, as value is often co-created by multiple
vendors (Basole, 2019).

Digital platforms are software systems that connect
diverse applications, facilitating their interaction and
thereby creating an integrated ecosystem of services
(De Reuver et al., 2018). Such platforms provide a
stable core and flexibility to develop new applications
and services on top. In the context of digital
platforms, an ecosystem is a dynamic network
of interconnected, heterogeneous, and continuously
evolving organizations, including platforms, developers,
and users, that co-create and deliver value (Basole,
2019). Digital platforms capture user needs, while
ecosystems enhance platform value by enabling
co-creation and delivery through third-party developers,
thus improving functionality, user experience and
fostering innovation (De Reuver et al., 2018).

Network theory examines how organizations partner
to create an ecosystem. It is widely used in
understanding the intensity of partnerships, the overall
strength, transparency, and integration within an
ecosystem (Gulati et al., 2011). A larger network
represents a wider reach and a high potential for
resource sharing and innovation. The creation,
expansion and effective functioning of an ecosystem
depend on technology partnerships (Basole, 2019).

2.2. Relevance of software ecosystems for
low-code platforms

Several studies debate low-code not as a new
technology but as the integration of various software
engineering tools to improve software development
(Bock & Frank, 2021; Naqvi et al., 2024). Sahay
et al. (2020) evaluated eight LCPs and proposed
a taxonomy that identifies six mandatory and
three optional LCP features. = Mandatory features
include GUI, interoperability with external services,
security, business logic specification, application build
mechanism, and deployment support. Optional features
include reusability, scalability, and collaborative



support. Research indicates that due to the extensive
technological capabilities that are required for software
development, even leading technology vendors cannot
independently deliver the entire LCP on their own
(Richardson & Rymer, 2016). Considering the
richness of capabilities required for end-to-end software
development, LCP vendors maintain several technology
partnerships, resulting in a dynamic ecosystem.

The nascent LCP literature focuses on individual
platform use cases and capabilities (Bock & Frank,
2021; Sahay et al., 2020) and the perceptions of
non-IT professionals and developers about adoption
(J. Metrolho et al., 2019; Naqvi et al., 2023). However,
the holistic view of the LCP ecosystem from the
perspective of the LCP technology partners remains
unexplored. Understanding technology partnerships
offers insight into foundational and differentiation
strategies within the LCP ecosystem, helping identify
similarities and differences between strategies.
Moreover, understanding the LCP technology
partnerships can help to address issues such as
lock-in, interchangeability, and lack of standardization
(Naqgvi et al., 2023). To our knowledge, research on
the identi cation and classi cation of LCP technology
partnerships and its impact on the LCP ecosystem has
not yet been published. Our research seeks to address
this gap by investigating LCPs technology partnerships.
Addressing this gap is relevant as it helps to gain

a deeper understanding of this fast developing high  Figure 1. Data-Driven Ecosystem Visualization

impact domain and can help organizations in de ning Approach (modi ed from lyer and Basole 2016)
LCP partner strategies or in selecting an LCP.

3. Methodology whose main product focuses on the end-to-end software
) ) development life-cycle. Therefore, we reviewed the
We use a data-driven approach, as described byanalyst reports (Gartner, Forrester) and searched for
(Iyer & Basole, 2016) to identify and curate a data set | cps that are consistently identi ed as leaders, strong
of LCP technology partnerships and build a network nerformers and challengers. This ensured a robust
visualization (see Figure 1). In the following section, 5,4 diverse sample and resulted in total of 16 LCPs.
we describe the steps for data collection and curation,\y,e then used Partnerbase and identi ed technology
data modeling, visualization, and sensemaking. partnerships for these LCPs resulting in total 2098
partnerships. We removed channel partnerships; our
nal sample consisted of 1,086 technology partnerships
(see Figure 2). ServiceNow and Zoho lead in the number
of technology partnerships, whereas Creatio, K2,
Newegen Software, and Mendix have the fewest. This
indicates that LCP vendors employ varied strategies for
establishing technology partnerships.

3.1. Data collection and curation

Determining LCPs that create an ecosystem is
a complex task, since numerous software vendors
label their products as low-code to capitalize on the
market trend. Searching for the term low-code on
Crunchbase would result in thousands of software
vendors. Nevertheless, it would be incorrect to classify
all software vendors as part of the LCP ecosystem,
as our research focuses on low-code within the realm
of software development. We include only vendors

3.2. Data modeling

Technology Partnerships are uni-directional and
are referred from the perspectives of LCP provider,
2hitps://www.crunchbase.com/ meaning the partnerships have a focus on value offering,



through new, complimentary, or substitute solutions.
To identify the relevant technology partnerships within
the LCP ecosystem, we started with the market
report Statist}y that categorizes software into four
technologies: enterprise software, system infrastructure,
application development, and productivity software.
Next we reviewed the existing low-code literature and
identied key LCP technology partnerships such as
security (Sahay et al., 2020), workplace transformation
and scalability through cloud (Naqvi et al., 2024),
automation (Bock & Frank, 2021), reusability due to
modular driven engineering (Di Ruscio et al., 2022),
and Al (Su, 2023). Consequently, we coded the nine
types of LCP technology partnerships, as de ned in the
following:

Cloud vendors offer on-demand computing Figure 2. Partnership Count by LCP
resources, including storage and processing power, that
enable scalability, exibility, and cost-effectiveness.
Collaboration technology vendors provide tools for technology partnerships. We coded the data in three
communication, sharing and project management, Ways. First, we used descriptive keywords for each
allowing teams to collaborate on a software Of the nine technology partnerships. For example,
development project. Compliance & Personnel - for infrastructure, we de ne database* and integrate*
Compliance tools ensure secure data management, audifeywords, for compliance & personnel, keywords used
trails, and policy enforcement. Personnel tools refers to include document*, survey*, signature*. We execute a
the workforce. Personnel management tools improve basic indexing command to code based on text analysis.
recruitment, training, supervision, and performance This method assigned a category if a keyword was
evaluation, boosting productivity and engagement. detected, and it only worked if the keyword appeared in
Data & Al involves technologies for analyzing data the partner description and did not consider the context.
and deriving insights to support decision-making. Second, we used PromptLodp an Al-powered data
Such vendors offer advanced data processing, maching?latform, and trained it with 108 unique random partner
learning models, and analytics tools that allow descriptions that are manually coded. PromptLoop then
organizations to uncover patterns, and predict outcomes assigned a category for all technology partnerships.
Enterprise softwareincludes technologies, as customer Third, we manually completed the coding process
relationship management, and enterprise resourceand compared it with the results from Indexing and
planning that are used across the organization to designPromptLoop. In cases of discrepancies, we reviewed
and execute business processeSastructure vendors  those partnerships and assigned a nal code. The
offer technologies such as databases, networking anddistribution of technology partnerships is shown in
connectivity that are essential for the operations of Figure 3.
organizations. Marketing & Automation vendors ) o
offer technologies to streamline and automate tasks,3-3- [Ecosystem visualization
increasing efciency and personalized engagement.
Such vendors provide solutions for email campaigns, ~ We created two types of networks to understand
lead management, and social media postiSgcurity the structure of the LCP partner ecosystem. First, we
vendors provide solutions such as rewalls, threat modeled the LCP partner ecosystem as an undirected
intelligence, vulnerability management, and incident bipartite network, with nodes representing both LCPs
response to protect data, systems, and networksand technology partners, and edges representing

from unauthorized access and misuse, ensuringPartnerships between LCPs and technology partners.
con dentiality and integrity. Testing vendors offer ~ Second, we modeled the LCP ecosystem as a network

solutions to optimize the testing work ow, improve in which nodes represented both LCPs and technology

software quality, and user experience. partnerships, to understand the relational concentration
After collecting the description of each vendor, ©Of LCPsinto technology partnerships.

we assigned them to one of the nine types of We used Gephi 0.10.1, an open source graph

Shttps://www.statista.com/outlook/tmo/software/worldwide 4https://www.promptloop.com/



The 16 LCPs are visualized based on similarities
and differences in the technology partnerships (see
Figure 4). Each LCP, with distinct partnerships
colored differently; however, LCPs with majority of
the similar technology partnerships are colored in the
same color (for example, Pegasystems, Outsystems,
Bizagi, Mendix and Appian colors in blue, Caspio and
Kintone colored in black). We observe diverse unique
partnerships in the network periphery that demonstrate
the richness and variability of the low-code ecosystem.

Based on technology partnerships, we started to
combine LCPs into clusters to develop a better
understanding of the LCP ecosystem. The authors
then conducted multiple iteration rounds to interpret the
constructed network. Next, analyzing the characteristics
of the technology partnerships (nature and size) and
platform maturity, using triangulation between the
researchers, we formulate the names of the clusters.
We conducted three iterations until consensus was
visualization tool, to visualize the corresponding developed between all authors on the name of each

networks (Bastian et al., 2009). For the platform-partner cluster. For example, ServiceNow and Zoho, with the
network, we utilized the OpenORD layout algorithm, highest number of technology partnerships, are assigned
which emphasizes clustering (Martin et al., 2011). We to cluster I. Despite their large scale, they share few
applied the NoOverlap and NoLabelOverlap heuristics common partnerships, indicating low competitiveness.
to reduce node and label occlusion, enhancing both  Cluster Il does not differentiate based on technology
the readability and aesthetics of the graph. For partnerships, as the companies share most of their
the LCP-category network, we used ForceAtlas2, a partnerships and offer similar services. The interviews
force-directed layout algorithm that positions nodes conrmed that these LCPs are perceived to have similar
according to their relative strengths to each other. offerings, resulting in high competition. Hence, we
We scaled nodes according to their betweennessn@med the second cluster "compete”. Among the
centrality, re ecting each node's positional prominence "€maining LCPs, Retool, Ungork, and Creatio have
within the network for both visualizations (Freeman, recently emerged, Nintex being the exception, as it has
1977). We used Louvain's community detection been on the market fpr_a longer t|me_. However, all of
algorithm to identify and color-encode sub-communities these LCPs share a similar partnership size and strategy.
in the ecosystem (Blondel et al., 2008), while for the Thus, we named the third cluster "emerge”, since we
LCP partner ecosystem we color-encoded the different expect the technology partnerships for this cluster are
node types. We scaled edges proportional to the total Y€t t0 mature.
number of relationships between the LCP and that

Figure 3. Technology Partnerships in LCP Ecosystem

3.4. Ecosystem sensemaking 4.1. Technology partnerships within the LCP
ecosystem

To interpret the LCP ecosystem visualizations,
we conducted six semi-structured interviews via
Microsoft Teams that lasted 40 minutes in average,
with practitioners, including software developers (IP1,
IP2), business analysts (IP3), alliance and ecosystem :

) ysts (IP3) . . y Google, Box, KnowledgelLake, Adobe, Tray.io and
managers (IP4, IP5), and a solution architect (IP6). We __ . :

: . tripe. Each of these vendors has a rich partner
presented the network to the interviewees and gatheredS .

; . . network that mirrors a sub-ecosystem. We have

their opinions on LCP technology partnerships and the R

. o . labeled these vendors as core partnerships in Figure
ecosystem. Interviewees offered qualitative insights into
the visualizations based on their underStandmg of the 5A high resolution visualization can be downloaded from (Link to
LCP ecosystem. be inserted after the double blind review process)

Figure 4 visualizes the technology partnerships
in the LCP ecosystetn The visualization reveals
several interesting insights. The central core technology
partners are Microsoft, Amazon Web Services (AWS),



4. Peripheral vendors, each with a substantial partner4.1.3. Cluster Ill: Emerge. This cluster includes
network, include Twilio, UiPath, Okta, Dropbox, Oracle four LCPs: Nintex, Ungork, Retool, and Creatio. All
and Salesforce. The rest of the vendors operate withof these LCPs are relatively new, being available for less
relatively small to moderate partner network sizes and than a decade, with the exception of Nintex, which was
partner with four or fewer LCPs. Most technology founded in 2006. These platforms have networks that
vendors, specically 854 of them, form partnerships are still developing and are situated either at the lower
solely with a single LCP, depicted in the visualization or upper peripheries of the LCP ecosystem. Positioned
as outer edges of each LCP ecosystem. at the lower edge are Nintex, Unqork, and Retool, which
We categorized the LCP ecosystem into three have a wide-ranging partnership focus, encompassing
clusters based on their technology partnership strategiesat least seven of the nine technology partnerships.

scale without compete, compete, and emerging LCPs. Interestingly, most of the partnerships of these LCPs
do not overlap neither with LCPs within this cluster,

4.1.1. Cluster I© Scale without compete. This nor with other clusters. Cr_eatio,_ on the other hand, is
cluster includes two LCPs, speci cally ServiceNow and located at t.he upper edge W|th a limited part.ner network,
Zoho, both of which possess the largest number of concentrating iny on marketing & automation and data
technology partnerships in our analysis. Nevertheless,& Al Partnerships.
the two LCPs use different technology partnerships ) i
and do not compete with each other on the basis4-2- Technology partnerships weighted by the
of technological partnerships. For example, 32% number of partners
of the ServiceNow partnerships are with software
security vendors, and Zoho has only 2% of such  To show allocation by LCPs across the nine
partnerships. On the other hand, Zoho has a strong focugypes of technology partnerships, we created a second
on marketing & automation technology partnerships, Visualization, as shown in Figure 5. The visualization
resulting in a total 36% of its technology partnerships allows to understand the relation between the LCPs and
and ServiceNow has only 8% of such partnerships. Both technology partnerships. We categorized the partner
LCPs maintain moderate partnerships with enterprise Nodes to create a network that includes the LCPs
software, infrastructure and data & Al vendors. (color-encoded in pink ()) and technology partnerships
(color-encoded in blue §). The edges represent
4.1.2. Cluster Il: Compete. This cluster consists of ~L-CP-category relationships, weighted by the number of
10 LCPs, making it the largest cluster in our study Parinersineach category.
based on the number of LCPs. The LCPs included are ~ Only three LCPs have partnerships with all nine
Appian, Bizagi, Caspio, K2, Kintone, Mendix, Newgen technology capability vendors, namely ServiceNow,
Software, Outsystem’ Pegasystems, and Quickbase_ZOhO and Ninetex. However, the distribution of these
These LCPs are the most established, having beenpartnerships is different. ServiceNow is at the center
founded in or before the early 2000s. They play a central of the network with robust partnerships focused on
role in the ecosystem and nearly all partner with core security, enterprise software, infrastructure, and data
partner vendors. We also note that these LCPs exhibit& Al vendors, represented by edge strength. Zoho
strong similarities in their technology partnerships and is relatively peripheral with robust partnerships in
aim to cover a wide range of capabilities through marketing & automation, relatively moderate number
partnerships. This is also re ected in the visualization, of partnerships infrastructure and data & Al, vendors
as these LCPs are positioned close to one another andnd small number of partnerships with the remaining
thus compete within the network. For example, Appian, technology capability vendors. Finally, Ninetex has only
Bizagi, Outsystem, and Pegasystems share similara small number of partnerships with each technology
technology partnerships with infrastructure, data & Al, capability vendor.
marketing & automation, testing and security vendors. As noted in the cluster Il ndings, Appian,
Similarly, Kintone, Quickbase, Caspio have similar Caspio, Kintone, Outsystem, Pegasystems, and
technology partnerships with compliance & personnel, Quickbase exhibit similar network sizes and technology
enterprise software, marketing & automation, and partnerships. These LCPs are positioned on the outer
cloud vendors. Despite having the smallest partnering periphery, indicating that they engage with most
network, Mendix and Newgen software collaborate with technology capability vendors in a balanced and
key vendors that are pivotal to the network, which competitive manner. In contrast, the remaining LCPs,
positions these two LCPs at the center of the ecosystem.ncluding K2, Mendix, Bizagi, Newgen Software, and
Creatio, have the fewest partnerships, engaging with
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