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Executive Summary 
This report describes a study performed to design a readiness self-assessment on the adoption of Low-

Code Development (LCD) practices combined with DevOps. This artifact tries to answer the main 

research question of this study: “How can an organization which considers adopting DevOps combined 

with LCD assess their readiness with respect to the capabilities required for their successful adoption?”. 

This self-assessment is called the LCDevOps Readiness Self-Assessment (LCDevOps RSA). In order 

to achieve this artifact, LCD is first characterized as a tool-based approach to design business software 

applications and the connection between LCD and DevOps practices is established from a readiness 

perspective. 

As LCD is not yet clearly defined in current research, defining it is an important first step to be able to 

determine adoption readiness. In order to create a definition, two research techniques are used. First, 

online vendor documents are used to extract information on features of eight different LCD platforms. 

Secondly, eight interviews with industry experts are performed. Combined, these experts gained 

experience with three LCD platforms as an employee at an LCD platform vendor or an IT consultancy 

company. Outcomes of both research techniques are combined and formed into the following eight LCD 

characteristics: 

1. Visual, component-based modeling of data, processes and Graphical User Interfaces (GUI) 

with possibility to add code where needed. 

2. Cloud-centered platform with PaaS functionalities and possibility to deploy on cloud and 

on-premises to develop enterprise-wide business applications. 

3. High level of automation in the entire Software Development Lifecycle (SDLC). 

4. Leveraging fast, iterative application methods such as agile. 

5. Achieve close business-IT collaboration with multidisciplinary teams across departments. 

6. Involvement of inexperienced (citizen-)developers by eliminating coding and providing 

support. 

7. Easy and standardized integration features to integrate with systems, databases and 

applications in the organizational environment. 

8. High level of reusability of components and applications. 

These characteristics describe LCD as a tool-based approach, including related work methods, 

leveraging factors and tooling principles. Besides these characteristics, a collection of LCD adoption 

success factors are studied as well. These are management support and positive employee attitude 

towards LCD, trust and respect towards inexperienced developers in multidisciplinary teams, a 

continuous improvement culture and LCD change management capabilities.  

The LCD characteristics are used for the main research objective, the LCDevOps RSA. Developing this 

artifact was achieved in multiple steps. First, a DevOps maturity assessment was selected which is used 

as foundation of the artifact. The DevOps Health Radar, developed by the Scaled Agile Framework® 

(SAFe®), was selected for this. Secondly, the eight characteristics of LCD are mapped on the DevOps 

Health Radar. This mapping process allowed to identify the connections between LCD and DevOps 

maturity and add content to the DevOps Health Radar where needed. Thirdly, LCD-specific 

characteristics are added which were not included after the mapping process. The conceptual artifact is 

validated using interviews. A visualization of the LCDevOps RSA with its corresponding dimensions 

can be found in Figure 1. 
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Figure 1: Visualization of the LCDevOps RSA 

The final LCDevOps RSA is demonstrated and evaluated in a case environment of DAF Trucks. 

Participants assessed their own team on LCD-DevOps practices in the form of group-discussions. After 

these discussions, the LCDevOps RSA is evaluated with the use of a Technology Acceptance Model 

(TAM) based survey. The outcomes of this survey show that in general, participants of the group 

discussions perceive the LCDevOps RSA to be useful. Furthermore, they had the intention to use it 

when they would start using LCD practices combined with DevOps. The perceived ease of use differed 

however per included team, where some of the teams did not fully agree with the artifact being easy to 

use but rather had a neutral opinion about it. 

This project is initiated and performed at DAF Trucks NV*. However, the output contributes to both 

literature and other companies. The final output of this research contributes to literature by providing a 

comprehensive definition of LCD, establishing practices of combining LCD with DevOps and providing 

a tool to assess readiness to adopt these practices. The latter provides managerial relevance, since it 

gives organizations the ability to find the needed improvements in order to adopt LCD with DevOps 

effectively. 

 

 

 

 

 

 

 

 

 

 

 

 

*Full or partial copying or reproduction of the content of this publication in any manner whatsoever 

without prior written consent from DAF is prohibited.  
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1. Introduction 
This chapter gives an introduction on the problem context and the research topic of this thesis. After 

introducing the core concepts, the research questions with their objectives are explained. Furthermore, 

based on these research questions and objectives, the used research design is discussed. To conclude, 

the structure of the remainder of the report is explained.   

1.1 Problem Context 

1.1.1 Continuous Software Engineering and DevOps 

It is clear that in a rapidly changing world of IT solutions and an increased demand for mobile business 

applications, it becomes more and more important to evolve to a more IT-centered organization 

(Gurusamy, Srinivasaraghavan & Adikari, 2016). The world of Continuous Software Engineering (CSE) 

covers different aspects that try to continuously improve IT practices and solutions in order to cope with 

these changing demands. Within CSE, different trends arose from the recognized benefits in terms of 

quality and consistency by increasing the frequency of certain critical activities in the Software 

Development Lifecycle (SDLC) (Fitzgerald & Stol, 2015). These trends focus on connectivity of 

disciplines and solutions and the integration of these solutions, all in a continuous matter. As the name 

implies, the activities within CSE strive for continuity. 

The widely implemented agile methodologies show the need for improved flexibility and rapid adaption 

(Fitzgerald & Stol, 2015). CSE builds on the principles of agile (Rodríguez et al., 2017). Practices within 

the CSE domain gain popularity, among which continuous improvement and DevOps. The industry of 

software development is shifting, where all phases and stakeholders in the SDLC are involved. Not only 

development is affected, but practices ranging from gathering requirements to operations are involved 

in this evolution towards a continuously adaptable software landscape (Bosch, 2014). 

Companies may consider adopting CSE, and one way to do this is to integrate DevOps practices. 

DevOps is the first main concept of this research, which is a relatively new set of practices that is gaining 

popularity. Definitions of DevOps are inconsistent across literature (Jabbari et al., 2016). However, 

numerous aspects are consistently associated with the concept. Firstly, as with most CSE practices, 

DevOps has a close relation with agile methodologies. Secondly, DevOps involves the improved 

alignment between development of software and the deployment of it into production. This is achieved 

by close collaboration between development and operational departments (Jabbari et al., 2016; 

Lwakatare et al., 2016). Thirdly, DevOps practitioners try to realize a continuous integration and 

delivery pipeline. In such a pipeline, tools play a central role, where software can be continuously 

adapted and improved by maximizing automation of peripheral practices in the SDLC (Lwakatare et al., 

2015).  

Furthermore, cloud-based software deployments are an upcoming trend which is related to DevOps. 

Here, software can either be delivered as a service (Software-as-a-Service, SaaS) or the internet is used 

to channel the software onto the device of the end-user (Fitzgerald & Stol, 2015). These solutions align 

with continuous integration functionalities. Mobile devices are increasing in popularity in this trend. 

In order to improve efficiency, time to market and reduce development costs, a company may consider 

implementing CSE practices in the form of DevOps within their development and operational processes. 

Tooling plays a central role to achieve these benefits within CSE. In order to achieve desired benefits 

with DevOps, combining a continuous integration pipeline with tooling and supporting agile 

development is of great importance. A tool-based approach aiming to achieve similar goals as with CSE 

is Low-Code Development. This is the second main concept of this research, which is introduced in the 

next subchapter. 
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1.1.2 Low-Code Development 

With the rise of cloud-based business applications in the corporate world, new technologies arise. This 

study focuses on a rather new term in this world of enterprise business application development; Low-

Code Development (LCD). This report approaches LCD as a tool-based approach to develop enterprise-

wide business applications, where end-user-facing applications are web- or mobile based. LCD 

originates from the commercial world, where vendors like Mendix and OutSystems have a leading 

position with their LCD platforms (Acerbis et al., 2015; Bernaschina et al., 2018). LCD platforms 

provide functionality to develop business applications fast and simple with use of visual modeling and 

a high level of automation. They require less coding than traditional coding languages and therefore 

possibly attract less experienced software developers. 

Most of the few references available 

approach the concept of LCD as a platform 

type (Bernaschina et al., 2018; Henkel & 

Stirna, 2010). These sources focus on the 

visual modeling languages that are used to 

describe the data structures, processes and 

user interfaces (Min Tjoa et al., 2018). A 

representation of these development 

environments in LCD by Min Tjoa et al. 

(2018) is given in Figure 1.1. However, in 

this report LCD is approached as a multi-

aspect tool-based approach rather than a 

platform type since it can be associated 

with different development approaches and 

other characteristics. This is necessary in 

order to encapsulate the related way of 

working that is needed to exploit its 

potential benefits.  

LCD attempts to speed up the application development process by minimizing the amount of code by 

introducing visual modeling with standardized components. There is an obvious relationship with 

Model-Driven Development (MDD) (Henkel & Stirna, 2010) and Component-Based Software 

Development (CBSD). Coding in 3GL programming languages is however still possible and may still 

be needed in specific cases during LCD practices. The amount of coding in 3GL required during LCD 

practices differs per platform and development purpose. 

The visual modeling characteristic of LCD does not describe it as a complete concept. First of all, LCD 

focuses on the development of business applications deployed in a cloud environment. The platforms 

are offered as Platform-as-a-Service (PaaS) solutions, where all environments can be hosted by the 

vendor (Mendix, n.d.-e; Outsystems, 2013). Furthermore, a highly automated pipeline with automated 

lifecycle functionalities can also be found in LCD platforms. These functionalities are supported by 

cloud deployment features, performance measurement tools and other features (Min Tjoa et al., 2018). 

These features contribute to the ability to continuously implement new features, which confirms the 

potential fit with DevOps. 

  

Figure 1.1: Visual development environments in LCD 

(Min Tjoa et al., 2018) 
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In previous literature, LCD is connected to other methods. With its visual and automated development 

practices, LCD can be associated with the principles of Rapid Application Delivery (RAD) (Fernandes 

et al., 2017). The main goal of RAD is the fast development towards a functional product. Others suggest 

that agile planning activities with short iterations for requirement management are connected to LCD 

(Totterdale, 2018). Furthermore, some state the possibility of involving inexperienced developers in 

development practices. With this, a connection between LCD and End-User Development (EUD) can 

be seen (Melo et al., 2014).  

LCD platform vendors try to simplify the implementation of DevOps practices. They mention their great 

fit with DevOps by supporting pipeline, monitoring and automated testing features (Kony, n.d.; Mendix, 

n.d.-c; OutSystems, n.d.-a; ServiceNow, n.d.; SimplicitéSoftware, n.d.). Mendix, one of the leading 

platform vendors, also refers to an extended version of DevOps involving the business department, 

BizDevOps or DevOps 2.0 (Mendix, n.d.-a). With this method, there is a focus on business involvement 

in the development process. Multiple LCD platform vendors integrate functionalities that use DevOps 

techniques by integrating and supporting tools that use these techniques. For example, a tool that 

automates the Continuous Integration (CI) of development progress in a repeatable and fast way, or  a 

tool that monitors the health and status of all the applications deployed on the platform (Mendix, n.d.-

c). With these features, LCD platforms cover DevOps technological enablers (Smeds et al., 2015). 

In gray-literature, among which by Gartner (Vincent et al., 2018), are LCD practices where no coding 

is needed at all also referred to as No-Code Development (NCD). NCD focuses more on the involvement 

of inexperienced developers. In this report, NCD will be seen as a type of LCD, where LCD is the main 

umbrella concept including NCD practices. Mentioning gray-literature in the introduction is no 

coincidence. There is very little literature available on LCD, especially sources approaching it as a tool-

based approach instead of simply calling it a type of MDD-tool (Henkel & Stirna, 2010). Reports from 

commercial research institutions Forrester and Gartner form the largest source of information on LCD, 

approaching it as a new approach in software development. Forrester released multiple reports, 

approaching LCD as a new way of software development (Richardson & Rymer, 2014, 2016).  

The Forrester reports mention multiple LCD platforms, which are compared based on functionalities. 

Besides this platform comparison, an organizational change when adopting LCD is recognized as well. 

As stated in one of their reports in 2014 (Richardson & Rymer, pp. 9): “The shift to low code is not just 

about software development platforms. Our interviews with AD&D (Application Development & 

Delivery) teams adopting these platforms also uncovered a shift in methods, practices, and approaches 

for application development and delivery”. 

A comprehensive definition of LCD, incorporating all involved characteristics, is absent in literature. 

Without the knowledge on what exactly LCD is and what an organization should be capable of in order 

to exploit its benefits, adopting it in core business processes and environments may be risky. Without 

the presence of a well-defined definition of LCD as a multi-aspect tool-based approach, there is no 

guidance in adopting LCD. 

Despite the absence of literature, LCD is gaining popularity and larger companies are gradually 

considering implementing such a way of software development by adopting an LCD platform. In 2016, 

already 42 vendors are recognized by Forrester (Richardson & Rymer, 2016). In 2017, LCD had a 

market value of USD 4.32 billion and the expectation is that it will rise to a surprising USD 27.23 billion 

in 2022 (Markets and Markets, 2018). 
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1.1.3 LCD & DevOps Adoption Readiness 

Organizations may desire to adopt DevOps and consider exploiting LCD as a tooling approach. The 

potential great fit between LCD and DevOps may give much value. However, the required capabilities 

of this combination are unclear. Multiple sources elaborate on the adoption of DevOps practices 

(Mohamed, 2015; Smeds et al., 2015). However, since the exact characteristics of LCD are unknown, it 

is unclear how these practices will differ when DevOps and LCD are combined. This is relevant 

irrespective of whether DevOps is already adopted.  

Since a tool-based approach of LCD has multiple aspects, and DevOps involves both practices and 

tooling principles, successful adoption of the combination of these two will require more besides the 

selection of an LCD platform with a continuous integration pipeline. It requires moving to adjusted 

software development practices. Successful adoption of these practices is required in order to exploit 

the benefits that LCD and DevOps claim to have. Organizations need the ability to assess their readiness 

to adopt these LCD enabled DevOps practices.  

Adoption of new practices in general is not a simple procedure. This adoption process can include 

problems with both organizational and technical aspects (Khadka et al., 2014). Oftentimes employees 

are highly attached to their familiar systems and procedures and find it difficult to switch. Resistance 

within the company is very common and education may be needed. Furthermore, new capabilities may 

be required and technical problems may be faced when implementing a new IT technology in a rigid, 

monolithic architecture with processes that have been the norm for a long time. This may require changes 

in both the IT architecture and the way of working. Furthermore, an important technical challenge is the 

one of interoperability between other (outdated) systems within and outside the company’s IT 

architecture (Blair & Grace, 2012). 

1.2 Research Questions and Objective 

The objective of this study is to provide a tool to assess readiness for adopting DevOps combined with 

LCD. Companies who plan to adopt CSE practices in the form of DevOps and consider to explore LCD 

as a tool-based approach need to assess their readiness first in an holistic way with use of involved 

practices. In order to enable organizations to assess their readiness on the involved practices, the 

developed artifact of this research is a readiness self-assessment for LCD enabled DevOps. This 

readiness assessment is called the LCDevOps Readiness Self-Assessment (or LCDevOps RSA). This 

artifact identifies the capabilities an organization needs in order to master LCD enabled DevOps 

practices. Adoption readiness is described in sufficiently mastering the involved capabilities. Based on 

this research goal, the main research question is formed: 

RQ1: How can an organization which considers adopting DevOps combined with Low-Code 

Development assess their readiness with respect to the capabilities required for their successful 

adoption? 

Before being able to design such an artifact, a comprehensive definition of LCD has to be created. From 

the previous chapter it is possible to conclude that LCD is a new concept with increasing popularity that 

involves multiple aspects. It is more than only a new type of platform that makes use of visual modeling. 

It involves different practices in the whole SDLC. The limited research and gray-literature show that it 

has a connection with different aspects, however a definition where LCD is described as a multi-aspect 

tool-based approach is not present in current literature. Before adopting LCD, it is important to establish 

a clear view on what it is and what successful adoption requires. An intermediate output of this thesis is 

a comprehensive set of LCD characteristics, established from LCD platform features and involved 

practices, and adoption success factors. Furthermore, in order to stay in line with the final objective of 
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this study, the connection between the found LCD characteristics and DevOps is investigated. Based on 

this, the first sub-question of this research can be formulated: 

RQ1.1 What is Low-Code Development? 

a. Which platform features and practices characterize Low-Code Development? 

b. What are critical success factors of Low-Code Development? 

c. What are overlapping characteristics of Low-Code Development and DevOps? 

After defining LCD, the established definition gives more insight in how it could benefit organizations 

that develop business applications themselves. However, adopting LCD combined with DevOps in such 

a way to exploit the benefits of both concepts requires consideration of different aspects. Since LCD can 

be approached as a multi-aspect tool-based approach, adoption of LCD in a DevOps context involves 

different software development practices in the whole SDLC. An organization needs to be sufficiently 

capable in the involved practices in order to successfully adopt LCD combined with DevOps. A mapping 

of the developed LCD characteristics on DevOps practices in this study gives a comprehensive overview 

of DevOps practices combined with LCD characteristics. On top of this, a collection of LCD-specific 

capabilities will show the additional needed capabilities that are not included in the mapping of LCD 

characteristics on DevOps practices. Based on this, the second sub-question of this research can be 

given: 

RQ1.2 What capabilities should an organization have in order to be ready to adopt Low-Code 

Development successfully in combination with DevOps? 

a. What capabilities does an organization need in order to adopt DevOps practices with 

Low-Code Development characteristics successfully? 

b. What additional specific Low-Code Development capabilities does an organization 

need to be ready to adopt Low-Code Development with DevOps successfully? 

The main research question is answered and the research objective is reached based on the findings of 

the two defined sub-questions, which is the LCDevOps RSA. The research objective provides scientific 

contribution since it characterizes LCD and shows how LCD and DevOps relate to each other in a 

comprehensive way from a readiness perspective. Thus, the research contributes to the current literature, 

as this has not been done before. Furthermore, this research contributes by developing an assessment 

model which can be used by an arbitrary company that desires to adopt LCD combined with DevOps 

practices. The latter emphasizes the managerial relevance of this study. 

1.3 Research Setup 

1.3.1 Research Design 

This research is performed using the Design Science Research Methodology (DSRM) (Peffers et al., 

2007) with the main objective to design an LCD-enabled DevOps (or LCD-DevOps) readiness self-

assessment (the LCDevOps RSA). Before being able to achieve this main output, a clear definition of 

LCD has to be designed. Grounded Theory (GT) is used in order to construct this definition of LCD out 

of documentation of platform features and statements of industry experts. GT is a research methodology 

to generate theory out of (often unstructured) data (Stol et al., 2016). Within this GT process, open codes 

are constructed from online vendor documents of eight different platforms and experts’ statements. The 

open codes are used to perform axial coding. The axial codes describe the LCD characteristics that 

answer RQ1.1a. The axial codes have been aggregated one more time into a single statement defining 

LCD as a tool-based approach with use of selective coding. On top of the characteristics of LCD, open 

codes are used to define a collection of adoption success factors with use of axial coding. These factors 
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answer RQ1.1b. By identifying connections between the LCD characteristics and DevOps literature, 

RQ1.1c is answered. 

The answer to RQ1.2a, describing the objective to provide a mapping of LCD characteristics on DevOps 

practices, is achieved by mapping the developed LCD characteristics on a DevOps maturity assessment. 

An already established DevOps maturity assessment developed by the Scaled Agile Framework® 

(SAFe®)*, called the DevOps Health Radar, is used for this. During this mapping process, connections 

between the DevOps Health Radar and the LCD characteristics are detected, and content is added to the 

capabilities in the original DevOps Health Radar in order to make it an LCD-based DevOps readiness-

assessment. In order to answer RQ1.2b, LCD-specific capabilities are constructed for the practices 

which are not included in the mapping with use of axial coding of the earlier defined open codes.  

The main objective, the LCDevOps RSA, is achieved by combining the outputs of RQ1.2a and RQ1.2b. 

After constructing this artifact and validating it with use of interviews, it is demonstrated and evaluated 

in a case environment with three different teams in an IT-department. These teams rated themselves 

with use of the LCDevOps RSA in the form of a group discussion, where after they filled in an evaluation 

survey to evaluate the utility of the developed artifact.  

The scope of this research is limited to the development of business applications developed in a DevOps 

context. These business applications can range from small, departmental applications to larger, core 

back-end applications.  

1.3.2 Report Structure 

The structure of this report follows the Design Science Research Method (DSRM) by Peffers et al., 

(2007) that is used to design the research objectives. After this first chapter, Chapter 2 gives a literature 

review where the background of the research area and related research is discussed. The topics of 

DevOps and LCD are discussed here, where LCD is described based on the limited sources available in 

literature and available information in gray-literature. Furthermore, related technologies to LCD and 

DevOps maturity models are described. Chapter 3 consists of a detailed description of the research 

design, where each phase in the DSRM is explained in sequence. Afterwards, the results of the design 

phase of the definition of LCD and the LCDevOps RSA is discussed in two different chapters (Chapter 

4 and 5). Chapter 6 explains the demonstration and evaluation phase in the DSRM, including a 

description of the involved teams in the case environment and the evaluation results. To conclude, in 

Chapter 7 the conclusions, recommendations, limitations and possible future research is discussed. 

 

 

 

 

 

 

 

 

 

* SAFe® and Scaled Agile Framework® are registered trademarks of Scaled Agile, Inc. 
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2. Literature Review 
In the previous chapter, the concepts LCD and DevOps are introduced. This chapter elaborates on the 

research background of these concepts, starting with DevOps in the domain of CSE. Secondly, LCD is  

explained in more detail. Since there are limited sources on the topic of LCD in literature, each source 

found that describes LCD as an approach or as a platform is discussed. Separately, a section gives 

relevant information found on LCD in gray-literature. Thirdly, the potential benefits of LCD are 

explained. To conclude, LCD related technologies and research on DevOps maturity models are 

discussed in order to describe related research.   

2.1  Research Background 

2.1.1 CSE and DevOps 

CSE 

The world of software development is evolving. Companies are embracing numerous ways in order to 

cope with a rapidly changing environment and the increasing demand for software applications (Bosch, 

2014; Gurusamy et al., 2016). There is a need to simplify and speed up software development practices. 

Furthermore, in order to respond to competitive pressures, companies continuously need to evolve their 

software related practices (Bosch, 2014). With this in mind, CSE has come to life. As discussed before, 

CSE is an umbrella term including different practices that aim to increase the frequency and agility of 

specific software development practices within the whole SDLC. CSE provides a comprehensive set of 

practices and methods that aim to maximize continuity, connectivity and integration of systems and 

processes. Continuous, rapid adaption of software requires a tight connection between development and 

execution and provides the opportunity to integrate new functionalities repeatedly (Fitzgerald & Stol, 

2015). Figure 2.1 shows a visual representation of the different practices in the domain of CSE. As can 

be seen in the picture, CSE tries to cover the whole lifecycle of software development and proposes a 

continuous connection between the three main disciplines; business strategy, development and 

operations. 

 

Figure 2.1: Holistic view of continuous software practices (Fitzgerald & Stol, 2015, pp. 181) 
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CSE covers multiple continuous software practices, and each discipline has its own specific practices. 

However, Continuous Improvement, also called kaizen, is a practice that covers all three domains and 

tries to implement small incremental quality improvements with use of data-driven decision-making and 

elimination of waste (Fitzgerald & Stol, 2015). Other concepts in the domain of CSE try to bring the 

different disciplines together, under which DevOps, BizDev and Continuous Experimentation and 

Innovation. DevOps tries to bring software development and operations together, where BizDev links 

business strategy and software development. Continuous Experimentation and Innovation connects 

business strategy with operations (Fitzgerald & Stol, 2015). 

Most aspects in the domain of CSE are related to agile methodologies. Agile software development 

methodologies may not be in the visualization of Figure 2.1, it is however highly connected with CSE 

due to its frequent iterations and can be seen as part of the CSE domain (Fitzgerald & Stol, 2015; 

Rodríguez et al., 2017). Agile methodologies aim for high flexibility with the ability to change 

requirements over time (Beedle et al., 2001). During the development of applications, agile methods are 

characterized by multiple intermediate deadlines. Sprints, used in a well-known agile method called 

Scrum, are an example of these iterations with a fixed duration (Cohen et al., 2003). Initially, agile 

methodologies were only found suitable for small organizations. However, the need to scale agile 

practices to an enterprise level was needed and several initiatives were started. One of these was the 

Scaled Agile Framework® (SAFe®) developed by Leffingwell (n.d.). 

But what has to be done in order to move to a continuously changing software development process on 

a tooling level? As Bosch (2014) states, this starts with the requirement of an automated test suite, a 

main code branch and a modularized architecture.  

DevOps 

The concept within CSE that tries to connect development with operational practices is called DevOps. 

The exact definition of DevOps is inconsistently reported, where different sources mention different 

characteristics (Jabbari et al., 2016). However, some aspects have a dominant position in all definitions. 

The most obvious aspect is that DevOps aims to tackle the gap between operational and development 

practices within a software development organization (Davis & Daniels, 2016; Fitzgerald & Stol, 2015; 

Jabbari et al., 2016). An essential aspect here is the collaboration between these two disciplines in 

multidisciplinary teams, in order to “bridge the gap” between development and operations. Furthermore, 

it has a close connection with agile methodologies. Some sources state it extends agile by adding other 

disciplines to the continuous development process, others see that agile supports DevOps or that agile 

functions as an enabler (Jabbari et al., 2016).  

On a more technical level, DevOps definitions often propose tooling principles. This includes 

maximizing automation of all actions performed to the IT infrastructure. Ideally, this includes all actions 

on the infrastructure, namely build, deployment and release automation. Additionally, test automation 

is used as well, all in order to be capable to deploy repeatedly and fast (Lwakatare et al., 2015). Another 

well-known aspect in the technical domain is the inclusion of automated performance monitoring. 

During or after system upgrades, problems are detected, reported and corrected. Furthermore, 

measurement and analysis on end-user behavior data with use of monitoring tools can be analyzed for 

improvements and customization (Lwakatare et al., 2015). Feedback loops with qualitative feedback 

between developers and operators or end-users are also used in this process (Jabbari et al., 2016). By 

using performance and usage data, the efficiency and development process can be measured and 

evaluated as well, going beyond Quality Assurance (QA) by looking in more detail into quality and 

usefulness of newly implemented features in the production environment (Lwakatare et al., 2015).  
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Automation and small iterative changes are characteristics of DevOps that lead to aspects that are often 

referred to as Continuous Integration (CI) and Continuous Delivery (CD). CI is the process of 

continuously integrating new code to the main thread with use of automated tests and builds, where CD 

expands the idea of CI by automatically preparing changes for deployment and release (Davis & Daniels, 

2016). This set of automation tasks in the form of a tool can also be referred to as a CI/CD pipeline, 

which can also be called a DevOps pipeline (Min Tjoa et al., 2018). Min Tjoa et al. (2018) refers to 

DevOps as an extension of CD with additional feedback to the developers, logging and monitoring.  

Walls (2013) describes DevOps solely from a cultural perspective, including four main key cultural 

characteristics: open communication, incentive and responsibility alignment, respect and trust. Walls 

states the importance of these cultural characteristics, being key factors to consider when adopting 

DevOps. Davis & Daniels (2016) also approach DevOps from its cultural aspects. They state that the 

core of DevOps is in transitioning from working in teams to working in groups. This involves actively 

communicating and dynamically adjusting in order to work towards the vision of the organization. This 

is connected to sharing, a DevOps characteristic recognized by other sources (Fitzgerald & Stol, 2015)  

2.1.2 Low-Code Development 

LCD in literature 

Bernaschina et al. (2018) and Henkel & Stirna (2010) approach LCD platforms only by its most obvious 

aspect. They address well-known LCD platforms, OutSystems and Mendix, as MDD-tools. MDD is a 

software development approach where the focus lays on modeling software instead of coding with the 

use of modeling languages and automation (Selic, 2003). Instead of code, modeling languages are used 

to describe software. These modeling languages make use of standardized concepts. Furthermore, they 

are closely related to the problem domain and are less bound to underlying implementation technologies 

than original programming languages (Selic, 2003). This makes software development easier. With 

LCD, multiple layers of modeling are used to describe business applications. This includes Graphical 

User Interfaces (GUI), process and domain models that describe the appearance, behavior and 

construction of the business applications. Multiple languages like executable UML (xUML) for domain 

models and BPMN for process modeling can be used here in order to model processes and data structures 

(Henkel & Stirna, 2010; Morin et al., 2009). Often, these models are generated into code by the specific 

LCD platform. 

LCD platforms indeed use MDD principles to produce software, however some sources give more 

meaning to the term besides approaching it as MDD-tooling. Acerbis et al. (2015), for example, extend 

the concept by adding web-development as a characteristic of LCD platforms. Furthermore, Alves & 

Nunes (2016) describe LCD platforms Mendix and OutSystems by calling it a Platform-as-a-Service 

(PaaS). Before explaining PaaS, the term software platform will be explained. A software platform is a 

“software package that enables the realization of application systems” (Taudes et al., 2000, pp. 227). 

This includes development, use and management of the corresponding software components. Software 

platforms exist also in cloud computing for different software components offered as a service, a PaaS. 

PaaS solutions support cloud applications for the whole enterprise. With a PaaS solution, the company 

has control over the software deployment and configuration settings of the cloud applications where the 

vendor hosts the environments for a periodic fee (Alves & Nunes, 2016). 

Min Tjoa et al. (2018) refer to LCD as an approach rather than a platform type. They define the modeling 

characteristic into three layers; UI, Business Logic and a Data layer. Besides this three-layered modeling 

aspect, Min Tjoa et al. (2018) state that LCD platforms support a high level of automation, including 

automated testing and (cloud) deployments. This indicates that development with LCD focuses on 

simplifying software development outside the modeling practices. 
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A study approaching LCD by its simple development practices is by Melo et al. (2014), linking LCD 

with the concept of End-User Development (EUD). EUD is the approach of empowering end-users to 

develop and adapt software systems themselves (Lieberman et al., 2006). The study of Melo et al. (2014) 

included OutSystems as LCD reference in order to evaluate EUD technologies. In their study, 

OutSystems had the best chance of fulfilling end-user developers’ requirements. This could indicate that 

LCD is applicable for EUD due to the simplified development practices and automation features. Coding 

experience is not an essential requirement when using LCD. Due to certain functionalities of LCD 

platforms, developers do not need to be an expert and directly receive feedback on how their solution 

will look like. These functionalities include for example WYSIWYG (What You See Is What You Get) 

development of UI environments, pre-defined business logic modules and automated deployment 

features. This gives the opportunity to use an LCD platform as an EUD tool (Lieberman et al., 2006). 

However, other sources claim the contrary, referring that it is questionable if an organization wants to 

give the possibility to every employee to develop software applications on the platform due to security 

reasons (Olariu et al., 2016). In this situation, IT departments may not be aware of the launch of new 

business applications which contain possible unacceptable security risks or do not follow the regulatory 

requirements. Possibly, unwanted constructions of business logic modules in a single application could 

result in organization-wide problems. Besides, the level of complexity of the used business logic may 

not be suitable for end-user developers.  

Fernandes et al. (2017) focus on the fast development characteristics of LCD platforms, implying a 

relationship with Rapid Application Development (RAD). This approach finds its origin in the early 

90’s and focuses on fast, cheap development of high quality systems (Beynon-Davies et al., 1999). RAD 

can be seen as a complete methodology for the development lifecycle of information systems. Following 

the paper of Beynon-Davies et al. (1999), different characteristics of RAD can be recognized which 

affect the planning of application development. This is mostly done in small teams where requirements 

have to be finished within a small period of time. These requirements may be phased into different 

deliverables over the time-span of the project. The development of applications in RAD is done on small 

scale and short durations. Prototyping is done in an incremental order where the scope of each prototype 

is given by prioritizing the development aspects. In RAD, prototyping can be done in any stage of the 

application development.  

Totterdale (2018) identifies yet another connection between LCD and an existing concept in software 

development. Here, a connection with Fourth-Generation Programming Languages (4GL) is made. 4GL 

is a type of programming languages that are characterized by being domain-specific and having a higher 

level of abstraction (van Deursen et al., 2000). Another related concept stated by Totterdale (2018) are 

the earlier discussed DevOps practices. This latter connection is already raised to attention earlier, where 

this study focuses on combining DevOps with LCD. The study of Totterdale (2018) is the only available 

literature noting a direct connection between LCD and DevOps, where no further specification is given. 

This proves the need for further specification of this connection, which is established in this thesis. 

LCD in gray-literature 

LCD is a concept that finds its origin in the commercial world, resulting in a currently scarce amount of 

literature on the topic. However, commercial research institutions Forrester and Gartner did write about 

the topic in detail. Both institutions have reports on the specific platforms releasing each quartile, and 

both have extensive articles on the characteristics of LCD. Forrester addresses the transition to LCD as 

a cultural change besides the simple selection of a development tool. As they state in one of their reports 

(Richardson & Rymer, 2014, pp. 9): “New Platforms Mean New Culture, Practices, And Design 

Approaches”, implying that LCD does not only aim to function as a tool type. In another report, 

Forrester states that LCD can be used for all sorts of business applications on different levels. These 
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applications range from database management, process management, request handling and other 

purposes (Richardson & Rymer, 2016). Furthermore, Gartner states that the scale of applications range 

from small departmental applications to company wide information systems. These applications support 

functionalities that may make use of innovative technologies like Internet of Things (IoT), Artificial 

Intelligence (AI) and Machine Learning (ML) (Vincent et al., 2018). 

Combining EUD with LCD may involve a different type of software developers. Developers with less 

experience are able to develop applications with use of simplified development practices. A report by 

Gartner refers this as “citizen-development” (Vincent et al., 2018). The term citizen-developer does not 

specifically focus on end-users like EUD, but it implies a developer with some IT affinity and without 

extensive coding skills. They can work with IT on a daily basis but simply do not have extensive coding 

skills. Citizen-developers are becoming more popular due to increased demand for mobile and internet 

applications (Gurusamy et al., 2016) and the need for better business-IT collaboration (Alter, 2009). 

As earlier mentioned, LCD platforms can be seen as PaaS solutions (Min Tjoa et al., 2018). Gartner 

extends this term for LCD platforms by approaching them as a high-productivity application PaaS 

(hpaPaaS or high-productivity aPaaS) (Vincent et al., 2018). Gartner’s research performed by Vincent 

et al. (2018) describes aPaaS as “a PaaS offering that supports application development, deployment 

and execution in the cloud”. In order to include the RAD characteristics of LCD platforms, high-

productivity is added to the aPaaS term. 

2.1.3 Potential Benefits of LCD 

One of the biggest challenges that organizations are currently dealing with, is a complex and dynamic 

environment (McAfee, 2011). The traditional methodology of software development, which is waterfall 

(Ruparelia, 2010) combined with traditional coding, has difficulties to cope with this. Often, legacy 

systems are based on this type of software development (Boehm, 1988). With outdated, almost solidified 

systems and processes, it becomes nearly impossible to cope with this dynamic environment. LCD 

however attempts to tackle the problem of a fast changing environment, as development is intuitive, 

nimble and fast. Besides the elimination of coding practices, LCD platforms support automated 

deployment and testing functionalities in order to support fast prototyping, scaling and performance-

tuning (Min Tjoa et al., 2018). In this way, it becomes possible to lower throughput-time and quickly 

deliver a Minimum Viable Product (MVP). 

Gartner states another challenge that is being tackled by LCD, which is to improve communication 

between business departments and reduce unnecessary overlaps (Vincent et al., 2018). Furthermore, 

LCD tries to tackle the problem of a shortage of experienced software developers and a rising need for 

software applications, by involving inexperienced developers in the development process. The 

involvement of business departments in the development process could also lower the use of shadow-

IT (Kopper, 2017). Shadow-IT concerns all IT that is not authorized or controlled by the IT department. 

This is undesirable, as this leads to both security problems and to a decrease in control on the business 

processes and data (Walters, 2013). 

Another potential benefit of LCD platforms comes from the PaaS construction. Compared to the 

traditional way of software implementation, a PaaS is relatively easy to set up (Bibi et al., 2011). Another 

benefit of PaaS solutions is that the product is hosted at the provider. The provider hosts all solutions 

for every customer and is accountable for back-end problems. Therefore, problems will be fixed faster 

and maintenance by the provider becomes easier since no major individual upgrade has to be deployed 

every few years (Alves & Nunes, 2016; Lawton, 2008). 
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2.2  Related Literature 

2.2.1 Characteristics of LCD-Related Technologies 

The use of visual modeling to develop software applications is not a new a concept. Multiple techniques 

and tools preceded the rise of LCD platforms in the domain of MDD. Before being able to characterize 

LCD, it is of importance to characterize related tool-based approaches and locate it on the in the existing 

map of technologies. Therefore, two closely related tool-based approaches are described below; 4GL 

and Business-Process Management tooling. 

4GL Tooling 

The use of fourth-generation languages (4GL) is a concept that is already used since the late 80’s (Misra 

& Jalics, 1988). Misra and Jalics (1988, pp.9) characterize 4GL as “nonprocedural, end-user-oriented 

languages”, where features include screen- and report generation capabilities, features that contribute 

to ease of use and integrated database systems. Visual modeling languages with a high abstraction level 

can be used with 4GL in order to design business applications with the use of modeling languages such 

as UML (Davidson et al., 2001). 4GL tools aim for domain-specific applications, where often limitations 

exist when specific requirements are being faced (Misra & Jalics, 1988; van Deursen et al., 2000). 

A 4GL type of tooling is Computer-Aided Software Engineering (CASE). A well-known CASE tool is 

the Oracle Designer, which also uses modeling languages to develop software (Cerina-Berzina et al., 

2012). As stated by Forrester, it can be argued that LCD platforms evolved from this 4GL tooling, and  

cloud and integration features were added to the concept (Richardson & Rymer, 2016). 

Business-Process Management Tooling 

Business-Process Management (BPM) is not a tool-based approach, but it is the discipline of improving, 

managing and controlling essential business processes of an organization (Jeston, 2014). BPM tools are 

in line with this and partly focus on developing process-based enterprise-wide business applications 

(Brambilla et al., 2010). These tools focus on developing, maintaining and measuring business processes 

with designated modeling languages, such as BPMN (Business Process Management Notation). The 

process models are seen as the backbone of the solution. These tools could also include simulation 

modeling, where business processes are described with models and simulated afterwards (Jansen-

Vullers & Netjes, 2006). These process-oriented purposes are more specific than LCD, which focuses 

on enterprise-wide business applications in general. 

2.2.2 DevOps Maturity Models 

Maturity models and assessments can be used to get a better view on the required improvements to get 

mature DevOps practices. These can be used to measure the maturity of existing DevOps practices, or 

to understand what capabilities are required before implementing DevOps. Currently, there are only a 

small amount of DevOps maturity models described in literature. This subchapter summarizes three of 

the available DevOps maturity models. These models differentiate from the objective of this study since 

they only focus on the adoption of DevOps practices instead of the adoption of DevOps combined with 

LCD. 
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The first maturity model that strikes attention is from Mohamed (2015). This model is based on the 

Capability Maturity Model Index (CMMI) (SEI, 2006). CMMI is a software process maturity model 

that provides best practices on the whole SDLC. The five-level maturity model distinguishes DevOps 

maturity on four different categories; communication, automation, governance and quality management. 

In order to move to the next maturity level, a company should improve on all four categories. A 

visualization of the maturity model of Mohamed (2015) is represented in Figure 2.2.  

 

Figure 2.2: DevOps Maturity Model by Mohamed (2015) 

A different notable maturity model, which 

is different compared to the one of 

Mohamed (2015), is from the 

Scaled Agile Framework® (SAFe®). 

SAFe® is a framework that aims to guide 

scaled Lean Enterprises with principles, 

practices and competencies for Lean, agile 

and DevOps (Leffingwell, n.d.). The 

framework consists of five core 

competencies; Lean-Agile Leadership, 

Team and Technical Agility, DevOps and 

Release on Demand, Business Solutions 

and Lean Systems Engineering, and Lean 

Portfolio Management. The maturity 

assessment explained in this section 

focuses on one of these competencies; 

DevOps and Release on Demand. Within 

this competency, SAFe® describes a 

maturity assessment called the DevOps 

Health Radar (The Scaled Agile 

Framework®, 2018). This is a model that Figure 2.3: DevOps Health Radar, © Scaled Agile, Inc. 
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functions as a maturity self-assessment and divides DevOps maturity in four dimensions; Continuous 

Exploration, Continuous Integration, Continuous Deployment and Release on Demand. Each dimension 

has four sub-dimensions, resulting in a total of sixteen different sub-dimensions. Each sub-dimension is 

described as capability. This consists of two parts; a description of the DevOps practice and a description 

of 5 possible maturity levels. A visualization of the SAFe® DevOps Health Radar is shown in Figure 

2.3.  

Another DevOps maturity model is developed by McCarthy et al. (2015). This model encapsulates the 

Information Technology Infrastructure Library (ITIL) framework and agile development methodologies 

and aims to guide and incrementally improve development and operations practices into cohesive, 

collaborative processes. This is visualized into a maturity ladder, where a company can reach five 

different maturity levels on a collection of practices. Figure 4.2 shows the visual representation of this 

model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The model of McCarthy et al. (2015) strives for mature “composable DevOps”, aiming to divide DevOps 

practices into inter-related components that follow certain key design principles. Major solution 

components included in this model are a Composable DevOps Runtime, a Monitoring framework, a 

DevOps Portal and others. 

 

  

Figure 2.4: DevOps maturity model by McCarthy et al. (2015) 
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3. Research Design 
This research aims to develop an LCD-enabled DevOps readiness self-assessment called the LCDevOps 

RSA. The Design-Science Research (DSR) is used as the design approach for the development of this 

artifact (Hevner et al., 2004; Peffers et al., 2007). DSR is a research methodology in the discipline of IS 

(Information Systems) where the design, development and evaluation of artifacts in research projects is 

guided by a set of principles (Peffers et al., 2007). This is in line with the objective of this study; 

developing a validated LCD-enabled DevOps readiness self-assessment. More specifically, the DSR 

Methodology (DSRM) by Peffers et al. (2007) is followed, which structures the activities of the research 

process. Following this methodology, the goal is designed, the artifact is developed and validated by 

industry experts. Furthermore, it is demonstrated to a case environment and it is evaluated on its utility 

by the involved participants of the demonstration phase.  

Before being able to develop the LCDevOps RSA, LCD is defined. In order to construct a definition of 

LCD as a multi-aspect tool-based approach, which is the objective of RQ1.1, Grounded Theory (GT) 

(Wiesche & Yetton, 2017) was applied. With GT, LCD characteristics are extracted with use of semi-

structured interviews and online vendor documents. After defining LCD it became possible to construct 

the LCDevOps RSA. This construction was designed by combining an already established DevOps 

maturity assessment, the characteristics of LCD and validating interviews. In Figure 3.1, the performed 

practices in the DSRM lifecycle are mapped onto the different stages. In practice, the activities in the 

phases are performed in a more iterative manner. Figure 3.2 gives a visual representation of the roadmap 

of the research with each research task in chronological order. In this overview, it can be seen that the 

LCD definition is used as input to define the LCDevOps RSA. The upcoming subchapters will elaborate 

the individual stages of the DSRM by Peffers et al. (2007). 

 

Figure 3.1: Research Steps and output of DSR practices 
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Figure 3.2: Research Roadmap 

3.1  Problem Identification 
This research is initiated with the identification of the research problem context. This is discussed in 

Chapter 1. There are three main research problems. First, there is no overall definition of LCD as a tool-

based approach. Second, there is no literature on the exact involved practices when combining LCD 

with DevOps. Third, there is no opportunity to assess readiness on these practices. These problems 

encapsulate the foundation of the research question, referring to the gap between the unknown tool-

based approach LCD and the desired mature practices when combining it with DevOps. Companies 

which consider adopting DevOps in combination with using LCD as a tooling option need to assess their 

readiness. Based on this, the following research questions are formulated: 

RQ1: How can an organization which considers adopting DevOps combined with LCD assess their 

readiness with respect to the capabilities required for their successful adoption? 

RQ1.1 What is Low-Code Development? 

RQ1.2 What capabilities should an organization have in order to be ready to adopt Low-Code 

Development successfully in combination with a DevOps methodology? 
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3.2 Define Objectives 
The main objective of this study is developing the LCDevOps RSA. With this assessment, it is possible 

to assess adoption readiness of LCD combined with DevOps practices. The LCDevOps RSA provides 

a number of LCD-DevOps practices, where a company can give a score on a scale from one to five. The 

LCDevOps RSA is based on characteristics of LCD and an already established DevOps maturity 

assessment consisting of individual practices that characterize DevOps maturity. 

The definition of LCD is an intermediate research objective and is described in multiple characteristics, 

one overarching term combining these characteristics and a selection of adoption success factors. 

Furthermore, the connection between the developed LCD characteristics and DevOps is given. 

Connected practices between LCD and DevOps are established after developing a mapping of LCD 

characteristics on a DevOps maturity assessment. Furthermore, LCD-specific practices are established. 

The LCDevOps RSA is evaluated on perceived ease of use, perceived usefulness and intention to use. 

These are three concepts from the Technology Acceptance Model (TAM) (Venkatesh & Davis, 2000). 

The final artifact gives required practices to achieve DevOps maturity in combination with LCD. It can 

function as a tool to give more insight in needed points of improvement in order to ensure readiness for 

successful adoption of DevOps-LCD practices. 

3.3 Design Solution 

The design phase aims to design the research objective which 

follow from the main research question. This phase is divided 

into two parts; the construction of a definition of LCD and the 

actual design of the LCDevOps RSA. Figure 3.2 shows the 

clear distinction between these phases. The upcoming 

subchapters describe the two phases in this design process in 

more detail. 

3.3.1 LCD Definition Design Phase 

The first sub-question of this research focuses on the creation 

of a definition of LCD (“What is Low-Code Development?”). 

The research method for this research question follows a GT 

approach. GT is used here since a definition of LCD had to be 

generated based on qualitative findings that find their origin 

on a divided range of sources, which include online vendor 

documents and expert statements (Stol et al., 2016). 

Different GT techniques are used to transform the collected 

data of the different sources into theory. These include 

theoretical sampling, open coding, constant comparison, axial 

coding, selective coding and memoing (Stol et al., 2016; 

Wiesche & Yetton, 2017). Figure 3.3 shows a detailed visual 

representation of the setup of this phase with the 

corresponding GT techniques.  

  

Figure 3.3: Research Setup RQ1.1; 

LCD definition creation with 

Grounded Theory 
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To collect the data, two different inputs are used; documentation of tool features from online vendor 

documents and experts’ statements from semi-structured interviews. This is based on theoretical 

sampling, which involves the selection of data based on earlier found data (Wiesche & Yetton, 2017). 

With this technique, it becomes possible to alter the selection of new data during data gathering. The 

two techniques for data collection are discussed separately below. 

Tool Feature Documentation Collection 

A collection of documentation of tool features combines features of eight different platforms. Online 

vendor documents (e.g. web-pages and platform documentations) are used as input. Selected LCD 

platforms are mapped on two characteristics. The first characteristic is the distinction between Low- and 

No-Code Development practices. This can be described on a continuous scale since some platforms 

claim to provide both Low- and No-Code practices. This information is based on a report of Gartner 

(Vincent et al., 2018). The second characteristic is whether the platform is developed for general 

purposes opposed to specific purposes. General-purpose platforms aim to support development of 

different application types around the whole organization including both back-end and front-end 

environments. Specific-purpose platforms however try to support specific types of applications for 

specific purposes in an organization, giving them more added value in specific cases. For instance, 

specific-purpose platforms can focus on the development of database or CRM related applications.  

During the selection of the platforms, the Magic Quadrant for hpaPaaS vendors of Gartner (Vincent et 

al., 2018) and the Low-Code Reports of Forrester (Richardson & Rymer, 2014, 2016) are used. With 

over 40 platform vendors recognized by Forester covering different platform categories (Richardson & 

Rymer, 2016), a representative collection of eight platforms is selected based on inclusion criteria. The 

platform inclusion criteria are based on the reports of research institutions and websites of vendors.  

These criteria are selected in order to ensure that online vendor documents provide enough information 

and that the selected platforms are indeed LCD platforms. The criteria are summarized below. 

Platform inclusion criteria 

An LCD platform included in this tool feature documentation collection…  

- has a clear relationship with LCD based on the available information sources 

- has clear documentation available on technical details and vision 

- is mentioned by one or more (commercial) research institutions 

- recognizes themselves as LCD and/or NCD platform 

- claims to have the ability to support development of enterprise-wide business applications 

After selecting multiple LCD platforms, data is collected from online vendor documentation by using 

theoretical sampling of online vendor documents that talk about LCD platform features. Feature 

inclusion criteria are handled for multiple reasons. First of all, they are added in order to exclude features 

that are too specific or generic which do not say something about LCD. Secondly, included features 

should be objective, preventing inclusion of features that may not be true. Thirdly, features should not 

be a paid add-on, implying that the functionality is out of the scope of the LCD vendor. The criteria for 

inclusion of a feature in the tool feature collection can be found below. 
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Feature inclusion criteria 

- A feature should not be too generic, focusing on a broad range of aspects which is relevant for 

all software development platforms. 

- A feature should not be too specific, giving no possibility for a broad range of platforms to 

support it. 

- A feature which is a mandatory condition for developing applications should be characterized 

by a specific property in order to characterize an LCD property. 

- A feature should be objective, giving no possibility to overestimate the benefits LCD could give. 

- A feature should not be a paid add-on by an external vendor as an extension to the standard 

platform features.  

The interviews with industry experts are used to validate the connection of included features and LCD. 

These interviews are discussed subsequently. 

Interviews 

The second data collection technique is semi-structured interviews with industry experts. These 

interviews are conducted with a wide range of experts, either employed by a platform vendor or a 

consultancy company. Besides asking for the viewpoint of these experts on the definition of LCD and 

its corresponding practices, the outcomes of the tool feature documentation collection were also 

discussed.  

The involved domain experts all have experience with one or more of the included platforms in the tool 

feature collection and gained this experience as a consultant or by working at one of the platform 

vendors. Furthermore, they have in-depth knowledge on the platform functionalities as a whole with at 

least two years of experience with LCD and a relatable background. Information on the specific 

interviewees will be elaborated in Chapter 4. 

The interviews took approximately one hour. Every interview addressed the expert’s opinion on the 

definition of LCD and its corresponding practices. Furthermore, the earlier included features documents 

were validated for completeness and correctness where possibly adjustments were suggested. To 

conclude, critical adoption success factors of LCD were discussed during the interviews. This section 

was included in order to be able to develop a collection of adoption success factors. The protocol of the 

semi-structured interviews was developed with use of the paper of Myers & Newman (2007). It can be 

found in Appendix A. The interviews were recorded and summarized. Afterwards, the summaries were 

sent to the interviewees asking whether they agreed with the included information. 

Open and Axial Coding 

The outcomes of both data collection techniques are coded into open codes. Open coding is the practice 

of attaching initial labels to the available data (Wiesche & Yetton, 2017). In this research, the data is 

given tags and properties in order to describe the gathered information. The tag represents the category 

of the open code and the property denotes what the open code specifies about the tag. During this coding 

practice, constant comparison and memoing is performed simultaneously. Constant comparison is the 

practice of constantly comparing any unit of data between categories and memoing entails write-ups of 

ideas during the analysis (Wiesche & Yetton, 2017). Online vendor document content and statements 

are constantly compared and memos are used to better define this raw data as consistent open codes. For 

the two data collection methods, the raw data and initial coding practice is separately represented in the 

Appendix B. The final open codes are represented together in Appendix C. Table 3.1 shows a template 

of the tables represented in Appendix B and C.  
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Feature Documentation Collection Appendix B.1   

Open Code Platform X Platform Y Platform Z Platform A C 

Open Code 1 Feature X1 - Feature Z1 Feature A1 p% 

Open Code 2 - Feature Y2 Feature Z2 Feature A2 q% 

      

Interviews  Appendix B.3   

Interviewee Statement Open Code Tag Property 

Interviewee 1 Statement XYZ Open Code YX Tag Y Property X 

Interviewee 2 Statement ABC Open Code BC Tag C Property B 

 

Combined Open Codes Appendix C 

Open Code Tag Property Source C 

Open Code YX Tag Y Property X Interviews y% 

Open Code 1 Tag 1a Property 1b Features p% 

Table 3.1: Open Coding Template  

 

The raw data of the collected feature documentations is represented in Appendix B. Appendix B.1 

displays the names of the open codes (generic features) and specific content from the platform 

documentations. Each cell where a connection “Platform X – Open Code X” is addressed, could lead 

into four different situations:  

1. Green indicates that the open code is fully supported by the platform feature document.  

2. Yellow indicates that the open code is partly supported by the platform feature document.  

3. Red indicates that the open code is not supported by the platform document.  

4. Blue indicates that the open code can be achieved by integration of an add-on of a different 

vendor for an additional fee. 

The total coverage of the open codes by the included platforms is also given. The coverage (C) of an 

open code extracted from this feature document collection is calculated with use of the following 

equation: 

𝐶 =
1 ∗ 𝑁𝐺𝑟𝑒𝑒𝑛 + 0.5 ∗ 𝑁𝑌𝑒𝑙𝑙𝑜𝑤 + 0 ∗ 𝑁𝐵𝑙𝑢𝑒 + 0 ∗ 𝑁𝑅𝑒𝑑

𝑁𝐼𝑛𝑐𝑙𝑢𝑑𝑒𝑑 𝑝𝑙𝑎𝑡𝑓𝑜𝑟𝑚𝑠
 

As can be seen in the formula, a platform document does not support the open code if it is only covered 

by a paid add-on by an external vendor (Blue). This is based on the earlier determined feature inclusion 

criteria in this chapter. The sources on which the open codes are based are represented in Appendix B.2.   

The process of forming open codes from raw data from the interviews is represented in Appendix B.3. 

In this overview, properties and tags are already given to individual statements. These statements are 

extracted from interview summaries. 

Appendix C represents all open codes in this study. In this overview, tags and properties are added to 

the open codes extracted from feature documents. Furthermore, the coverage of an open code (C) 

extracted from interviews is calculated. This is the percentage of interviewees that supported the 

statement. Source indicates the origin of the open code (interviews or Documents). 
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With use of the open codes, axial coding is performed to construct the LCD characteristics and success 

factors. Axial coding is the practice of a detailed analysis of one category (Wiesche & Yetton, 2017).  

This involves finding relationships between open codes to define axial codes. The open codes from both 

sources are combined in order to define LCD. Table 3.2 gives a template of the columns in Appendix 

D, where the axial coding process is displayed.  

Axial Codes  Appendix D    
Open code Tag Property Source C Axial code 

Open Code XYZ Tag Y Property X Interview y% Axial Code Y  

Open Code AYZ Tag Y Property A Documents x% 

Table 3.2: Axial Coding Template 

3.3.2 LCDevOps RSA Design Phase 

The design of the LCDevOps RSA answers RQ1.2 and the main research question. This artifact gives 

insight in the required capabilities to adopt LCD combined with DevOps. The output of RQ1.1 and a 

DevOps maturity assessment are used to define the needed capabilities.  

A DevOps maturity assessment is used as base of the LCDevOps RSA. The earlier defined LCD 

characteristics are mapped onto this maturity assessment. Connections between the DevOps maturity 

assessment and the LCD characteristics are established by mapping the developed LCD characteristic 

onto each component of the DevOps maturity assessment. This results in possible additions to the 

original DevOps assessment. These additions can imply more specific practices when using LCD or 

practices that are simplified or automated. The transformed DevOps maturity assessment gives a 

representation of needed capabilities for DevOps practices combined with LCD, which answers RQ1.2a. 

However, this does not give a complete view on the needed capabilities for successful adoption of LCD 

practices. Therefore, additional specific capabilities for LCD maturity are added to the LCDevOps RSA 

which answer RQ1.2b. These additions are constructed with use of axial coding of the outcomes of 

RQ1.1. 

Validation interviews with industry-experts, which are also called member checks, are used to validate 

the correctness, completeness and understandability of the artifact (Buchbinder, 2010). During this 

process, content added to the items in the LCDevOps RSA is validated. The transitions from the initial 

item of the DevOps maturity assessment into the LCD-based item are the validated aspects since this is 

the area where value was added. Therefore, additions to the assessment were highlighted during the 

validation interviews. Adjustments are made based on the outcomes of the validation interviews. These 

adjustments can be subdivided into two main categories. The first type of adjustments includes minor 

textual adjustments, which were directly implemented after the interview. The second type of 

adjustments were only implemented after all interviews, and only with sufficient support and agreement 

among the interviewed experts. These adjustments include the addition or removal of an entire LCD-

specific item or a part of an item and restructuring the artifact. The adjustments based on the specific 

interviews are summarized and sent back to the interviewees to ask for agreement. 
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3.4  Demonstration 
The LCDevOps RSA is demonstrated in a case environment, where members of three different teams at 

the IT-department of this case environment assessed their team on their LCD-DevOps readiness as a 

group. During these group discussions, they assessed their own LCD-DevOps readiness based on their 

current practices and discussed what has to be done in order to make a potential LCD-DevOps adoption 

process more successful. This case environment was not yet performing LCD nor DevOps on a daily 

basis.  

The group discussions all started with an introduction of LCD and its potential in order to ensure 

sufficient knowledge among all participants. After this introduction, DevOps and the potential fit 

between LCD and DevOps was explained. Subsequently, the research objective of this thesis and the 

LCDevOps RSA was introduced and explained, where after the group self-assessment process began. 

The groups were asked to rate themselves on the capabilities in the LCDevOps RSA, with a potential 

discussion on what had to be done in order to get to a higher maturity level. 

The included teams have diverse characteristics on three dimensions. These dimensions include 

experience with LCD, the amount of experience with cloud solutions and the experience with agile 

software development. Employees with expertise on multiple disciplines took part in the group 

discussions. Participants had development, operations or business expertise. Detailed information on the 

case environment will be further explained in Chapter 6.  

3.5 Evaluation 
After the demonstration of the LCDevOps RSA in group meetings, a survey is deployed among the 

participants to assess the utility of the LCDevOps RSA. This utility survey includes questions which 

assesses the objective of this research; namely a validated self-assessment that is capable to give a better 

insight into the LCD-DevOps adoption readiness. Questions are included based on the Technology 

Acceptance Model (TAM) (Legris et al., 2003), which assess the perceived usefulness, perceived ease 

of use and the intention to use the LCDevOps RSA. These questions ultimately try to assess the 

acceptance of the artifact in the target environment. 
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4. Defining Low-Code Development 
This chapter focuses on answering RQ1.1; “What is Low-Code Development?”. Using GT, a definition 

is formed out of online vendor documents and semi-structured interviews. First, the tool feature 

documentation collection from vendor documents will be discussed, where the included platforms are 

explained based on the inclusion criteria. Secondly, the setup and outcomes of the semi-structured 

interviews are discussed. Thirdly, the construction of the definition, consisting of LCD characteristics 

and adoption success factors, is argued. To conclude, the connection between the definition of LCD and 

DevOps is discussed. 

4.1  Tool Feature Documentation Collection 
The tool feature documentation collection in this research aims to gather LCD platform characteristics 

with use of online vendor documents. The data gathered in this phase characterizes LCD platforms. 

During this phase, documents of LCD platform vendors are examined using theoretical sampling, 

constant comparison, memoing and open coding. This is an iterative process where the data gathered 

from online vendor documents is constantly compared and summarized into generalized features that 

function as open codes. The open coding process will be further elaborated in Chapter 4.3, as this is both 

relevant for tool feature documentation collection as well as for the interviews. 

Eight platforms are included in this tool feature documentation collection. These include Mendix, 

OutSystems, Salesforce Lightning, Betty Blocks, Kony, ServiceNow, Simplicité Software and Intuit 

QuickBase. These platforms are selected based on the platform inclusion criteria described in Chapter 

3.3.1 and mapped on the two below described characteristics, creating a representative collection of 

LCD platforms on all combinations. Brief descriptions of the specific platforms, on which the selection 

is based, are given in Appendix E. 

The first characteristic is the distinction between Low- and No-Code Development platforms. This is a 

continuous scale since some platforms provide both Low- and No-Code practices  (Vincent et al., 2018). 

OutSystems, Simplicité Software and Salesforce Lightning solely focus on LCD practices. Kony, 

Mendix and ServiceNow provide both LCD as NCD possibilities. Platforms providing specifically NCD 

functionalities are still in a very early phase with a minimal amount of vendors specializing in it. Betty 

Blocks and Intuit QuickBase are the platforms included in this research purely focusing on NCD 

practices. 

The second characteristic on which the LCD 

platform vendors are mapped, is general-

purpose opposed to specific-purpose platforms. 

The most included platforms are general-

purpose platforms since they cover the widest 

range of LCD features. These include Betty 

Blocks, Mendix, Kony, OutSystems and 

Simplicité Software. Three specific-purpose 

platforms are also included in order to cover 

both platform types, including Intuit 

QuickBase, ServiceNow and Salesforce 

Lightning. In Figure 4.1, the selected platforms 

are mapped among the categories.  

  

Figure 4.1: Platforms included in tool feature 

documentation collection visually categorized 
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The gathered data, shown in Appendix B.1, shows already overlapping characteristics of LCD platforms. 

An obvious first aspect is that all platforms support visual modeling features with almost always the 

possibility to customize applications with custom code. Second, all platforms supported automation 

features. These could include code generation or model execution, direct deployment, automated testing, 

version management tooling and performance monitoring. Third, an important aspect which is covered 

by all platforms is the use of integrations by using API’s and webservices. The standardized integrations 

are available through both online stores and custom integrations. Fourth, most platforms also support 

agile software development, with the possibility to manage projects, sprints, backlogs and user stories. 

Fifth, all platforms supported public or private cloud deployment with a PaaS construction, with the 

possibility to try the platform for free and use trainings or lessons to learn how to use the platform. On-

premise use of the LCD platforms is often also possible, however this would take away the PaaS 

functionality of the platform since the infrastructure is not hosted at the vendor anymore. 

There are features which are only partly covered by the platforms. These include application quality 

monitoring features to measure the maintainability of an application, continuous quality and consistency 

checking, specific automated testing features, use of roles in agile tools and custom integrations with 

ERP systems. These features are not specific LCD platform functionalities, however they show that 

LCD platforms support automation, integration functionalities and agile methods. These functionalities 

are covered by a scale of different features. In order to support these generic characteristics, these 

specific features are included in the feature collection.   

4.2 LCD Definition Interviews 
The second data collection technique is the use of semi-structured interviews with experts of LCD 

platform vendors and consultancy companies. During these interviews, the interviewees were asked 

what LCD is as a tool-based approach and what practices it involves. Additionally, the collected tool 

feature documents were discussed. To conclude, LCD adoption success factors of LCD were discussed. 

The protocol of these interviews can be found in Appendix A. The open coding process of these 

interviews is elaborated in Chapter 4.3, together with the data of the tool feature documents. 

The interviewed experts together had experience with three types of platforms; Mendix, OutSystems 

and Betty Blocks. The reference codes, which will be used in the remainder of this report, the dates of 

the interviews, the function of the interviewees and platform of expertise are displayed in Table 4.1. 

Elaborated interview summaries can be provided on request. Outcomes of the derived data will be 

discussed in the upcoming chapters. 

Code Date Function Platform of expertise Company Type 

Int-1 07-11-2018 Technology Director OutSystems Consultancy  

Int-2 31-10-2018 Sales Director OutSystems Platform Vendor 

Int-3 06-12-2018 Business Unit Manager Betty Blocks Consultancy 

Int-4 23-10-2018 1 Business Consultant and 1 

Account Executive  

Betty Blocks Platform Vendor 

Int-5 30-10-2018 Business Technology 

Consultant | Mendix MVP 

Mendix Consultancy 

Int-6 02-11-2018 2 Business Engineers Mendix Consultancy 

Int-7 07-11-2018 Services Delivery Manager 

INTL & SAP 

Mendix Platform Vendor 

Int-8 16-11-2018 Solution Lead Low-Code 

Development 

OutSystems, Betty 

Blocks & Mendix 

Consultancy 

Table 4.1: Definition Interview Details 
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4.3 Open Coding 
The gathered information from both data collection techniques is used to construct open codes that 

define LCD. The coding process of both techniques can be found separately in Appendix B. However, 

this resulted from an iterative comparison process, where the tool feature documents were used as input 

for the interviews and the other way around. This comes from the principles of theoretical sampling and 

constant comparison in GT (Wiesche & Yetton, 2017). The combined open codes used to define LCD 

and its success factors can be found in Appendix C.  

The raw data and names of the open codes of the gathered feature documents are represented in 

Appendix B.1. These represent the individual platform documents and generalized features that function 

as open codes. Three examples that support this are shown in Table 4.2. In each cell, the number 

represents the reference to the used source, which can be found in Appendix B.2. A detailed explanation 

of the tables is given in Chapter 3.3.  

Table 4.2: Example of Open Coding of Platform Feature Documents (Appendix B.1) 

The process of transforming raw data from interviews into open codes can be found in Appendix B.3. 

By first extracting key-words, phrases and statements from the interview summaries, open codes are 

created. The open codes are described in tags with specific properties. Table 4.3 shows an example of 

the individual open codes of the interviews.  

Table 4.3: Example of Open Coding of Interview Statements (Appendix C.1) 

The final open codes are represented in Appendix C. In this table, information is added on the coverage 

of the open code (C) by the interviewees and properties and tags are added to the open codes gathered 

from platform documents. Each open code is given a number for further reference. An example of this 

table is given in Table 4.5. These open codes are used to develop LCD characteristics and success 

factors. This is elaborated in the next Chapter. 

Table 4.5: Example of Summarized Open Codes Interviews (Appendix C.2)  

Int Statements Open Code Tag Property

1 LCD uses graphical modeling languages Visual modeling Design Technique Visual

2 Faster communication between business and IT departments Closer collaboration between 

business and IT departments

Business-IT collaboration Close

5 Cloud is an essential part of LCD, on-premise is possible but 

not recommendable; Use cloud features in order to exploit 

the benefits of LCD

Cloud as main environment 

with possibility for on-premise 

deployment

Deployment and 

operations

Cloud focussed, 

on-premise option

N Open codes Tag Property Source C

1 Visual modeling Design Technique Visual Interviews 100%

17 Fast software development Development method Fast Interviews 88%

61 Scalability features Cloud Scalable load handling Features 94%

21. Application 

Performance 

Monitoring 

Features

21.1 Application 

Performance Monitor 

(APM) with application 

level peroformance 

monitoring 

21.2 Performance 

Monitoring dashboard for 

application level analytics, 

Business Activity 

Monitoring dashboard for 

process optimization and 

logging tools

21.3 Application 

logging feature to 

monitor application 

performance in 

performance tool

21.4 Application 

Performance tool 

available on 

AppExchange

21.5 Application 

Performance 

Management (APM) 

tool

21.6 App performance 

monitoring features in 

Application 

Performance Monitor 

(APM)

21.7 Performance 

Monitoring dashboard 

with application 

performance monitoring 

features

21.8 Performance 

Monitoring Bar for 

application 

performance 

monitoring

100,0%

25. Automated Unit 

Testing

25.1 Automated unit 

testing module available

25.2 BDD Framework for 

setting up automated unit 

tests

Not Supported

25.4 Automated unit 

testing features in Apex 

coding language in 

Heroku environment

25.5 Unit teseting 

feature in Automated 

Testing Framework

Not supported
25.7 Automated unit 

testing features
Not Supported 56,3%

26. Automated non-

functional testing

26.1 Non-functional 

testing features in ATS

26.2 Automated load-

testing feature in Jmeter 

tool

Not Supported

26.4 Automated 

performance testing in 

eureQa testing tool

26.5 Production 

Readiness Services with 

Load and performance 

testing features

26.6 Load testing 

features in CloudTest 

tool

Not Supported Not Supported 34,8%

C6. Kony 7. Simplicité Software 8. Intuit QuickBaseOpen Code 1. Mendix 2. OutSystems 3. Betty Blocks 4. Salesforce 

(Lightning, 

Salesforce1 platform)

5. ServiceNow Now 

Platform
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4.4 What is Low-Code Development? 
With the use of the open codes, axial coding is performed. Connections between open codes are 

investigated during this phase. The outcomes of this phase answer RQ1.1: “What is Low-Code 

Development?”, and resulted in eight main categories of LCD and five adoption success factors. The 

eight LCD characteristics are discussed first, whereafter the success factors are discussed. This chapter 

will conclude with overlapping characteristics between LCD and DevOps. 

4.4.1 LCD Characteristics 

The eight defined LCD characteristics that characterize LCD as a tool-based approach are described 

below. These characteristics answer RQ1.1a: “Which platform features and practices characterize Low-

Code Development?”. They result from axial coding of the open codes from the interviews and online 

vendor documents. Results of this research step, including the used open codes, are included in 

Appendix D.1. Each characteristic is given a label as a reference for the remainder of the report. Specific 

statements of interviewees are added to support the characteristics. 

LCDchar1. Visual, component-based modeling 

Visual, component-based modeling is a key characteristic of LCD. The platforms included in the 

tool feature collection support the option to develop applications visually on three different 

modeling levels; GUI’s, process models and a domain model. Often, these modeling environments 

include drag-and-drop functionalities. All interviewees saw this aspect as a main characteristic of 

LCD. Furthermore, LCD platforms provide the possibility to add custom code where needed. This 

can be done on multiple levels; custom UI’s, custom components that can be added to a component 

library or complete pieces of custom JavaScript can be added to the application. 

LCDchar2. Cloud Centered with PaaS Functionalities to Develop Business Applications 

LCD platforms are cloud centered platforms with PaaS functionalities and give the possibility to 

host on-premise to develop enterprise-wide business applications. All included platforms have a 

focus on being hosted on the cloud, with the possibility between a public and a private environment. 

LCD practices are based on the development of enterprise-wide business applications, where end-

user facing web- and mobile applications can be deployed on universal devices with arbitrary 

operating systems.  

Although on-premise deployment is in many cases an option with LCD platforms, the focus lays on 

cloud solutions. All interviewees support this statement, where one interviewee states the prediction 

that in five years all solutions will be cloud centered since the security standards of cloud providers 

like Amazon and Azure cannot be reached on-premise (Int-1). Another interviewee stated that using 

an on-premise structure would come at the expense of deployment speed and quality of LCD 

platforms (Int-8). Also, stability would not be the responsibility of the vendor anymore, as this is 

guaranteed with cloud solutions. 

LCD platforms provide different types of PaaS functionalities for both the development and the 

operational environment. When deploying on a public cloud environment, operational environments 

of LCD platforms function as a PaaS solution. This is also the case with a private cloud environment, 

where the infrastructure (IaaS) environment is of own choice, and the application platform is 

provided as a service on top of this infrastructure. With an on-premise solution, LCD platforms are 

technically not a PaaS solution since they are not hosted as a service. In some cases, also the 

development environment is offered through the browser, making the development environment 

part of the PaaS. The platforms are either based on existing PaaS solutions like Cloud Foundry or a 

PaaS specifically for the platform. 
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LCDchar3. High Level of Automation 

Besides simplifying development practices of an application, LCD tries to maximize automation 

practices within the SDLC. Automated deployment, version control, testing and performance 

monitoring are features of LCD platforms that support this maximized level of automation. This is 

in line with the “fast and easy” application lifecycle processes viewpoint of LCD platform vendors. 

These features also support DevOps functionality. Both the collected tool features and the interviews 

supported that this is a characteristic of LCD.  

LCDchar4. Leveraging Fast, Iterative Methods 

LCD leverages fast, iterative application development as with agile methodologies. Although 

specific platform features that support agile differ strongly between platforms, it is clear that there 

is a connection with these iterative development methodologies. Interviews showed that using an 

agile methodology is not necessarily a prerequisite when using LCD, however the two go hand-in-

hand and give each other a reinforcing effect. This close fit is due to the fast adaptability and fast, 

automated functionalities within the platforms, which allows improving continuously. Especially at 

the start of a project, fast prototyping can be used to quickly show the possibilities and come to an 

MVP in an early stage of the project.  

Furthermore, the use of continuous improvement is very applicable with LCD due to fast 

adaptability of applications in an iterative way. Interviewees noticed the importance of embedding 

CI practices in the organizational culture. They also addressed other practices that relate to the 

importance of CI, for example the functionalities of LCD platforms to continuously learn from end-

user feedback, the benefits of continuous adaptability of applications and being able to continuously 

learn from mistakes. 

LCDchar5. Close Business-IT Collaboration 

Working with LCD involves close business-IT collaboration in multidisciplinary teams. This is not 

supported by a specific group of features, but is clearly present in the method of working with LCD. 

The understandability of application development makes this possible. Due to this high business 

involvement in software development, communication becomes also more important. 

Communication has a central role where departments have regularly contact with each other. 

Business departments are involved in early stages of the development process in order to set up the 

right requirements for the project that suit the needs of the business. Also during development and 

operational phases, business departments are more involved to make sure that the development team 

is doing the right thing and to collect feedback for possible improvement steps. 

LCDchar6. Involvement of Inexperienced (Citizen-)Developers 

LCD makes application development possible for a new group of inexperienced (citizen-) 

developers, by reducing the amount of coding and providing development support. LCD makes 

software development easier, therefore less experience in software development is required. This 

gives the opportunity to involve different software developers. However this does not imply that 

software development with LCD is automatically for everyone. One should master knowledge on 

software development issues like security, deployment and data structures. Besides, coding is still 

required with LCD when needed functionalities are not supported by the standardized components.  

Overall, the opinions still vary on the applicability of citizen-developers with LCD. The amount of 

coding and IT-related knowledge needed differs, which may be dependent on the platform and the 

project. Involving citizen-developers is especially applicable for LCD platforms that try to eliminate 

coding even more. As an interviewee from Betty Blocks stated during an interview, Betty Blocks 

focuses on citizen-developers and has the ambition to make software development possible for 
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everyone in 2023 (Int-4). However, it will always be necessary to educate the inexperienced 

developer to establish a knowledge base of software development principles.  

LCDchar7. Easy and Standardized Integration Features 

LCD platforms provide simple and standardized functionalities to integrate applications within the 

architecture of the IT environment of the organization. Integrating with the existing infrastructure 

of an organization is of great importance for every new business application. These integrations may 

range from ERP systems and databases to outdated legacy systems. LCD platforms tackle this by 

using integrations with API’s and webservices. They offer standardized integrations with well-

known systems, but they also make it possible to use customized API’s and webservices. In some 

cases, custom integrations with ERP systems are supported due to close partnerships between the 

vendors. 

LCDchar8. High level of reusability 

Working with LCD involves a high level of reusability of components and (of-the-shelf) 

applications. The platforms provide a high amount of standard components in a component library 

to develop domain models, process models and GUI’s. Custom reusable components can be 

developed and added to the component library as well. Using components developed by third parties 

or other developers in a development community also give the possibility to maximize reuse. Not 

only components can be reused, but complete parts of applications can be isolated and reused. The 

goal here is to eliminate rework and share each other’s work to maximize efficiency. This ultimately 

leads to a component-based architecture of applications where components are loosely coupled. 

These eight axial codes form the categories which together form the outcome of RQ1.1a; the 

characteristics of LCD. To answer RQ1.1 as a whole, adoption success factors and overlapping 

characteristics with DevOps are discussed in the next subchapters. An important note to add to the LCD 

categories is that some of the characteristics are not a prerequisite for using an LCD platform, but 

function more as leveraging or supporting factors in order to achieve the benefits that LCD platform 

vendors claim to give. The outcomes showed that one can make use of an LCD platform by not changing 

anything in the existing SDLC and only adopting the visual development practices, however in this 

situation the benefits that LCD offers will not be exploited to its fullest. Therefore, the definition 

incorporates more than just prerequisites. This is the case for the fast, iterative methodologies like agile 

and rapid-prototyping principles, deployment of applications on the cloud and close inter-departmental 

communication practices. It is actually possible to develop an application with the use of LCD in 

combination with a waterfall methodology, without using multidisciplinary teams and deploy it on-

premise, however this is not in line with the LCD way of working. Some interviewees explained that 

using an agile methodology is not required while using LCD, however one could never achieve the same 

benefits of agile when combining it with LCD compared to combining it with a traditional way of 

software development (Int-2, Int-8). Other interviewees stated that large, predefined LCD projects may 

preferably be executed by using a Waterfall methodology (Int-2, Int-3, Int-8). However generally, the 

opinion holds that a fast, iterative methodology is interrelated with LCD. 

Combining these axial codes into one comprehensive definition using selective coding, the following 

definition of LCD is created: 

Low-Code Development is a tool-based approach to visual software development that supports fast 

software development with a high level of reusability of (visual) components and a minimal amount of 

coding combined with a high level of automation. It leverages iterative development methodologies and 

supports close business-IT collaboration, making it possible to involve developers with less coding 

experience to develop enterprise-wide business applications that integrate with the organizational 

environment on a platform supporting PaaS features. 
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4.4.2 LCD Adoption Success Factors 

Besides the construction of the characteristics of LCD, other results are extracted from the open codes. 

These are LCD adoption success factors which have an influence on adoption success, aiming at factors 

which do not only rely on mastering specific capabilities, but on organizational properties. These success 

factors are not characteristics of LCD but are important to consider for successful LCD adoption. The 

elaboration of these factors, which is achieved using axial coding of the earlier defined open codes, can 

be found in Appendix D.2. The final adoption success factors answer RQ1.1b; “What are critical success 

factors of Low-Code Development?”. Below, each success factor is briefly described with a 

corresponding label. 

LCDasf1. Management Support 

Management support is crucial in order to achieve adoption success. First of all, without any 

management support, LCD will never be initiated. Management stakeholders should have a positive 

view on adopting LCD and they should be motivated to support the adoption process on a practical 

and visionary level. LCD should be taken seriously, especially when it is incrementally used for 

larger projects. Furthermore, LCD platforms may involve high periodic fees, therefore they also 

request financial support from management. 

LCDasf2. Positive Employee Attitude 

Just like management, employees who are involved in the LCD adoption process should have a 

positive view on the technology and its potential. Employees may form resistance to the change, 

especially when it drastically affects their way of working (Ansoff, 2013). Moving employees from 

a traditional coding job to working with a model-based LCD platform could lead to resistance. An 

initial LCD multidisciplinary project team should therefore contain motivated members.  

LCDasf3. Trust & Respect Inexperienced (Citizen-)Developers in Multidisciplinary Teams 

In order to work in multidisciplinary teams which include citizen-developers, it is of great 

importance that there is trust and respect between all team members. Without trust between team 

members, it may be impossible to work in multidisciplinary teams that include inexperienced 

developers in the development process. Furthermore, in order to promote a communication-driven 

and multidisciplinary culture, team members should actively listen to each other and respect each 

other’s opinions.  

LCDasf4. Continuous Improvement Culture 

A success factor which resulted from the interviews is a culture of Continuous Improvement (CI) 

when adopting LCD. A mindset of continuously improving applications is in line with the vendors 

of LCD platforms. When a continuous improvement culture is already present in the organization 

before adopting LCD, this will improve adoption success. An already used iterative method like 

agile is also of added value in order to facilitate adoption success since this implies that the 

organization has experience with continuous, iterative software improvement. 

LCDasf5. LCD Change Management Capabilities 

Another main success factor stressed by interviewees concerns the capability of effectively 

managing the change process towards LCD practices. Interviewees stated that management and 

employees should have a clear (shared) vision on the future with LCD. A “dot on the horizon” could 

be used in order to work towards a goal (Int-1). On a more practical level, an interviewee stated that 

the change towards LCD should be planned carefully by selecting short-term goals and by choosing 

LCD for applicable projects (Int-8). Others state the need to start with small projects and 

incrementally use it for larger projects (Int-2, Int-7). Furthermore, resources should be selected 
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carefully for a balanced team structure. Important stakeholders to be involved in this change process 

differed per interviewee, ranging from change ambassadors, program managers, knowledge holders, 

thought leaders, LCD champions, opinion leaders and product owners. These different stakeholders 

all imply the presence of people that have LCD domain knowledge and support the change process 

in the different involved departments of the organization. Therefore, it can be concluded that the 

presence of software change management capabilities is a critical success factor when adopting 

LCD. 

4.5 Connection between DevOps and LCD 
This chapter discusses the connection between DevOps and the found LCD characteristics, thereby 

answering RQ1.1c: “What are overlapping characteristics of Low-Code Development and DevOps?”. 

A clear relationship between LCD and DevOps can be recognized based on the LCD characteristics and 

DevOps literature. Multiple interviewees mentioned the great overlap between the two principles (Int-

5, Int-6, Int-7, Int-8). The following characteristics of LCD found after answering RQ1.1a indicate a 

close relationship between the two concepts: 

Cloud Centered with PaaS Functionalities to Develop Business Applications (LCDchar2) 

Cloud computing is seen as an enabler of DevOps (Jabbari et al., 2016). This concept is used in 

DevOps in order to continuously deploy applications to an operational environment. Software 

offered as a Service (SaaS) is an upcoming trend in combination with DevOps (Fitzgerald & Stol, 

2015). This latter is in line with the cloud and PaaS features of LCD. 

High level of automation (LCDchar3) 

One of the main characteristics of LCD is the high level of automation. Automation is also a 

characteristic of the continuous delivery pipeline in the theory of DevOps (Jabbari et al., 2016). This 

includes build automation, automated testing, automated releasing and others. These functionalities 

are supported by LCD platforms. LCD platforms provide pipeline features in order to support 

DevOps. 

Leveraging fast, iterative methods (LCDchar4) 

The development methodology agile has also a connection with DevOps. DevOps contains fast, 

iterative development practices (Jabbari et al., 2016). As Jabbari et al. (2016) state, multiple 

definitions of DevOps state that DevOps extends agile. Furthermore, continuous improvement 

aspects indicate a connection with DevOps as well. It is part of  CSE (Fitzgerald & Stol, 2015) and 

it is closely related to both DevOps and agile practices (Meso, 2006). Also the use of end-user 

feedback is supported by LCD platforms, which is in line with DevOps. 

Close Business-IT collaboration (LCDchar5) 

In line with the agile characteristic of DevOps, DevOps encourages close collaboration between 

team members (Jabbari et al., 2016). Also, DevOps is short for Development and Operations, 

implying collaboration between two disciplines which were traditionally separated. This 

multidisciplinary team collaboration is also of importance with LCD, as LCD adds business 

expertise to this collaboration. Business collaboration is however not involved in the theory of 

DevOps.  
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Easy and Standardized Integration Features (LCDchar7) 

Being able to easily and continuously integrate new functionalities is an important characteristic of 

both LCD and DevOps. A modularized architecture is required in order to realize continuous 

integration with DevOps (Bosch, 2014). API’s and webservices provide functionality to achieve 

such a modularized architecture. This ensures a connection between LCD and DevOps.  

The above mentioned characteristics imply a great connection between LCD and DevOps. Besides, LCD 

platforms stress their great fit with DevOps (Kony.com; Mendix.com; OutSystems.com; 

ServiceNow.com; SimplicitéSoftware.com). Mendix also suggests an extended version of DevOps 

which includes Business involvement and collaboration. They call it “BizDevOps” or “DevOps 2.0” 

(Mendix.com). Chapter 5 will elaborate the connection between LCD and DevOps in more detail on a 

readiness level. 

5. Development of the LCDevOps RSA  
This chapter discusses the design of the LCDevOps RSA, an LCD-enabled DevOps readiness self-

assessment. The objective is to answer RQ1.2: “What capabilities should an organization have in order 

to be ready to adopt Low-Code Development successfully in combination with DevOps”. After 

answering this question, RQ1 can be answered and the main objective can be achieved. This chapter 

first introduces the LCDevOps RSA, including the assessment context. Secondly, the development 

process is discussed and the final artifact is explained. The development process consists of the selection 

of a DevOps maturity assessment, the mapping of the LCD characteristics on this maturity assessment, 

the addition of specific LCD capabilities and validation with use of interviews. 

5.1 LCDevOps RSA Introduction 

5.1.1 LCD-DevOps Overlapping Capabilities 

The LCDevOps RSA assesses required capabilities in order to perform LCD in combination with 

DevOps. It indicates which practical capabilities a company should master in order to successfully adopt 

and perform LCD combined with DevOps. A predefined DevOps maturity assessment is used as the 

base model; the SAFe® DevOps Health Radar. The LCD characteristics defined in previous chapter are 

mapped on this maturity assessment. Figure 5.1 illustrates the setup of the LCDevOps RSA; the 

capabilities in the original DevOps maturity assessment are represented in blue and LCD capabilities in 

red. There is a large overlap between these capabilities, where DevOps practices may be more specific 

or simplified in combination with LCD. This overlap between DevOps and LCD capabilities is 

represented in purple. The capabilities represented in blue and purple answer RQ1.2a, where the 

capabilities in the red area represent the answer to RQ1.2b. This overview does not give detailed 

information on the specific needed capabilities. These will be discussed in the upcoming subchapters. 

 

Figure 5.1: Overlap of LCD and DevOps capabilities 
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5.1.2 Assessment Context 

The final LCDevOps RSA can be used in different situations. It is a collection of practices to be mastered 

that ensure LCD-DevOps maturity. The context of the assessment needs to be a self-assessment of a 

team in an organization that is willing to move to LCD-DevOps practices or improve such practices for 

the development of business applications. The assessment can also evaluate entire organizations instead 

of teams when smaller organizations are considered. The organization may already use agile or DevOps 

practices, or even already employ an LCD platform. On the other hand, the concerning teams may also 

have no experience with these types of practices at all. In the latter situation, the self-assessment may 

be harder to perform due to unfamiliarity with the practices. These teams will likely have a low rating 

on most practices in the assessment. However, having a high rating is not the goal of filling in the 

LCDevOps RSA. The goal for the teams is to have better insight in what to do in order to become LCD-

DevOps ready (or mature). Based on the findings after filling in the self-assessment, a roadmap could 

be established to become LCD-DevOps ready. 

The LCDevOps RSA is not intended to help an organization to select the situations where to use LCD 

and who to involve in these practices. Involving citizen-developers, for example, is still a practice with 

varying opinions, which may only be applicable in specific situations. Furthermore, the decision to either 

set up a specific LCD team or giving an LCD platform as a toolset for every team also differs per 

situation. Another critical decision is to determine whether LCD will be used solely for small, front-end 

based applications or also for bigger, critical back-end applications. When using LCD in this latter 

situation, it is of bigger importance to achieve a high maturity level in the LCDevOps RSA than when 

solely using it for small applications. 

5.2 LCDevOps RSA Design 

5.2.1 DevOps Maturity Assessment Selection 

In order to be able to use DevOps as base for defining the needed LCD-enabled DevOps capabilities, a 

maturity assessment is selected which defines a number of DevOps practices on which an organization 

can be rated. The DevOps maturity assessment developed by the Scaled Agile Framework® (SAFe®) is 

used, called the DevOps Health Radar. This model is already discussed in Section 2.2.2. It is selected 

because of the focus of SAFe®, which is on implementing agile practices on a scaled level, incorporating 

factors on the whole SDLC (Alqudah & Razali, 2016; Fitzgerald & Stol, 2015). Furthermore, the 

DevOps Health Radar has a great amount of detail in the needed capabilities on sixteen sub-dimensions, 

where all five levels of each sixteen sub-dimensions have a brief description on what specific capabilities 

should be mastered. On top of that, SAFe® provides more detailed explanations of each dimension on 

their website (SAFe, 2019). The model provides much more detail than the available information on the 

other discussed DevOps maturity models of Mohamed (2015) and McCarthy et al. (2015). To conclude, 

the DevOps Health Radar is designed to function as a self-assessment, which is also the objective of the 

LCDevOps RSA. 

5.2.2 Mapping LCD on DevOps Capabilities 

After selecting the base model for the assessment, the second step is to map the LCD characteristics 

with use of their corresponding open codes on this assessment model. This makes it possible to 

determine the connection between LCD and DevOps on a readiness level. The mapping ultimately 

answers RQ1.2a:  “What capabilities does an organization need in order to adopt DevOps practices 

with Low-Code Development characteristics successfully?”. A summarized version of the overview of 

this mapping is given in Table 5.1. A detailed overview of the mapping process, including an elaboration 

on each connection, can be found in Appendix F.  
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If a connection exists between a sub-dimension of the DevOps Health Radar and an LCD characteristic, 

it is represented with a specific code and color. The code is described with an abbreviation of the 

dimensions of the DevOps Health Radar (CE, CI, CD or RD), followed by the number of the specific 

sub-dimension (1 to 4) and the connected LCD characteristic (1 to 8). There are two possible colors, 

based on the type of connection. The first type, which is colored orange, is a connection which results 

in additions to the original sub-dimension of the DevOps Health Radar. The second type, which is 

colored green, is a connection which results in a simplification or automation of the practices mentioned 

in the sub-dimension, making it easier to reach a high maturity level. For example, the capability to use 

performance measurement, for which tooling is included in the LCD platforms. The transformed 

DevOps capabilities in the SAFe® DevOps Health Radar into LCD-enabled DevOps capabilities, 

represented in blue and purple in Figure 5.1, can be found in Appendix G.1. In this table, the additions 

to the model can be recognized separately from the original base model. 

Table 5.1: DevOps-LCD Capability Mapping Overview 

 

 

 

Some remarks can be given based on the results of the mapping process. As can be seen in Table 5.1, 

most additions (orange connections) to the model are in the early stages of the development process. 

These involve setting up requirements for an application in terms of models and components with use 

of high Business-IT collaboration and an iterative software development method. The automated and 

simplified practices when using LCD in combination with DevOps (green connections) are present in 

later stages of the SDLC. These involve the use of automated testing, staging, performance 

measurement, end-user-feedback tooling, version management tooling, automated builds and automated 

deployment. However, the supported automation features differ per platform. Therefore, organizations 

should carefully consider the included practices when selecting a platform.  

One DevOps practice which is not supported by LCD platforms is the separation of deployment and 

releasing practices. The SAFe® DevOps Health Radar states that applications should first be deployed 

to the operational environment before they are released to end-users. During this practice, there are 

temporarily two versions of the applications deployed. LCD platforms do not automatically support 

these features, where extensive effort should be implemented in order to perform these practices. 

However, since the LCD platforms provide functionalities to deploy new versions of an application or 

roll back to an older version very rapidly, one may question the importance of this DevOps-specific 

practice in combination with LCD. 

 

  

LCD 

Characteristic

1. 

Hypothesize

2.Collaborate 

& Research

3. 

Architect

4. 

Synthesize
1. Develop

2. 

Build

3. Test 

End-to-End

4. 

Stage

1. 

Deploy

2. 

Verify

3. 

Monitor

4. 

Respond

1. 

Release

2. 

Stabilize

3. 

Measure

4. 

Learn

LCDchar1 CE1.1 CE4.1 CI2.1

LCDchar2 CE3.2 CD4.2 RD2.2

LCDchar3 CI1.3 CI2.3 CI3.3 CI4.3 CD1.3 CD2.3 CD3.3 CD4.3 RD1.3 RD3.3

LCDchar4 CE1.4 CE2.4 CI1.4 CD2.4 CD4.4 RD3.4 RD4.4

LCDchar5 CE1.5 CE2.5 CD4.5 RD4.5

LCDchar6 CE1.6 CI1.6

LCDchar7 CE3.7 RD2.7

LCDchar8 CE1.8 CE3.8 CE4.8 CI2.8

SAFe® DevOps Health Radar

Continuous exploration Continuous Integration Continuous Deployment Release on Demand
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5.2.3 LCD-specific Capabilities 

After mapping the LCD characteristics on the DevOps Health Radar by SAFe®, some LCD-specific 

capabilities which could be extracted from the open codes are not included. This is the red area in Figure 

5.1 that answers RQ1.2b: “What additional specific Low-Code Development capabilities does an 

organization need to be ready to adopt Low-Code Development with DevOps successfully?”. These 

capabilities are added to the model as LCD-specific capabilities with the use of axial coding of the earlier 

defined open codes. This axial coding process to design these capabilities can be found in Appendix G.2 

and is explained below, where they are supported by literature.  

1. Citizen-Development Education 

With LCD, it becomes possible to involve inexperienced developers. However, these inexperienced 

citizen-developers should be educated on both development principles and modeling capabilities. 

LCD platform vendors often provide course material and seminars for citizen-developers, however 

this does not give full assurance of a complete education. Their work should be checked frequently, 

and important development principles should be taught. These principles include modeling 

principles, use of integrations, deployment and release principles or organization-specific 

regulations. According to the related concept of EUD, training is also of essential value to ensure 

success, where local experts share expertise and advice (Fischer et al., 2004). 

2. Visual Modeling 

LCD platforms work with different visual modeling languages to develop applications. Developers 

that work with an LCD platform should master these modeling languages in order to develop 

applications correctly. The used modeling languages are often related to well-known modeling 

languages like UML and BPMN, however they differ slightly for each platform. It is impossible to 

create and adapt precise, detailed and machine-readable models, without complying with the 

modeling standards (Watson, 2017). 

3. Component-Based Thinking 

In order to eliminate rework, the possibility to reuse components is an important characteristic of 

LCD. With LCD platforms, reusable software components can be developed in traditional coding 

languages for general use. All reusable generic components should be developed with a minimum 

amount of dependencies. Following literature of Component-Based Design (CBD), this requires a 

component-based way of thinking (Brown et al., 2002). This capability is in line with the loosely 

coupled architecture of LCD applications within the whole architecture of the organization. The 

latter is already included in the architecture dimension in the LCDevOps RSA. 

4. Scope Awareness 

A study of Hildenbrand et al. (2008) found that in more than half of all agile projects, budgets are 

exceeded with almost 90% and it takes 122% longer than scoped. This implies that agile 

methodologies could lead to an uncontrollable scope. With LCD, this is of extra importance due to 

the high possible development speed. The ability to stay focused on the project after fast results 

come in is crucial. The fast, visible results received after a short period of time may get the developer 

overconfident. This could result in a situation where unneeded requirements are added to the 

application, ultimately resulting in a delayed project.  
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5.2.4 Validation 

To validate the conceptual LCDevOps RSA, six validation interviews of approximately one hour are 

performed with LCD industry experts. An overview of the validation interviews is represented in Table 

5.2. The interviews are summarized based on the specific points of improvement of the assessment and 

sent back for approval. These summaries can be provided on request. 

Table 5.2: Validation Interviews Details (*MVP=Most Valuable Player) 

During the validation interviews, the items were separately assessed on completeness, correctness and 

understandability. Only the added content was assessed, since the original SAFe® DevOps Health Radar 

is an already established, validated artifact. After assessing the added content to the individual items, 

the LCDevOps RSA as a whole was assessed on completeness, correctness and understandability. Based 

on the outcomes of the interviews, the LCDevOps RSA was adjusted. The final LCDevOps RSA is 

discussed in the upcoming chapter. 

5.2.5 The Final LCDevOps RSA 

The final LCDevOps RSA is the combination of the mapping described in Chapter 5.2.2 and the LCD-

specific capabilities explained in Chapter 5.2.3. A visualization of the complete artifact can be found in 

Figure 5.2. The final artifact, including descriptions of the dimensions and maturity levels, can be found 

in Appendix G.3.  

Figure 5.2: Visualization of the LCDevOps RSA 

The maturity levels in the LCDevOps RSA are differently represented per dimension. The extended 

DevOps capabilities define practices for every reachable maturity level. These are based on the SAFe® 

DevOps Health Radar. The original five maturity levels in this model are referred to as “Sit, Crawl, 

Walk, Run, and Fly”. Sit indicates completely immature and Fly completely mature. In order to align 

with the LCD-specific capabilities, these are referred to as one till five in the LCDevOps RSA (Sit is 

level one, Fly is level five). It may not be directly clear what maturity level should be reached in order 

to be ready to adopt this practice. It is assumed that a maturity level of two (Crawl) on every practice is 

the minimum in order to be ready, where preferably a level three (Walk) is desired to ensure adoption 

success. This is assumed since extremely mature LCD-DevOps practices are not a prerequisite for 

adoption readiness, however awareness of the importance of these practices and working towards them 

is crucial. 

Code Date Function Platform of expertise Company Type 

Val-Int-1 

 

30-1-2019 Business Technology 

Consultant | Mendix MVP* 

Mendix Consultancy 

Val-Int-2 31-1-2019 Account Executive  Betty Blocks Consultancy 

Val-Int-3 1-2-2019 Business Engineer Mendix Consultancy 

Val-Int-4 6-2-2019 Solution Lead Low-Code 

Development 

OutSystems, Betty 

Blocks & Mendix 

Consultancy 

Val-Int-5 8-2-2019 Senior Services Delivery 

Manager 

Mendix Platform Vendor 

Val-Int-6 14-2-2019 Business Unit Manager Betty Blocks Consultancy 
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The LCD-specific capabilities do not mention specific practices for each maturity level, but require the 

assessor to assess their maturity on a level from one to five; one being completely immature and five 

being completely mature. Specific descriptions of what each maturity level means for LCD-specific 

capabilities would require thorough, detailed knowledge and experience with LCD practices. The 

findings of this research did not find sufficient evidence to ensure a valid description for each maturity 

level of the LCD-specific capabilities. Also for these capabilities, a maturity level of three is assumed 

to be desired to ensure adoption success. 

6. Evaluation 
This chapter discusses the demonstration and evaluation phase of the LCDevOps RSA in the DSRM 

(see Chapter 3). The developed readiness self-assessment is deployed in a case environment with three 

different teams within the IT-department of the case organization. During the demonstration in this case 

study, the teams assessed themselves on the different practices in the LCDevOps RSA after an 

introduction on the topic. To evaluate the artifact, an evaluation survey is deployed among the 

participants of the group meetings.  

This chapter first describes the case environment and the characteristics of the three included teams. 

Afterwards, the protocol for the meetings is explained, where after the results of the demonstration are 

discussed. To conclude, the evaluation survey and its results are explained. 

6.1 Case Environment 
This research contains a case study performed at the IT department of DAF Trucks. DAF Trucks is one 

of the leading truck manufacturing companies with their headquarters located in Eindhoven. Their 

current IT-landscape contains legacy systems and shadow-IT, which are hard to replace and make it 

hard to cope with high demands. DAF shows interest in LCD platforms since these platforms claim to 

bring opportunities for improvement in application development speed in order to cope with a dynamic 

organizational environment and the potential to counter shadow-IT.  

DAF has some experience with LCD. In 2017, two years before the initiation of this project, a Proof of 

Concept (PoC) was started with the use of the OutSystems platform. This resulted in a project aiming 

to develop an application that interacts with truck drivers. The application is finished but not operational 

at this point in time. This application was developed with the help of an external company. DAF is 

interested in taking LCD more seriously by adopting it on a wider scale, which caused the initiation of 

this project. 

At the IT-department of DAF Trucks, three teams are selected to demonstrate and evaluate the 

LCDevOps RSA. The selection of these teams was based on three characteristics. The first characteristic 

is whether the team has experience with LCD. The second characteristic is the amount of experience 

with innovative cloud solutions. This characteristic is selected in order to estimate if a team has 

experience with adopting cloud-based solutions, since one of the main characteristics of LCD is related 

to cloud and DevOps is also related to this topic. The third characteristic is if the team has experience 

with agile development methodologies. This is chosen since LCD leverages agile methods, and DevOps 

is closely related to agile as well (Jabbari et al., 2016). 

The three teams represent different combinations of these characteristics in order to investigate a broad 

view of different possible adoption situations. The attendants are selected in order to involve expertise 

on the whole SDLC, including an IT employee with regular contact with the business. None of the teams 

have experience with DevOps. The characteristics of the groups are represented in Table 6.1. All three 

teams are briefly described. 
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Table 6.1: Characteristics of included groups of teams 

Team 1: The first team represents the team with the least experience and knowledge on cloud solutions 

and LCD, but has extensive experience with agile. This team is responsible for improvements and 

operations of the Mainframe systems at DAF Trucks, which have been in use for several decades. These 

systems are programmed in the programming language COBOL and have a quite rigid architecture. For 

these reasons, it is concluded that this team is working with a legacy system. However, the team has 

built-in automated deployment functionalities within this system. Also, their agile practices give them 

experience with adapting development processes quickly. It is expected that their IT environment should 

be changed rigorously in order to get to the desired LCD-DevOps practices, however their work methods 

are more ready. 

Team 2: The second team has no experience with LCD, however it does have experience with cloud 

solutions and agile. This team is responsible for the IT services concerning selling truck parts through 

the internet. It has regular contact with the business, and is willing to incorporate new technologies and 

methods to improve their current development practices. Despite the absence of LCD experience, these 

factors indicate that this team has great potential to incorporate LCD with DevOps in their practices.  

Team 3: The third team is the only team in the demonstration phase with experience in LCD, and thereby 

also has experience with cloud technologies. This team is responsible for the platform that connects 

trucks to the internet for the analysis and management of up-to-date fleet-data. The development method 

of this team is however not agile. The actual development practices are also outsourced and since LCD 

can also be used solely as a modeling tool, experience with an LCD platform does not directly imply 

higher readiness.  

Team Attendants 

LCD 

experience 

Cloud Solutions 

experience 

Agile 

Experience Involved functions 

1 4 No Low Yes 

Technical designer 

IT Analyst 

Information Analyst 

Functional Application 

Manager 

2 3 No High Yes 

Developer 

Project Manager 

Enterprise Architect 

3 4 Yes High No 

Technical Application 

Manager 

Integration Specialist 

Business Analyst 

Enterprise Architect 
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6.2 Group Readiness Assessment Protocol 
The LCDevOps RSA was demonstrated and evaluated in the form of interactive group discussions of 

90 minutes where participants rated their team with use of the final artifact. During these sessions, a 

certain protocol was followed. The elements in this protocol are explained below.  

Before starting the rating process, the team members were first introduced to LCD as a tool-based 

approach as it was defined after answering RQ1.1. Subsequently, the potential benefits of LCD, its good 

fit with DevOps and the structure of the LCDevOps RSA were explained. After this introduction phase, 

which lasted for approximately 30 minutes, the structure of the rating process was explained, as before 

the rating process began. This rating process was in the form of group discussions. First, the description 

of the capability was presented, as before the participants discussed on which readiness level they 

belong. This process was guided by a mediator that explained the included practices when questions 

arose. This is however no precondition in order to perform a self-assessment with the LCDevOps RSA. 

After the rating of approximately 50 minutes, ten minutes were dedicated to fill in the evaluation survey 

at the end of the session. 

6.3 Elaboration of Case Study Results 
The three group sessions are conducted with small groups of employees of the designated teams. Due 

to time constraints and the size of the LCDevOps RSA, it was unfortunately impossible to conduct a 

complete assessment during the sessions. In order to still provide a comprehensive advice based on the 

assessment, capabilities which required much effort and change were discussed during the sessions. 

Practices which are simplified or automated with use of LCD were therefore left out in great extent. 

Partly because of this, the case results are mostly qualitatively analyzed. What also supports this decision 

is the extent of qualitative data gathered during the meetings. The individual statements in the group 

discussions of the involved employees give much more insight on the LCD-DevOps readiness and points 

of improvement than the individual ratings. Since it is a self-assessment, ratings can be affected by the 

assessor due to a distorted self-image or misinterpretation of the practices. Below, important findings 

with supporting statements during the assessments are discussed for each team. For descriptions of the 

specific capabilities and maturity levels, Appendix G.3 can be used.  

This chapter first elaborates the performed assessments in the form of group discussions. During these 

discussions, the teams assessed themselves on a scale from one to five on the individual dimensions of 

the LCDevOps RSA. After this, the assessment case results are summarized and discussed as a whole. 

6.3.1 Group Discussions 

Team 1– Low Cloud Experience – No LCD Experience – With Agile Experience 

The rating process of this team started with the first capability in the development process, which is also 

considered an important phase when performing DevOps with LCD; Hypothesizing. This is the practice 

of gathering ideas into hypotheses statements in collaboration with the business. The team states that 

their readiness level is between level three and four. One of the attendants states that their focus is mostly 

on “small improvements on the existing Mainframe system”. Since this is their focus, it is easier to 

describe the hypothesis of a new or improved feature. The level of maturity also depends highly on the 

people that approach the team for a point of improvement, which in most cases are the end-users. The 

IT knowledge of these end-users is of high importance in order to describe the needed functionality. 

This indicates that when moving to LCD, there should be some education towards the end-user side on 

LCD platform functionalities and possibilities in order to achieve good hypothesizing practices. 

The second discussed capability is Collaborate and Research. This is the practice of gathering 

requirements with use of product management. The team does not make use of a product manager. This 

automatically implies a readiness level of one. Requirements are also gathered in large batches with only 

little multidisciplinary collaboration. When moving to LCD-enabled DevOps, the team should first 
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appoint a product manager who is fully involved in gathering a complete set of requirements in 

multidisciplinary collaboration. 

Another important practice concerns the capability of Architecting. The team makes use of an outdated 

software system, however API’s and webservices are provided for various services, but not for all of 

them. Furthermore, the architecture is not completely monolithic and makes use of multiple transactions 

between different modules. For these reasons, the team estimates their architecting readiness on level 

three. 

Concerning Synthesizing, where all three above mentioned capabilities are combined in a project 

backlog, the team rates itself between level two and three. “We work with a complete backlog, where 

features are prioritized but not fully”. In order to get to a higher readiness level, the backlog should be 

fully prioritized and the team should be capable to assess what LCD models and components are 

required. The latter however requires some experience with LCD, potentially in the form of a course. 

Four practices where the team assessed itself on a high readiness level were the capabilities Develop, 

Build, Deploy and Respond due to their already high level of automation. Also, the team has a fast 

response to production incidents. Developing is rated with level three and can be improved by increasing 

the number of unit tests and peer reviews when moving to LCD-enabled DevOps practices. The practices 

build, deploy and respond were both rated between three and four.  

The team was not familiar with the two capabilities Measure and Learn, resulting in readiness levels 

of one. This is a point of improvement, where the team has to learn how to measure the value of their 

deployed features and validate their earlier made hypotheses.  

The assessment ends with the LCD-specific capability Scope Awareness. The team estimates that they 

are fairly capable in keeping scope while staying agile and rates itself on a level three maturity. 

Team 2 – High Cloud Experience – No LCD Experience – With Agile Experience 

The second team that assessed themselves with use of the LCDevOps RSA also started with the 

capability Hypothesizing. The attendants rate the team on readiness level two. “For a long time, we 

only used one-liners at the start of a project. This should set us at level one. However, nowadays we 

focus more on describing them in more detail but these do not include measurable outcomes with 

multidisciplinary collaboration”. There is a clear opportunity to improve, as the team should describe 

their hypotheses in more detail with measurable outcomes and possibly include the description of an 

MVP. Involving business departments in this process could also facilitate to reach a higher readiness 

level. 

Collaborate and Research, the second discussed capability, also contains room for improvement. The 

team rates itself on readiness level one. “Gathering of requirements is on this point in time an ad-hoc 

process where no product managers are involved”. Improvement can be made by gathering 

requirements with multidisciplinary involvement, led by product management. 

A level two readiness is assigned to the capability Architecting. “We do have a lot of integration 

possibilities with API’s and webservices, however our architecture is still predominantly monolithic”. 

Since component-based architecting with a high level of reuse is a crucial aspect of developing, it is of 

great importance to learn how to develop and maintain a component-based loosely coupled architecture. 

This is therefore a key point of improvement for this team. 

The completeness of the features and prioritizations in the backlog is variable. Therefore the team 

assesses itself on the capability Synthesize on a readiness level between two and three. A higher level 

of readiness can be achieved by always describing complete prioritized features. Another improvement 

could be to calibrate the backlog to the delivery capacity. 
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The team scores higher on Develop, Build and Deploy than on previously mentioned capabilities. At 

develop, the team rates itself on level four, however the 80% unit-test coverage may be too high. With 

the use of LCD, achieving this 80% unit-test coverage may be easier to reach due to the opportunity to 

configure automated unit-tests easily. The team is very mature in the build capability, as they assess 

themselves with a readiness level of five, with no points of improvement. Deploy is a capability that is 

not as mature as the previously mentioned capability, but the team already has experience with 

automated deployments. Therefore, they give themselves a level three of readiness on the deploy 

capability. 

The team measures the value of their newly implemented features, where they are capable to use 

quantitative outcomes. Qualitative data of end-user feedback is however not deliberately collected 

during this process. “We do not have specific tooling or functionalities to capture and process end-user 

feedback, however we do have channels to receive (negative) feedback on newly implemented features.” 

Since this feedback is also from the business and they are in close contact with the team, this can also 

be seen as qualitative measures. Therefore, the team rates itself on a readiness level four on the Measure 

capability. 

The LCD-specific capability Visual Modeling was also discussed. The team has no specific experience 

with LCD platforms, however they are familiar with modeling languages. Therefore they rate 

themselves on level three. 

Team 3 – High Cloud Experience – with LCD Experience – No Agile Experience 

The third team also started with the Hypothesize capability. They had difficulties rating themselves on 

the maturity scale since a portion of the requests of the business is through a very informal process, 

where the team would score only a readiness level between one and two. However there are cases where 

this process is better formalized and the team reaches a maturity level of four. A step of improvement 

will be to take each request seriously and describe them in hypothesis statements with measureable 

outcomes, made in multidisciplinary collaboration. 

For the capability Collaborate and Research, the team rates itself on a readiness level three. “We set 

up requirements with some multidisciplinary collaboration since the requirements are constructed by 

different disciplines in sequence. However, this does not involve short communication channels between 

the team members.” The business is also involved in setting up functional requirements. This practice 

could be improved by using one designated product manager who is responsible for delivering a 

complete set of requirements in collaboration with all involved disciplines. Instead of a sequential 

process, gathering requirements should be done in parallel where all disciplines have the opportunity to 

provide the needed input. 

Architecting is a crucial capability, where the team still has room for improvement. They rate 

themselves between level one and three. “From our systems towards the external environment, we score 

a secure one. However the integrations between our systems make use of some API’s and webservices. 

With this scope, we could reach maturity level three”. From this we can conclude that in order to be 

ready for LCD combined with DevOps, it is important to develop integrations for the possible needed 

services outside of their own architecture environment. 

The team rates itself on a readiness level four on the capability Synthesizing since it creates complete, 

prioritized backlogs. Due to their earlier experience with LCD, they have the capability to estimate what 

kind of models and custom components will be needed in order to develop the application with LCD. 

Develop and Build, and Deploy are capabilities which are irrelevant for this team. Most of these 

practices are outsourced to external parties or to other divisions within the organization.  

On the capabilities Measure and Learn, the team rates itself on readiness level two. The current 

platform used by this team is managed by an external party. This system does not allow viewing any 
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logging data of user activity. Therefore, they are not able to measure adoption success of their newly 

implemented functionalities. However, their business department does actually visit customers that 

make use of the applications in order to gather qualitative data on the newly implemented functionalities. 

From this feedback, the team determines new improvements to implement. Because of the absence of 

quantitative data, but presence and intensive use of qualitative data, the team rates itself on level two in 

both measuring and learning. 

An LCD-specific capability which is discussed is Scope Awareness. The team rates itself on a level 

two of readiness here. “In some cases it is not fully defined how the desired end product will look like, 

this may result in the addition of features which may not be needed to add in that specific iteration”. 

Another attendant states “At every new release there is a discussion between supplier of new 

functionality, a system integrator and DAF to determine what will be included in the scope. This often 

results in a compromise of included functionalities which often leads to a narrower scope than desired”. 

This latter is in fact a practice of developing an adapted scope based on the capacity of the development 

team, however it does not say anything about maintaining this scope through the entire project. 

Another LCD-specific capability which is discussed is Visual Modeling. The team members find 

themselves fairly mature in this practice due to their experience with LCD. However, the team was not 

involved in all development practices of the LCD application, as some of the development practices 

were outsourced. Therefore, they rate themselves on level three of readiness. 

6.3.2 Overall Assessment Results 

The described assessments performed as group discussions do not represent complete assessments. Not 

all dimensions of the LCDevOps RSA are discussed due to time constraints. Therefore, this does not 

give a complete assessment on the LCD-DevOps readiness of the specific teams. However, the teams 

have extensively experienced working with the artifact and some important conclusions can be drawn 

from the findings. Table 6.2 gives a summarized representation of the assessment results of each team. 
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Overall, higher assessment scores were given on dimensions that focus on capabilities in the middle of 

the SDLC, including Develop, Build, Deploy and Respond. The teams found themselves already mature 

in these practices. Furthermore, LCD characteristics make it easier to reach a higher maturity level on 

these dimensions due to automated functionalities within LCD platforms. This is in contrast to the lower 

scores that were given to the dimensions prior to and after these practices, which include Hypothesize, 

Collaborate & Research, Synthesize, Measure and Learn. In order to allow continuous adaption of new 

functionalities, gathering ideas and requirements and learning from newly implemented features is 

important when performing DevOps. When combining this with LCD, this should be done with high 

business involvement. The teams gave themselves lower readiness ratings on these dimensions. Team 1 

actually never measured value or learned from newly implemented functionalities. Furthermore, 

discussions on the Collaborate and Research dimension showed that both Team 1 and 2 have 

unstructured processes when gathering requirements. The third team has an unstructured process of 

Hypothesizing incoming ideas, ranging greatly in formality. 

Architecting is a crucial dimension that is discussed extensively. In order to be able to adopt LCD, the 

architecture of the team has to be able to integrate with LCD applications. A loosely coupled architecture 

of individual components is therefore desirable, however this is not achieved by each team. The specific 

applicability of the LCD platform in the teams’ IT architectures has to be examined in more detail in 

order to ensure adoption success. 

The two discussed LCD-specific capabilities, Visual Modeling and Scope Awareness, do not seem to 

be bottlenecks for adoption success for the involved teams. The discussion on Scope Awareness by 

Team 2 however showed that when adopting LCD, there will have to be a bigger focus on maintaining 

the right scope since their current practices already have difficulties with this.  

To conclude, in order to successfully implement LCD combined with DevOps, the teams should take 

the recommendations made above into consideration. Also, for all involved teams it is important to self-

assess the factors that were not discussed during the session. Afterwards, they will be able to determine 

all steps necessary in order to adopt LCD with DevOps successfully.  
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6.4 Evaluation Survey 
As final part of the group meetings, an evaluation survey was deployed in order to measure the perceived 

utility of the LCDevOps RSA. This survey makes use of three concepts in the Technology Acceptance 

Model (TAM); Perceived Ease of Use, Perceived Usefulness, and Intention to Use (Venkatesh & Davis, 

2000). The questions from this survey are derived from the article on the Method Evaluation Model 

written by Moody (2003). These questions are adjusted to make them applicable for the LCDevOps 

RSA. Because the assessment is already validated during an earlier phase with the use of interviews, no 

questions are included on completeness and correctness. In Table 6.3, the original item of Moody (2003) 

and adjusted items for LCDevOps RSA are represented. Answers on the questions are based on a 5-

point Likert scale, ranging from strongly disagree (1) to strongly agree (5). The meaning of each point 

on this scale is given in Table 6.4.  It was also possible to add comments to the evaluation. The outcomes 

of the evaluation survey are first described for each individual team, where after the overall outcomes 

of the evaluation survey are given.  

Q Original item (Moody, 2003) Adjusted item 

Perceived Ease of Use 

1 I found the procedure for applying the method 

complex and difficult to follow (PEOU1)* 

I found the way that the LCDevOps RSA is 

designed clear and easy to understand 

2 I found it difficult to apply the method to the 

example data model (PEOU3)* 

I found it easy to assess our team with use of the 

LCDevOps RSA 

3 Overall, I found the method difficult to use 

(PEOU2)* 

Overall, I found the LCDevOps RSA difficult to 

use* 

Perceived Usefulness 

4 This method would make it easier for users to 

verify whether data models are correct (PU4) 

The LCDevOps RSA would make it easier for 

organizations to verify whether their Low-Code 

with DevOps practices are correct or whether they 

are ready to adopt them 

5 Overall, I found the method to be useful (PU4) Overall, I think the LCDevOps RSA is useful to 

our organization 

Intention To Use 

6 I would definitely not use this method to 

document large Entity Relationship models 

(ITU1)* 

I would definitely not recommend use of the 

LCDevOps RSA in my organization* 

7 I intend to use this method in preference to the 

standard Entity Relationship Model if I have to 

work with large data models in the future 

(ITU1) 

I would support the use of the LCDevOps RSA in 

preference to other maturity/readiness 

assessments if our organization moves to 

DevOps-Low-Code practices in the future 

5-point Likert Scale values 

1. Strongly disagree 

2. Disagree 

3. Neither agree nog disagree 

4. Agree 

5. Strongly agree 

Table 6.4: Likert Scale values 

Table 6.3: Original and adjusted evaluation survey items ( * = reverse rating) 
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Team 1 Evaluation Results 

The first team evaluated all concepts on average between three and four. They rated Perceived Ease of 

Use (PEOU) with an average of 3.59 (σ = 1.01), Perceived Usefulness (PU) with 3.75 (σ = 0.43) and 

Intention to Use (ITU) with 3.63 (σ = 0.43). This indicates that, on average, the attendants of this team 

do not disagree with the utility statements and somewhat agree with most of them. Figure 6.1 shows a 

visual representation of the evaluation averages of team 1 per attendant. Table 6.5 shows the outcomes 

per question.  

There is no strong agreement with the measured statements in the survey. This may be due to the 

unfamiliarity of the concepts LCD and DevOps and the amount of detail in the LCDevOps RSA. This 

judgment is based on the comments made in the section below the evaluation survey, where attendants 

added comments like “A lot of information on one slide” or “Low-Code is still very new to us, which 

makes it hard to assess ourselves”. Still, the participants did not disagree on the usefulness of the 

LCDevOps RSA. As can be seen in Figure 6.1, three of the four attendants agreed with the questions on 

perceived usefulness. 

 

 

Team 2 Evaluation Results 

The second team evaluated the utility of the LCDevOps RSA higher than the first team. With an average 

of 4.22 (σ = 0.63) on PEOU, 3.83 (σ = 0.37) on PU and another 3.83 (σ = 0.90) on ITU, the team overall 

agrees with the statements in the evaluation survey. No additional comments were given after the 

evaluation, assuming that the participants overall agreed on the usefulness of the readiness assessment. 

Figure 6.2 shows a visual representation of the evaluation averages of each attendant of Team 2. Table 

6.6 shows the averages and standard deviations of the individual questions and constructs. 
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Team 3 Evaluation Results 

The averages of the third team are given in Figure 6.3. Table 6.7 shows the averages and standard 

deviation on each question and construct. The average values of the evaluation are 3.88 (σ = 1.11) on 

PEOU, 3.75 (σ = 0.60) on PU and also 3.75 (σ = 0.37) on ITU. Two of the participants rated the 

LCDevOps low on PEOU. This may be due to the difficulties the team had to rate themselves. Question 

two, which has an average of 2.5, asked if they agree that it was easy to assess their own team with use 

of the LCDevOps RSA. Their practices strongly differ per situation, therefore the maturity of their 

practices varies per project. Consequently, discussions between team members emerged. These varying 

opinions and situations are probably the main cause of this low rating. The high standard deviation of 

1.11 shows that there were a few participants that totally disagreed with the statement. 
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Overall Evaluation Results 

The combined evaluation averages can be found in Figure 6.4. There is a minimum amount of difference 

between the evaluations of the different teams. Only PEOU has notable different outcomes for each 

team. The lower score of Team 1 on this concept may be due the amount of new information that had to 

be gathered during the session. A lower score of Team 3 may be due to their difficulties in assessing 

themselves due to varying maturity between projects.  

The averages and standard deviations of all evaluations for each question and construct are given in 

Table 6.8. The average values of each concept are 3.68 (σ = 0.85) on PEOU, 3.75 (σ = 0.42) on PU and 

3.71 (σ = 0.75) on ITU. The highest standard deviation is on the earlier discussed question two. This 

makes sense since it was not as easy for all teams to apply the LCDevOps RSA to their situation.  

Overall, the attendants are fairly positive towards the LCDevOps RSA. Several positive remarks were 

given. An example is one from a participant of team 3: “Very valuable to have a tool with clear criteria 

as supporting means to measure the state of several aspects when selecting a solution”. Some attendants 

are however neutral towards the artifact. Overall, it can be concluded that the LCDevOps RSA has 

potential utility in case environments. 

7. Conclusions 

7.1 Conclusions 
This study aims to develop a readiness self-assessment for the adoption of LCD-enabled DevOps 

practices. The Design Science Research Methodology (DSRM) is used to develop an artifact called the 

LCDevOps Readiness Self-Assessment (LCDevOps RSA). This readiness self-assessment makes it 

possible for organizations to discover what practices are involved in performing LCD combined with 

DevOps and assess themselves on these practices. This artifact answers the main research question: 

“How can an organization which considers adopting DevOps combined with LCD assess their readiness 

with respect to the capabilities required for their successful adoption?”. In order to answer this question 

and develop the LCDevOps RSA, LCD is characterized and the relation between LCD and DevOps on 

a readiness perspective is shown. These followed from the two research sub-questions of this research; 

“What is Low-Code Development? (RQ1.1)” and “What capabilities should an organization have in 

order to be ready to adopt Low-Code Development successfully in combination with a DevOps 

methodology? (RQ1.2)”. The characterization of LCD, the proven relationship between LCD and 

DevOps and the LCDevOps RSA form the main contributions of this research. These contributions will 

be discussed in the remainder of this chapter. 
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Previous literature often approaches LCD as a new tool, originated from well-known model-based 

software development tooling. This study goes beyond this perception by approaching it as a tool-based 

approach. Developing and maintaining software with LCD incorporates various aspects besides visual 

model-based software development. A collection of LCD characteristics is formed with use of online 

vendor documents and semi-structured interviews in order to incorporate these aspects in a 

comprehensive definition. These form the answer to “Which platform features and practices 

characterize Low-Code Development?(RQ1.1a)”. The LCD characteristics are summarized below. 

1. Visual, component-based modeling of data, processes and GUI with possibility to add code 

where needed. 

2. Cloud-centered platform with PaaS functionalities and possibility to deploy on cloud and 

on-premises to develop enterprise-wide business applications. 

3. High level of automation in the entire SDLC. 

4. Leveraging fast, iterative application methods such as agile. 

5. Achieve close business-IT collaboration with multidisciplinary teams across departments. 

6. Involvement of inexperienced (citizen-)developers by eliminating coding and providing 

support. 

7. Easy and standardized integration features to integrate with systems, databases and 

applications in the organizational environment. 

8. High level of reusability of components and applications. 

Reliability of the LCD characteristics is achieved by including a broad scale of platforms in the tool 

feature documentation collection and a broad scale of interviewees with expertise on multiple platforms. 

This ensured a saturated dataset. In order to validate if the included tool documents that characterize 

LCD, they were discussed during the interviews. 

RQ1.1b relates to defining critical success factors of LCD: “What are critical success factors of Low-

Code Development”. Some factors have a direct effect on the success of adopting LCD. These include 

the support of the management, the attitude of the employees towards LCD as a new technology and 

trust and respect towards citizen-developers in multidisciplinary teams. Furthermore, the company 

should successfully guide and support the change towards the new technology. How to specifically 

incorporate LCD in an organization differs per situation, as there are still varying opinions on the best 

practices. This ranges from projects initiated by the business department, including mostly small and 

simple business applications, to the development of advanced back-end applications developed by 

domain experts. On a more cultural level, an already existing culture of continuous improvement can 

improve the adoption success as well. 

After defining  LCD, it became possible to better describe the connection between LCD and DevOps. 

This answers RQ1.1c: “What are overlapping characteristics of Low-Code Development and 

DevOps?”. These two concepts are related as they share characteristics. These include the use of cloud, 

iterative software development, multidisciplinary collaboration a maximized level of automation and 

modularized integrations. These overlapping characteristics lead to a good fit between these two 

approaches, implying there are potential benefits by combining them. Also the platform vendors note 

the good fit between their platforms and DevOps. 

In order to guide organizations in the adoption process of LCD combined with DevOps, the LCDevOps 

RSA is designed as the objective to answer the final research question. In order to reach this objective, 

more detailed connections between DevOps and LCD practices were established, answering “What 

capabilities should an organization have in order to be ready to adopt Low-Code Development 

successfully in combination with a DevOps methodology? (RQ1.2)”.  
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The design of LCDevOps RSA is based on the SAFe® DevOps Health Radar. The sixteen dimensions 

defined in this assessment focus on capabilities which define the maturity of DevOps practices on a 

scale from one to five. These DevOps capabilities are chronologically divided on the SDLC. By mapping 

the LCD characteristics on these capabilities, an extended readiness self-assessment is constructed 

which established a connection between LCD and DevOps. This mapping answers RQ1.2a: “What 

capabilities does an organization need in order to adopt DevOps practices with Low-Code Development 

characteristics successfully?”. Two important types of adjustments are made to the original DevOps 

assessment. First, some capabilities are specified in more detail by adding content, for instance the 

addition of close and fast business-IT collaboration. Secondly, for some capabilities it is noted where 

the amount of automation of LCD platforms helps to reach a readiness level easier. Four additional 

LCD-specific capabilities are added to complete the LCDevOps RSA, which are based on the answers 

of RQ1.1. These capabilities answer RQ1.2b: “What additional specific Low-Code Development 

capabilities does an organization need to be ready to adopt Low-Code Development with DevOps 

successfully?”. The LCD-specific capabilities consist of scope awareness, citizen-developer education, 

component-based thinking and visual modeling capabilities.  

The final LCDevOps RSA combines the answers of RQ1.2a and RQ1.2b and has a total of twenty 

capabilities. It can be found in Appendix G.3. It is validated by using interviews with industry experts. 

The interviewees have expertise on different platforms in order to achieve reliable and saturated input. 

Also, the already established DevOps maturity assessment of SAFe® ensured a reliable and validated 

base of the artifact.  

The final LCDevOps RSA is demonstrated on a case environment with three different teams by using 

group-based discussions. During these discussions, the teams assessed themselves on their LCD-

DevOps readiness based on their current practices. Prior to using the LCDevOps RSA, there should be 

some prior knowledge on what both LCD and DevOps involve and why the two reinforce each other. 

Using the LCDevOps RSA may be difficult in situations where there is minimal prior knowledge on 

LCD and DevOps, especially when it has to be applied to their own current practices. On average, 

participants of the group assessment meetings found the LCDevOps to be useful. This validated concept 

that gives the ability to assess LCD-enabled DevOps readiness, combined with the constructed LCD 

characteristics, implies that the objectives stated in Chapter 1 are reached.  

The output of this research provides guidance to organizations which are interested in adopting LCD 

combined with DevOps, or seek to improve their already established LCD-DevOps practices. Besides 

managerial relevance, this research also contributes to the scientific literature. Before this study, there 

was no clear definition of LCD and no guidance in LCD adoption. Therefore, this report fills a gap 

within the current research. 

7.2 Recommendations 
Based on the outcomes of the characterization of LCD and the design and evaluation of the LCDevOps 

RSA, some recommendations can be given. These explain how the output of this research can contribute 

to practice, emphasizing the value of this research for companies. 

Before referring to the use of the LCDevOps RSA, an organization should consider a combination of 

adoption success factors when adopting LCD in combination with DevOps. The company should have 

a clear vision on what should be achieved by using LCD. It may be to shorten release-to-market time 

and higher efficiency of current development processes, or to lower shadow-IT of business departments. 

When this vision is clear, an LCD platform can be selected which fits the requirements. Subsequently, 

a dedicated group of people needs to be selected which will initiate the new LCD- and DevOps-based 

practices. In this team formation, business departments need to be involved. After gathering the right 
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employees in a multidisciplinary format, the practices in the LCDevOps RSA will help to guide the team 

to achieve the required mature practices.  

As mentioned earlier, LCD can be performed in multiple ways. However, the LCDevOps RSA tries to 

tackle overall LCD practices with use of DevOps. The LCDevOps RSA is a readiness self-assessment 

on an operational level with overall practices when performing LCD with DevOps, stressing different 

points of attention. The combination of LCD and DevOps provides simplification of specific DevOps 

practices due to the possibility for automation, however other specific practices become important. 

These latter practices are specified in the LCDevOps RSA and will be elaborated below. 

When integrating LCD in the current environment of an organization, the ability of integrating LCD 

with the existing architecture is of high importance. Without the availability of API’s and webservices 

for the needed services, there is no possibility of the LCD platform to integrate with the existing 

architecture. A sufficient amount of crucial API’s and webservices should be available prior to starting 

to work with LCD, and the capability should be present to build custom API’s and webservices when 

needed. Component-based thinking should be in place in order to establish loosely coupled components 

on different aggregation levels within the architecture. 

LCD-enabled DevOps requires high involvement of business departments in software development 

practices. The LCDevOps RSA shows that for the practices of hypothesizing and collaborating & 

researching, business involvement is crucial to define new ideas and functionalities. Fast and easy 

communication between business and IT should be supported during the whole development process. 

When LCD is used in combination with citizen-development, employees should be educated on 

modeling and development principles. Furthermore, their work should be reviewed on a daily basis by 

an experienced developer. Workshops may be given by platform vendors, but further internal 

supervision will be needed. 

During the project, the scope should be carefully maintained. Fast incoming results may give the 

tendency to add requirements, but this can lead to a failed project. The project should stay agile, however 

the scope should be taken seriously. 

After development and during operational practices, other activities become more important. Measuring 

and learning from both qualitative and quantitative data about the value of the features and the made 

hypotheses is an important issue here. Decisions for further improvement can be based on these findings. 

Involving business departments is also important when determining project success and improvement 

steps. LCD platforms provide the toolsets to gather both quantitative data with performance monitoring 

tools and qualitative data with end-user feedback.  

The LCDevOps RSA makes it possible to assess organizations that develop their own business 

applications on the above described practices, identifying points for improvement when adopting LCD-

enabled DevOps practices. A company may already have experience with LCD or DevOps, or with 

neither of them. When a company already has experience with one of the main concepts, it can use the 

assessment to investigate the needed change to incorporate the other main concept of the LCDevOps 

RSA. The assessment can also function as a maturity assessment after adoption. This will eventually 

lead to an improved adoption process. 

7.3 Limitations and Future Research 
As with all studies, this study has limitations. The first limitation is related to the current maturity of 

LCD. LCD is a concept with shifting aspects and practices due to the fast growing commercial world of 

LCD platforms. LCD platform vendors may add different features to their platforms due to market 

demand and incorporate it in the “LCD approach”. In order to keep the LCD characteristics up-to-date, 

a revision of the current LCD characteristics may be required after a couple of years. Secondly, future 

research may solely focus on the applicability of LCD, with a focus on studying what type of projects 
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are most applicable for LCD and how to tackle them. Applications of LCD differ, ranging from small 

business applications to big back-end applications. The aspects of these LCD projects will clearly vary. 

The current LCDevOps RSA does not make a clear distinction between different LCD projects. 

The LCDevOps RSA has some limitations. First of all, the needed level to be reached in order to be 

LCD-DevOps ready may not be entirely clear, as this is based on an assumption. Secondly, when 

assessing a team on the required capabilities for DevOps-based LCD, it may be hard to imagine how 

these LCD-DevOps practices might look like when you do not have any experience with either of them. 

Thirdly, some practices in the LCDevOps RSA are classified as simplified with use of LCD, however 

some specific LCD platforms may not cover these automation features. A company should examine 

these features carefully before selecting a platform.  

Other limitations relate to the demonstration and evaluation phase of the LCDevOps RSA. During the 

demonstration phase, 30 minutes of the workshop were dedicated to the explanation of LCD and 

DevOps. In some cases, participants still had difficulties understanding the involved practices and 

assessing them. Because of this combined with time constraints, it was not possible to perform complete 

assessments. Furthermore, future research may use the LCDevOps RSA on a case environment which 

already has extensive experience with LCD and/or DevOps, so it can be evaluated as a maturity 

assessment instead of a readiness assessment outside the case environment. Besides, the final assessment 

output may not be completely reliable, as it is based on self-assessment. Some teams may rate 

themselves too high or too low, leading to an unjustified output of the assessment. However, the ultimate 

goal of the LCDevOps RSA is to create awareness of the required capabilities when working with LCD 

and DevOps and to create an understanding of points of improvement. Furthermore, there are some 

limitations concerning the evaluation of the LCDevOps RSA. This is only performed at three teams 

within one organization. Ultimately, in order to reach higher validity of the final artifact, this would 

have been performed on a wider scale of organizations with different teams that also have more 

experience with the included concepts. 

The final LCDevOps RSA may be used in different situations. However, it is most applicable for 

situations where the participants have sufficient knowledge on the included concepts. The size of the 

company does not influence the applicability of the model, however the company should be willing to 

invest in improving their software development practices. This holds for both IT and business 

departments. In all cases, the company should be in charge of the development of their own business 

applications. 

For future research, the LCDevOps RSA may be extended by describing the LCD-specific capabilities 

in more detailed. Further elaborating these practices may make it possible to attach specific practices to 

each maturity level of each LCD-specific capability. Besides giving more detail on the involved LCD 

practices, this would make it easier for organizations to assess themselves on the LCD-specific 

capabilities. 

Further research may also study the adoption of LCD in combination with other development practices 

or methods. The LCD characteristics constructed in this thesis can be used in order to design other 

readiness or maturity assessments. For example, an assessment that combines LCD with an agile 

methodology instead of DevOps. Also, a connection between LCD and Design Thinking may be 

investigated in more detail (Brown et al., 2002). The practice of BizDev in the domain of CSE may also 

be connected with LCD, however this concept is not yet researched in great extent (Fitzgerald & Stol, 

2015). The close connection between LCD and DevOps is clear, however some of the interviewed 

experts stated that some projects are done in combination with other methodologies.  
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Appendices 

Appendix A: Semi-Structured Interview Protocol (RQ1.1) 
Interviewee: 

Date: 

Location: 

1. Introduction 

The interview data gathered in this interview will be included in my master’s  thesis. I would like to ask 

permission to take notes and recordings during the interview. If there are any confidentiality or 

anonymity issues, I will take these into account. 

2. Interviewee’s background 

Job Title: 

Responsibilities: 

Relation with LCD: 

3. What do you think LCD is? (As a tool-based approach, not a platform) 

 

4. What practices does LCD involve? 

 

5. I’m performing a tool feature collection in order to get the definition of LCD. I would like to 

give you a look into my results. What do you think of the current setup and included features?  

1. Opinion about the included features? 

2. Are there features missing? 

3. Are there other aspects that cannot be described in features? 

 

6. What are adoption success factors of LCD? 

1. Generic factors things that ensure success? 

2. What are major bottlenecks when adopting LCD? 

3. What are important stakeholders involved at LCD adoption? 
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Appendix B: Raw Data Coding 

Appendix B.1: LCD Online Document Coding 

 

  

Legend:

Supported

Partly Supported

Not Supported

Paid Addition from External Party

1. Visual data 

modeling features 

1.1 UML-based data-

modeler 

1.2 Visual data-modeler 1.3 Visual data-

modeling feature within 

development 

environment

1.4 Visual data-

modeling feature in 

Lightning

Not Supported 1.6 Visual data-

modeling feature in 

Visualizer

1.7 Visual data-

modeling feature

1.8 Table relationship 

feature; no visual 

modeling. Afterwards 

represented in 

relationship diagram

93,75%

2. Process flow 

diagraming features

2.1 Model micro- (on 

server) and nanoflows 

(on device) based on 

BPMN notation

2.2 Visual modeling within 

development environment 

within process and logic 

layer

2.3 Visual modeling 

within "visual action 

editor"

2.4 Visual process 

modeling features within 

'ligtning process builder'

2.5 Flow Designer 2.6 Application logic 

builder within 

'Visualizer'

2.7 Process and 

workflow modeling

2.8 Workflow 

modeling features with 

no coding required
100,0%

3. WYSIWYG 

GUI/UX modeling 

features

3.1 WYSIWYG page 

editor for User Interfaces

3.2 Visual GUI modeling 

features with predefined 

components

3.3 WYSIWYG GUI 

building features in UI 

builder

3.4 Interface Builder for 

visual GUI development 

with predifiend 

components

3.5 Widget-based 

responsive UI 

Framework feature

3.6 Widget-based drag-

and-drop GUI 

development feature

3.7 Graphical UI design 

features, not 

WYSIWYG 

3.8 Graphical widget-

based UX modeling 

features
87,5%

4. Model 

excecution or code 

generation

4.1 Model excecution 

feature

4.2 Code generation 

feature

4.3 SaaS components 

called directly from 

model on platform 

server

4.4 Model excecution 

feature

4.5 Model excecution 

feautre

4.6 Code generation 

feature

4.7 Business model-

driven engine feature

4.8 Metadata-driven 

deployment feature
100,0%

5. Support for app 

development 

without any coding

5.1 Web Modeler with 

simplified development 

features

Not Supported 5.3 No Code 

Development platform 

in general

5.4 Lightning builder; 

environment with no 

coding needed

Not Supported 5.6 No Code 

Development features

Not Supported 5.8 No Code 

Development platform 

in general

50,0%

6. Application 

extention with 

custom code 

features

6.1 Extending 

applications with custom 

code feature

6.2 Extending applications 

with custom code feature

Not Supported 6.4 Use of Apex 

language or Heroku, 

different environment for 

custom code features

6.5 Extention points 

feature

6.6 Application 

extention feature

Not Supported Not Supported

62,5%

7. Build custom 

components

7.1 Custom actions with 

Java and widgets with 

HTML, XML and more

7.2 Custom component 

creation with CSS, 

JavaScript and more

7.3 Develop custom 

HTML and Java 

components

7.4 Use Heroku 

environment to make 

custom components

7.5 Support of using 

multiple coding 

languages for custom 

libraries

7.6 Support of 

JavaScript and HTML  

for custom components

7.7 HTML/Java for 

custom components 

Not Supported

87,5%

8. Project 

managment tooling

8.1 Project and 

Requirement management 

features Within 

Development Portal

8.2 OnTrack Agile tool 

for tracking and 

collaboration tooling of 

requirements and project

Not supported

8.4 Salesforce DX + 

Agile Accelerator on 

AppExchange

8.5 Agile Development 

Management Tool 
Not supported

8.7 Application 

Lifecycle management 

(ALM) with 

Requirement capture 

and project 

management

8.8 Complete Project 

Manager tool
75,0%

9. User story 

management

9.1 Agile (Scrum) user 

stories support in 

Development Portal 

9.2 User story managment 

in Track Project tool 

available on Forge

Not supported

9.4 Included inAgile 

Accelerator tool 

available on 

AppExchange

9.5 In Agile 

Development 

Management Tool 

SAFe 

Not supported Not Supported
9.8 Centralized task 

managmeent feature
62,5%

10. Project backlog 

management

10.1 Backlog 

management feature in 

development portal

10.2 Backlog 

management feature in 

Track Project tool

Not supported

10.4 Included inAgile 

Accelerator tool 

available on 

AppExchange

10.5 In Agile 

Development 

Management Tool 

SAFe 

Not supported Not Supported

10.8 Product and 

Sprint backlog 

features in Scrum 

plugin on QB 

Exchange

62,5%

11. Sprint 

management

11.1 Sprint management 

feature in Agile 

Development Portal

11.2 Sprint management 

feature within Track 

Project tool

11.3 Sprint 

management feature  in 

development 

environment

11.4 Sprint management 

feature in Agile 

Accelerator tool 

available on 

AppExchange

11.5 Sprint managment 

feature in Agile 

Development 

Management Tool  

SAFe

Not supported Not Supported

11.8Sprint 

management feature in 

Scrum plugin on QB 

Exchange

75,0%

12. Agile Roles
12.1 Team roles feature 

in development portal

12.2 Define user roles 

feature in Track Project 

Tool

Not supported Not supported
12.5 Agile role feature 

included in SAFe
Not supported Not Supported Not Supported 37,5%

13. End-user 

feedback 

management

13.1 Feedback feature 

which sends feedback to 

Development Portal in 

order to integrate in Agile 

planning

13.2 Feedback feature by 

drawing and recording 

feedback in operational 

environment.

13.3 Feedback of end-

users feature in logging 

to include in sprint 

management

13.4 Feature request 

functionality within Jira 

plugin

Not Supported Not supported

13.7 Feedback of end-

user feature for solution 

evolvement

Not Supported 62,5%

14. 

Training/learning 

facilities

14.1 Mendix Online 

Learning
14.2 OutSystems Training

14.3 Lessons on Betty 

Blocks Documentantion 

and Fundamentals 

Training

14.4 Salesforce 

Trailhead

14.5 ServiceNow 

Trainings (Pay per 

certification)

14.6 Training Modules 

in Kony Base Camp 

Store

14.7 Simplicité Training

14.8 QuickBase 

trainings and 

certifications

100,0%

15. Collaboration 

Forum for 

development 

support

15.1 Mendix Cloud 

Forum

15.2 OutSystems 

Community

15.3 Betty Blocks 

Forum

15.4 Salesforce 

developers discussion 

forum

15.5 ServiceNow 

Developer Community
15.6 Kony Base Camp

15.7 SimplicitéSoftware 

community forum

15.8 QuickBase 

Community
68,8%

16. User-roles 

(access 

management)

16.1 User role feature
16.2 System and custom 

user role features

16.3 Role defininement 

feature for permissions

16.4 Role specification 

feature for accessability 

hierarchie

16.5 Role feature
16.6 User role 

managment feature

16.7 User profile 

management feature

16.8 User Roles 

feature for 

accessability

100,0%

17. Direct 

Deployment

17.1 One-click 

deployment button

17.2 One-click publish 

button

17.3 Deployment 

through sandboxes on 

application server

17.4 Multiple steps for 

deployment
17.5 Rapid deployment

17.6 One-click 

deployment

17.7 two clicks to go 

into deployment

17.8 Deployment 

through sandboxes on 

application server

87,5%

18. Stage directly 

to (private) test 

environment feature

18.1 Deploy to a private 

sandbox environment 

feature

18.2 Deploy on 

application server for 

private testing

18.3 DTAP street 

sandbox environment

18.4 Sandbox 

environment feature

18.5 Sandbox 

environment feature

18.6 Live Preview 

feature

18.7 Private sandbox 

environment feature

18.8 Developer 

Sandbox feature
100,0%

19. Version 

management tools

19.1 Team Server 

Version Control System

19.2 Version Control 

engine with all versions 

stored

Not supported

19.4 Source control 

system with different 

possible repositories like 

Github and SVN

19.5 Version 

management features in 

team development tool

19.6 Version control 

with use of GIT

19.7 Version 

management features 

available

Not Supported 62,5%

20. Multi-developer 

support

20.1 Branching/merging 

features

20.2 Branching/merging 

features

20.3 Only supported by 

using different 

sandboxes

20.4 Branching/merging 

within source control 

system GIT

20.5 Source control 

integration for 

branching/merging with 

GIT

Not supported

20.7 Source control 

features for 

branching/merging with 

GIT

20.8 Only supported 

by using different 

sandboxes

75,0%

COpen Code 1. Mendix 7. Simplicité Software 8. Intuit QuickBase2. OutSystems 3. Betty Blocks 4. Salesforce 

(Lightning, 

Salesforce1 platform)

5. ServiceNow Now 

Platform

6. Kony
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21. Application 

Performance 

Monitoring 

Features

21.1 Application 

Performance Monitor 

(APM) with application 

level peroformance 

monitoring 

21.2 Performance 

Monitoring dashboard for 

application level analytics, 

Business Activity 

Monitoring dashboard for 

process optimization and 

logging tools

21.3 Application 

logging feature to 

monitor application 

performance in 

performance tool

21.4 Application 

Performance tool 

available on 

AppExchange

21.5 Application 

Performance 

Management (APM) 

tool

21.6 App performance 

monitoring features in 

Application 

Performance Monitor 

(APM)

21.7 Performance 

Monitoring dashboard 

with application 

performance monitoring 

features

21.8 Performance 

Monitoring Bar for 

application 

performance 

monitoring

100,0%

22. Component 

Performance 

Monitoring

22.1 Individual microflow 

performance monitoring 

feature in APM 

22.2 Performance 

Monitoring dashboard for 

component level 

performance monitoring

Not supported

22.3 Lightning 

component performance 

monitoring feature in 

Chrome DevTools

22.4 Thread monitoring 

feature for performance 

monitoring of UI and 

background threads

22.5 Event reports 

feature in Application 

Performance Monitor 

(APM)

Not supported Not Supported 62,5%

23. Automated 

functional Testing 

23.1 Automated 

functional testing feature 

included in ATS, a 

selenium driven tool, for 

automated testing

23.2 Automated functional 

testing feature in Selenium 

for automated testing

Not Supported

23.4 Automated 

functional testing feature 

in Salesforce Test 

Automation tool

23.5 Automated 

functional testing feature 

in Automated Testing 

Framework

23.6 Automated 

functional testing 

feature available in 

SOASTA tool

Not Supported Not Supported 68,8%

24. Automated UI 

regression testing

24.1 Automated 

regression testing feature 

in ATS

24.2 Automated UI 

testing feature in Selenium 

testing tool

Not Supported

24.4 Automated 

regression testing feature 

in Selenium tool

24.5 Automateed UI 

testing feature in 

Automated Testing 

Framework

Not supported Not Supported Not Supported 50,0%

25. Automated Unit 

Testing

25.1 Automated unit 

testing module available

25.2 BDD Framework for 

setting up automated unit 

tests

Not Supported

25.4 Automated unit 

testing features in Apex 

coding language in 

Heroku environment

25.5 Unit teseting 

feature in Automated 

Testing Framework

Not supported
25.7 Automated unit 

testing features
Not Supported 56,3%

26. Automated non-

functional testing 

(e.g. performance / 

availability / security 

/ load)

26.1 Non-functional 

testing features in ATS

26.2 Automated load-

testing feature in Jmeter 

tool

Not Supported

26.4 Automated 

performance testing in 

eureQa testing tool

26.5 Production 

Readiness Services with 

Load and performance 

testing features

26.6 Load testing 

features in CloudTest 

tool

Not Supported Not Supported 34,8%

27. Application 

Quality/Maintainabil

ity Monitoring 

27.1 Application Quality 

Monitor (AQM) which 

uses principles of 

maintainability to measure 

app quality

27.2 Option to use 

Omnext tool for quality 

assurance

Not Supported Not Supported Not Supported Not supported Not Supported Not Supported 12,5%

28. Continuous 

Quality & 

Consistency 

assurance features

28.1 Continuous model 

consistency checking 

divided into errors, 

deprecations and 

warnings

28.2 Automatic impact 

analysis (errors/warnings) 

with possible self-healing. 

Also multiple-application 

impact analysis feature

28.3 Continuous error 

and warning logging
Not supported Not supported Not supported Not Supported Not Supported 37,5%

29. Public/Private 

Cloud Operating 

PaaS environment

29.1 Run applications on 

public/private (or hybrid) 

cloud

29.2 Run applications on 

public/private (or hybrid) 

cloud

29.3 Run applications 

on public/private cloud

29.4 Run applications 

on public/private cloud

29.5 Run applications 

on public/private cloud

29.6 Run applications 

on public/private (or 

hybrid) cloud

29.7 Run applications 

on public/private (or 

hybrid) cloud

29.8 Public cloud 

operating environment
93,8%

30. Scalability 

features

30.1 Horizontal and 

vertical scaling manually 

performed through Portal

30.2 Horizontal and 

vertical scaling manually 

performed

30.3 Auto-scaling 

feature that scales 

automaticaly adjusts to 

high loads

30.4 Scaling features 

within Heroku coding 

environment

30.5 Horizontal scaling 

features
30.6 Auto scaling

30.7 Scalability features 

included

30.8 Scaling feature 

for web-based 

applications

93,8%

31. PaaS 

infrastructure

31.1 AWS public cloud 

infrastructure and Cloud 

Foundry platform

31.2 AWS public cloud 

infrastructure and 

OutSystems platform

31.3 AWS public cloud 

infrastructure and 

Microsoft Azure PaaS

31.4 AWS public cloud 

infrastructure, 

Salesforce1 PaaS

31.5 AWS or 

Rackspace public cloud 

infrastructure, Azure or 

Heroku PaaS

31.6 AWS public 

cloud infrastructure and 

Kony platform

31.7 Free to choose 

IaaS and PaaS 

environment. Standard 

PaaS CloudFoundry

31.8 AWS public 

cloud infrastructure, 

QuickBase platform

100,0%

32. Development of 

web and mobile 

applications

32.1 Web, mobile and 

hybrid application 

development

32.2 Option between web 

app and mobile 

application development

32.3 Back-office, web 

and mobile application 

development

32.4 CRM: Mobile-, 

cloud-, webapps and 

special equipment 

application development

32.5 Focus on ITSM. 

Mobile and Desktop 

business application 

development

32.6 Web- or native 

application 

development for 

mobile, tablet and 

desktop

32.7 Mobile and web 

application 

development

32.8 Database web-

application 

development

100,0%

33. Universal 

device application 

development

33.1 Application 

development features 

universal for desktop, 

phone and tablet 

purposes for both iOS 

and Android

33.2 Responsive and 

adaptive UI for different 

device types for both iOS 

and Android

33.3 Multi-device 

application 

development universal 

for phone, desktop and 

tablet

33.4 Application 

development universal 

for phone, tablet and 

desktop for iOS or 

Android

33.5 "Write once, use 

everywhere" feature for 

usage of applications on 

multiple devices for iOS 

or Android

33.6 Multi-device 

application 

development for iOS, 

Android, Windows, 

Blackberry and more

33.7 Applications for 

desktop and mobile, 

standard iOS, different 

IDE needed for 

Android

33.8 QuickBase 

Mobile for support of 

any device for iOS 

and Android

87,5%

34. On-Premises 

deployment

34.1 On-premise 

deployment feature

34.2 On-premise 

deployment feature

34.3 Only possible after 

ccnsultation
Not Supported Not Supported

34.4 On-premise 

deployment feature

34.5 On-premise 

deployment feature

Not Supported
56,3%

35. Development 

practices PaaS 

environment 

(browser)

35.1 Web Modeler 

besides Desktop 

Modeler for simple tasks, 

not main development 

environment

Not Supported 35.3 Web modeler 35.4 Lightning builder 35.5 Studio IDE 35.6 Visualizer Not Supported

35.8 Web 

development 

environment

68,8%

36. Free demo 

version

36.1 Free community 

edition

36.2 Free forever 

"evaluate and learn" 

edition

36.3 Free trial version 36.4 Free trial version 36.5 Free demo version 36.6 Free forever 

community version

36.7 Free trial version 36.8 Free trial version

100,0%

37. Third Party 

Application Access

37.1 Application store 

for connectors, widgets 

and modules

37.2 Forge, store for 

connectors, components, 

widgets, tools etcetera. 

Internal app store as 

available as application on 

Forge

37.3 Blocks Store with 

integratable API's

37.4 AppExchange 

platform for usage of 

prebuilt software 

components

37.5 ServiceNow Store 37.6 Kony 

Marketplace

Not Supported 37.8 Quickbase 

Exchange for 

exchanging apps and 

Workato for external 

app integration

87,5%

38. Private 

component library

38.1 Private App Store 

for private content

38.2 Custom components 

in private library of Forge

38.3 Private 

components in Block 

Store

38.4 Private custom 

Lightning components in 

communitydesign

38.5 Widget library with 

custom widgets

38.6 Deploy custom 

components on Kony 

Marketplace

Not Supported Not Supported

75,0%

C1. Mendix 2. OutSystems 3. Betty Blocks 4. Salesforce 

(Lightning, 

Salesforce1 platform)

5. ServiceNow Now 

Platform

Open Code 6. Kony 7. Simplicité Software 8. Intuit QuickBase
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Appendix B.2: Online Document Sources 
Cell Source 

1.1 https://www.mendix.com/collaborative-visual-development/ 

1.2 https://success.outsystems.com/Documentation/10/Developing_an_Application/Use_Data/Data_Modeling 

1.3 https://docs.bettyblocks.com/datamodel/datamodel-explained/what-is-a-datamodel 

1.4 https://trailhead.salesforce.com/en/content/learn/projects/salesforce_developer_workshop/creating_data_model 

1.6 https://www.kony.com/products/visualizer/ 

1.7 https://www.simplicitesoftware.com/platform/platform-simplicite-apaas/ 

1.8 https://www.quickbase.com/blog/making-connections-how-to-create-quick-base-relationships  

https://help.quickbase.com/user-assistance/?&_ga=2.162214972.1877231238.1540889233-

1473375482.1540477580#relationship_diagram.html 

2.1 https://docs.mendix.com/refguide/microflows 

2.2 https://www.outsystems.com/learn/lesson/924/create-processes-with-small-flows/ 

https://success.outsystems.com/Documentation/10/Reference/OutSystems_Language/Logic 

2.3 https://docs.bettyblocks.com/actions/actions-explained/what-are-actions 

2.4 https://trailhead.salesforce.com/en/content/learn/modules/business_process_automation/process_builder 

2.5 https://www.servicenow.com/products/platform-flow-designer.html 

2.6 https://www.kony.com/solutions/apaas/ 

2.7 https://www.simplicitesoftware.com/platform/platform-simplicite-apaas/ 

2.8 https://www.quickbase.com/business-application-platform/custom-app-development-software 

3.1 https://www.mendix.com/collaborative-visual-development/ 

3.2 https://www.outsystems.com/outsystems-ui/ 

3.3 https://docs.bettyblocks.com/web-pages-ui-builder-and-html-javascript/build-pages-using-the-ui-builder/what-is-

the-ui-builder 

3.4 https://trailhead.salesforce.com/en/modules/xcode-essentials/units/learn-interface-builder 

3.5 https://www.servicenow.com/products/application-development.html 

3.6 https://docs.kony.com/konylibrary/visualizer/visualizer_user_guide/Default.htm#PopulatingWidgets.htm%3FTo

cPath%3DDesigning%2520an%2520Application%7CPopulate%2520Screens%2520with%2520Widgets%7C___

__0 

3.7 https://training.simplicite.io/training/interface-configuration-items/ 

3.8 https://www.quickbase.com/business-application-platform/custom-app-development-software 

4.1 https://www.mendix.com/blog/the-power-of-mendix/ 

4.2 https://success.outsystems.com/Evaluation/Architecture/2_OutSystems_Platform_architecture#Code_generator 

4.3 Int-4 (Interview 4 of this study) 

4.4 https://www.forbes.com/sites/jasonbloomberg/2018/07/30/low-codeno-code-hpapaas-heres-what-everybody-is-

missing/#10ee08303ac0 

4.5 https://www.forbes.com/sites/jasonbloomberg/2018/07/30/low-codeno-code-hpapaas-heres-what-everybody-is-

missing/#10ee08303ac0 

4.6 http://docs.kony.com/konylibrary/visualizer/viz_rel_notes/Content/V8_new_features.htm 

4.7 https://www.crunchbase.com/organization/simplicit-software#section-overview 

4.8 Gartner Report, Vincent et al. (2018) 

5.1 https://www.mendix.com/evaluation-guide/app-lifecycle/app-development 

5.3 https://www.bettyblocks.com/no-code-low-code-application-development 

5.4 https://a.sfdcstatic.com/content/dam/www/ocms/nl/assets/pdf/ebook/Salesforce1-Platform-Services-

ebook_NL_rev6.pdf 

5.6 https://www.kony.com/solutions/apaas/ 

5.8 https://www.quickbase.com/business-application-platform/custom-app-development-software 

6.1 https://docs.mendix.com/howto/logic-business-rules/extending-your-application-with-custom-java 

39. Webservices 

and API Integration 

features

39.1 Integration of API's, 

webservices and external 

databases. REST, SOAP 

and OData. Automatic 

data mapping of incoming 

structures

39.2 Integration of API's, 

webservices. REST and 

SOAP. Mapping tools 

available in Forge

39.3 Integration 

possibilities with other 

(legacy) systems, 

services and databases. 

39.4 Integration of 

API's and external 

databases. SOAP and 

REST integration 

supported.

39.5 Integration of 

API's, webservices and 

external databases. 

REST and SOAP. 

39.6 Integration of 

API's and webservices 

with SOAP. 

39.7 Integration of 

API's, webservices. 

REST, SOAP and 

OData. Possibility 

develop custom 

connectors. 

39.8 REST API 

integration feature

100,0%

40. Custom 

connectors and 

API's development 

features

40.1 Custom connector 

development feature

40.2 Custom connector 

development feature

40.3 Build custom 

API's

40.4 Custom connector 

development feature in 

Apex Connector 

Framework

40.5 Custom connector 

development feature

40.6 Java Service for 

custom connectors

40.7 Create custom 

services

Not Supported

75,0%

41. ERP specific 

integration

41.1 SAP integration 41.2 SAP integration Not Supported 41.4 SAP integration Not Supported 41.6 SAP Business 

Suite Integration

Not Supported Not Supported
50,0%

42. IoT data 

integration

42.1 IoT service 

integration  of IoT 

platforms features

42.2 IoT connector 

features in app store 

Forge

Not Supported 42.4 Saleforce IoT 

platform for IoT-data 

integration features

42.5 ServiceNow and 

IoT device integration 

features

42.6 AWS IoT 

services support 

features

42.7 IoT integration 

feature

Not Supported

75,0%

5. ServiceNow Now 

Platform

6. Kony 7. Simplicité Software 8. Intuit QuickBase COpen Code 1. Mendix 2. OutSystems 3. Betty Blocks 4. Salesforce 

(Lightning, 

Salesforce1 platform)
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Cell Source 

6.2 https://success.outsystems.com/Evaluation/Developing_with_OutSystems/00_Will_I_hit_a_wall_when_developi

ng 

6.4 https://developer.salesforce.com/platform/heroku 

6.5 https://docs.servicenow.com/bundle/london-application-development/page/build/applications/concept/extension-

points.html 

6.6 https://docs.kony.com/konylibrary/visualizer/visualizer_user_guide/Content/CreateNewProject.htm 

7.1 https://docs.mendix.com/refguide/java-actions 

https://docs.mendix.com/howto/custom-widget-development 

7.2 https://success.outsystems.com/Documentation/Best_Practices/The_Complete_Guide_to_Creating_Components 

7.3 https://docs.bettyblocks.com/web-pages-ui-builder-and-html-javascript/building-web-pages/howto-use-the-

custom-component 

7.4 https://developer.salesforce.com/platform/heroku 

7.5 https://www.servicenow.com/content/dam/servicenow-assets/public/en-us/doc-type/resource-center/ebook/ebk-

now-platform-reference-guide.pdf 

7.6 https://docs.kony.com/konylibrary/visualizer/visualizer_user_guide/Content/C_CreatingComponent.htm 

7.7 https://www.simplicite.io/resources/documentation/01-core/externalobject-code-examples.md 

8.1 https://www.mendix.com/evaluation-guide/app-lifecycle/requirements-management 

8.2 https://www.outsystems.com/forge/component/1177/ontrack/?Unfollow=False 

8.4 https://developer.salesforce.com/platform/dx 

https://appexchange.salesforce.com/appxListingDetail?listingId=a0N30000000ps3jEAA 

8.5 https://www.servicenow.com/products/agile-development.htm 

8.7 https://www.simplicitesoftware.com/platform/users-profils/ 

https://www.simplicite.io/resources/demo.pdf 

8.8 https://www.quickbase.com/exchange?search=Chris%20Baker 

9.1 https://www.mendix.com/evaluation-guide/app-lifecycle/requirements-management 

9.2 https://www.outsystems.com/forge/Component_Details.aspx?ProjectId=2516 

9.4 https://appexchange.salesforce.com/appxListingDetail?listingId=a0N30000000ps3jEAA 

9.5 http://www.servicenowelite.com/blog/2016/10/23/agile-development 

9.8 https://www.quickbase.com/attachment/customer/r/6/f/centralizing-a-decentralized-distribution-business-with-

quickbase.pdf 

10.1 https://www.mendix.com/evaluation-guide/app-lifecycle/requirements-management 

10.2 https://www.outsystems.com/forge/Component_Details.aspx?ProjectId=2516 

10.4 https://appexchange.salesforce.com/appxListingDetail?listingId=a0N30000000ps3jEAA 

10.5 https://docs.servicenow.com/bundle/london-it-business-management/page/product/agile-SAFe/concept/team-

level-tabs.html 

10.8 https://www.quickbase.com/exchange/scrum/640 

11.1 https://www.mendix.com/evaluation-guide/app-lifecycle/requirements-management 

11.2 https://www.outsystems.com/forge/Component_Details.aspx?ProjectId=2516 

11.3 https://www.bettyblocks.com/blog/new-my-betty-blocks 

11.4 https://appexchange.salesforce.com/appxListingDetail?listingId=a0N30000000ps3jEAA 

11.5 https://docs.servicenow.com/bundle/london-it-business-management/page/product/agile-SAFe/concept/team-

level-tabs.html 

11.8 https://www.quickbase.com/exchange/scrum/640 

12.1 https://docs.mendix.com/developerportal/general/roles 

12.2 https://www.outsystems.com/forge/Component_Details.aspx?ProjectId=2516 

12.5 https://docs.servicenow.com/bundle/london-it-business-management/page/product/agile-

SAFe/reference/installed-with-SAFee.html 

13.1 https://www.mendix.com/evaluation-guide/app-lifecycle/feedback-management 

13.2 https://success.outsystems.com/Documentation/10/Managing_the_Applications_Lifecycle/Gather_User_Feedbac

k 

13.3 https://www.bettyblocks.com/blog/betty-s-road-ahead 

13.4 https://www.atlassian.com/company/events/summit-us/watch-sessions/2017/organize-track/from-feedback-to-

features-building-the-new-jira-experience 

13.7 https://www.simplicitesoftware.com/solutions/devops/ 

14.1 https://gettingstarted.mendixcloud.com/link/home 

14.2 https://www.outsystems.com/learn/ 

14.3 https://docs.bettyblocks.com/getting-started/creating-your-first-application/howto-build-a-simple-order-

management-application 

https://www.bettyblocks.com/fundamentals-training 

14.4 https://trailhead.salesforce.com/en/content/learn/modules/lex_dev_lc_basics 

14.5 https://www.servicenow.com/services/training-and-certification.html#certifications 

14.6 http://training.kony.com/store 

14.7 https://training.simplicite.io/ 

14.8 https://www.quickbase.com/training 
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Cell Source 

15.1 https://forum.mendixcloud.com/index4.html 

15.2 https://www.outsystems.com/community/ 

15.3 https://forum.bettyblocks.com/ 

15.4 https://developer.salesforce.com/forums/ForumsCategories 

15.5 https://community.servicenow.com/community?id=community_forum&sys_id=75291a2ddbd897c068c1fb651f9

619f3 

15.6 https://basecamp.kony.com/s/ 

15.7 http://community.simplicite.io/ 

15.8 https://community.quickbase.com/quickbase 

16.1 https://docs.mendix.com/refguide/user-roles 

16.2 https://success.outsystems.com/Documentation/10/Developing_an_Application/Secure_the_Application/User_R

oles 

16.3 https://docs.bettyblocks.com/authorization/back-office-authorization-explained/permissions-in-betty-blocks 

16.4 https://help.salesforce.com/articleView?id=admin_roles.htm&type=5 

16.5 https://docs.servicenow.com/bundle/london-platform-administration/page/administer/roles/concept/c_Roles.html 

16.6 http://docs.kony.com/konylibrary/konyfabric/kony_fabric_user_guide/Content/Settings.htm 

16.7 https://www.simplicitesoftware.com/platform/users-profils/ 

16.8 https://fast.wistia.com/embed/iframe/b8pf7gli1c?popover=true 
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Appendix B.3: Interview Statements Coding 

Int- Statements Open Code Tag Property 

1 LCD uses graphical modeling languages Visual modeling Design 

Technique 

Visual 

2 Visual modeling of applications Visual modeling Design 

Technique 

Visual 

3 Drag-and-drop functionalities; With NCD/LCD, 

less programming is needed due to the visual 

development 

Visual modeling Design 

Technique 

Visual 

4 NCD/LCD uses visual development practices; 

Simple and fast app development with use of visual 

development functionalities 

Visual modeling Design 

Technique 

Visual 

5 LCD uses visual modeling, shield the developer 

from hard coding 

Visual modeling Design 

Technique 

Visual 

6 LCD is a new way of programming by using visual 

programming, Drag-and-drop functionalities, 

Component-based development 

Visual modeling Design 

Technique 

Visual 

7 LCD makes use of visual application development Visual modeling Design 

Technique 

Visual 

8 focus on visual modeling instead of programming Visual modeling Design 

Technique 

Visual 

1 minimal amount of hand-coding Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

2 Developing is not only about coding anymore.  Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

3 With NCD/LCD, less programming is needed Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

4 No need for traditional coding with use of visual 

development 

Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

5 shield the developer from hard coding Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

6 LCD is a new way of programming by using visual 

programming, Optimization with custom code can 

be used for performance improvement  

Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

7 LCD Focusses on using less code Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

8 focus on visual modeling instead of programming Minimize coding 

practices 

Design 

Technique 

Minimized 

coding 

1 Mix of developer types in multidisciplinary team; 

applicability of citizen developers is case specific 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 

2 Citizen developers may become involved in the 

development process; Unexperienced developers 

(citizen developers) are only applicable for specific 

cases; - Development is very simplified, allowing 

“citizen-Developers” to get involved in the 

development process. 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 

3 Unexperienced developers can develop an 

application after a couple days of training 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 
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4 NCD focusses on the citizen developer; The tech-

savvy business user and the citizen developers are 

business users with enough IT knowledge 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 

5 Citizen-developers may be of use, however they 

need to be educated 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 

6 Citizen-development is possible, however has to be 

taken careful in consideration. 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 

7 People without extensive coding skills (citizen 

developers) have the ability to develop applications 

with LCD. 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 

8 Some (NCD) platforms, like Betty Blocks, come 

close to be able to involve citizen-developers 

Involving citizen-

developers in 

development 

process 

Developer types No coding 

skills, 

unexperienced 

1 Use of agile in combination with Lean 

methodologies in order to achieve LCD benefits 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

2 Agile Scrum practices are often combined with 

LCD and have a good fit; Agile is no characteristic 

of LCD but they go hand-in-hand 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

3 Agile development methods are often combined 

with LCD/NCD 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

4 Great for agile development methodologies, but no 

condition; An agile way of working and thinking 

contributes to positive adoption of NCD/LCD 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

5 

LCD has a good fit with Agile but not obligated 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

6 Agile and LCD are closely related where you will 

not exploit all benefits when you do not use it 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

7 Agile development methodologies are supported to 

cover the planning aspects of the ALC 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

8 LCD platforms speed up the development practices 

in such a way that it has a great fit with agile and 

DevOps way of working 

Great fit with agile 

methodologies 

Development 

method 

Leveraging 

with agile 

1 High reuse ability of components; LCD makes it 

possible to set up a component/service library 

Component-based 

development 

Design 

Technique 

Component-

based 

2 

Development at LCD uses components 

Component-based 

development 

Design 

Technique 

Component-

based 

3 

Use of components to develop applications 

Component-based 

development 

Design 

Technique 

Component-

based 

4 Reusing components is key where an organization 

can add custom components 

Component-based 

development 

Design 

Technique 

Component-

based 

5 

Reuse of generic software components 

Component-based 

development 

Design 

Technique 

Component-

based 

6 Component-based development; Standardization of 

software components 

Component-based 

development 

Design 

Technique 

Component-

based 

7 Components are used as building blocks to 

construct the applications 

Component-based 

development 

Design 

Technique 

Component-

based 
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1 High reuse ability of components; LCD makes it 

possible to set up a component/service library 

Reusability of 

components 

Design 

Technique 

Reusability of 

components 

4 Reusing components is key where an organization 

can add custom components 

Reusability of 

components 

Design 

Technique 

Reusability of 

components 

5 

Reuse of generic software components 

Reusability of 

components 

Design 

Technique 

Reusability of 

components 

6 Component-based development; Standardization of 

software components 

Reusability of 

components 

Design 

Technique 

Reusability of 

components 

1 A maximized level of automation. Automated 

testing, performance management and release and 

version control are an essential part of LCD, the 

level of automation is crucial here. 

Automate SDLC 

practices  SDLC practices Automated 

2 LCD focuses semi-automated application 

development and adjustment 

Automate SDLC 

practices  SDLC practices Automated 

5 

Automation of practices in the whole SDLC 

Automate SDLC 

practices  SDLC practices Automated 

6 
Automation of software development practices 

Automate SDLC 

practices  SDLC practices Automated 

7 Automation of software development practices is 

key 

Automate SDLC 

practices  SDLC practices Automated 

8 Maximized automation is a key characteristic of 

LCD 

Automate SDLC 

practices  SDLC practices Automated 

1 Automatic deployment Direct deployment Deployment Automated 

2 Direct deployment is part of LCD Direct deployment Deployment Automated 

5 Direct Deployment is part of LCD Direct deployment Deployment Automated 

6 LCD involves automated/direct deployment Direct deployment Deployment Automated 

7 Direct deployment Direct deployment Deployment Automated 

1 Automated testing, performance management and 

release and version control are an essential part of 

LCD, the level of automation is crucial here. Automated testing Testing Automated 

2 Automated testing is part of LCD Automated testing Testing Automated 

5 automated testing is part of LCD Automated testing Testing Automated 

6 Automated testing is important; Automated unit 

testing is often a part of LCD projects Automated testing Testing Automated 

7 Besides automatic testing features, continuous 

quality checking of applications (errors/warnings 

etc.) is an essential part of LCD. Automated testing Testing Automated 

1 Automated testing, performance management and 

release and version control are an essential part of 

LCD, the level of automation is crucial here. 

Version 

management tooling Version control Automated 

2 

Version management tools are part of LCD 

Version 

management tooling Version control Automated 

5 Branching/merging functionalities for multi-team or 

multi-developer support 

Version 

management tooling Version control Automated 

6 Version management and control tooling can’t be 

missed during LCD practices. 

Version 

management tooling Version control Automated 

7 Most mentioned features are a part of LCD, 

including version management tooling 

Version 

management tooling Version control Automated 

1 Automated testing, performance management and 

release and version control are an essential part of 

LCD, the level of automation is crucial here.  

Automated 

performance 

measurement 

Performance 

measurement Automated 
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2 

Performance monitoring is part of LCD 

Automated 

performance 

measurement 

Performance 

measurement Automated 

4 

Performance checking can be performed on 

application and component level 

Automated 

performance 

measurement 

Performance 

measurement Automated 

5 Automated performance monitoring is essential for 

LCD when connected with DevOps 

Automated 

performance 

measurement 

Performance 

measurement 

Automated 

6 Performance monitoring is an example of the 

automation focus of LCD. 

Automated 

performance 

measurement 

Performance 

measurement 

Automated 

7 Most mentioned features are a part of LCD, 

including performance monitoring 

Automated 

performance 

measurement 

Performance 

measurement 

Automated 

4 Continuous checks are used to ensure application 

quality 

Automated quality 

checking 

Application 

quality 

measurement 

Automated 

5 Application Quality Monitoring to check 

application quality 

Automated quality  

checking 

Application 

quality 

measurement 

Automated 

7 Besides automatic testing features, automated 

continuous quality checking of applications 

(errors/warnings etc.) is an essential part of LCD. 

Automated quality 

checking 

Application 

quality 

measurement 

Automated 

1 Continuous improvement with end-user feedback; - 

Fast feedback from customer supports the 

development practices 

Continuous 

improvement with 

use of end-user 

feedback 

Development 

method 

Continuous, 

End-user 

feedback 

2 End-user feedback functionality is supported to 

support continuous improvement 

Continuous 

improvement with 

use of end-user 

feedback 

Development 

method 

Continuous, 

End-user 

feedback 

5 Continuous improvement of applications with end-

user feedback 

Continuous 

improvement with 

use of end-user 

feedback 

Development 

method 

Continuous, 

End-user 

feedback 

7 Management of end-user feedback in a feedback 

management tool to connect operational side and 

requirement management portal 

Continuous 

improvement with 

use of end-user 

feedback 

Development 

method 

Continuous, 

End-user 

feedback 

2 The ability to support the “change” process is a key 

characteristic of LCD: Continuous improvement of 

existing applications 

Continuous 

adaptability of 

applications 

Development 

method 

Continuously 

adapting 

3 One can keep launching new versions and 

continuously improve the application 

Continuous 

adaptability of 

applications 

Development 

method 

Continuously 

adapting 

5 One can continuously adapt to application to the 

environment 

Continuous 

adaptability of 

applications 

Development 

method 

Continuously 

adapting 

6 Fast adaptability/Continuous improvement is 

important to deliver fast and iterate 

Continuous 

adaptability of 

applications 

Development 

method 

Continuously 

adapting 
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7 Continuous adaptability and improvement of 

applications is an characteristic of LCD to improve 

software iteratively 

Continuous 

adaptability of 

applications 

Development 

method 

Continuously 

adapting 

1 LCD makes rapid prototyping possible Rapid prototyping  Development 

method 

Rapid 

prototyping 

2 After a short iteration developers show a prototype 

to the customer to evaluate. 

Rapid prototyping  Development 

method 

Rapid 

prototyping 

3 LCD/NCD supports rapid prototyping; Innovation 

labs ensure working prototypes within 2 weeks 

Rapid prototyping  Development 

method 

Rapid 

prototyping 

4 An MVP is reached in a couple of days Rapid prototyping  Development 

method 

Rapid 

prototyping 

6 LCD is applicable for fast prototyping Rapid prototyping  Development 

method 

Rapid 

prototyping 

8 Prototyping is the practice where business 

developers with some IT experience could be used 

Rapid prototyping  Development 

method 

Rapid 

prototyping 

1 Continuous learning with room for mistakes Continuously learn 

from mistakes 

Development 

Method 

Continuous 

Learning 

8 Culture of continuous learning and improvement is 

essential 

Continuously learn 

from mistakes 

Development 

Method 

Continuous 

Learning 

1 The culture should support the fast pace of ideas 

and practices 

Fast software 

development 

Development 

method 

Fast 

2 

LCD supports fast & decisive methodologies 

Fast software 

development 

Development 

method 

Fast 

3 

Rapid Application Development (RAD) 

Fast software 

development 

Development 

method 

Fast 

4 NCD/LCD support fast software development; 

Simple and fast app development with use of visual 

development functionalities 

Fast software 

development 

Development 

method 

Fast 

5 

Support fast development processes  

Fast software 

development 

Development 

method 

Fast 

6 LCD supports fast development; Fast 

adaptability/Continuous improvement is important 

to deliver fast and iterate 

Fast software 

development 

Development 

method 

Fast 

7 LCD focuses on making software development easy 

and fast 

Fast software 

development 

Development 

method 

Fast 

4 An Agile sprint 0 is defined at the start of each 

project 

Use of initial sprint 

at project start 

Project 

initiation 

Initial agile 

sprint 

5 Foundation Sprint or Sprint 0 is settled at the 

beginning of a process 

Use of initial sprint 

at project start 

Project 

initiation 

Initial agile 

sprint 

2 

An experienced developer should check the 

performed work of unexperienced developers 

Experienced 

developers are still 

needed 

Developer types Experienced 

4 Experienced developers are less needed when 

building applications with Betty Blocks. However, 

validation is needed in order to stop the deployment 

of (data) models of applications that don’t make 

sense.  

Experienced 

developers are still 

needed 

Developer types Experienced 

5 

Experienced programmers are still needed 

Experienced 

developers are still 

needed 

Developer types Experienced 

6 

Citizen development is often supervised by 

experienced developers 

Experienced 

developers are still 

needed 

Developer types Experienced 
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7 Unexperienced developers need some kind of 

governance by experienced developers; Before 

deployment of applications made by unexperienced 

developers, quality checks are performed by 

automated checks or experts.  

Experienced 

developers are still 

needed 

Developer types Experienced 

8 

Citizen developers are still not very applicable for 

LCD 

Experienced 

developers are still 

needed 

Developer types Experienced 

1 

Applicability of citizen developers is case specific 

Applicability of 

involving citizen 

developers is case 

specific 

Citizen-

developer 

involvement 

Case specific 

applicability 

2 

Unexperienced developers (citizen developers) are 

only applicable for specific cases 

Applicability of 

involving citizen 

developers is case 

specific 

Citizen-

developer 

involvement 

Case specific 

applicability 

3 

Allowing business developers without IT 

knowledge use NCD/LCD is questionable and 

different per case 

Applicability of 

involving citizen 

developers is case 

specific 

Citizen-

developer 

involvement 

Case specific 

applicability 

8 Some (NCD) platforms, like Betty Blocks, come 

close to be able to involve citizen developers; 

software development capabilities are needed (for 

citizen developers) 

Applicability of 

involving citizen 

developers is case 

specific 

Citizen-

developer 

involvement 

Case specific 

applicability 

3 

Unexperienced developers can develop an 

application after a couple days of training 

Citizen-developers 

are trained 

Citizen-

developer 

involvement 

Training 

4 

Trainings are used to educate developers that use 

the NCD platform 

Citizen-developers 

are trained 

Citizen-

developer 

involvement 

Training 

5 

Citizen-developers may be of use, however they 

need to be educated 

Citizen-developers 

are trained 

Citizen-

developer 

involvement 

Training 

7 

Training of involved LCD developers is essential, 

especially for unexperienced developers 

Citizen-developers 

are trained 

Citizen-

developer 

involvement 

Training 

2 An experienced developer should check the 

performed work of unexperienced developers 

Experienced 

developer reviews 

work by citizen-

developer 

Citizen-

developer 

involvement 

Work reviewed 

by experienced 

developer 

4 Experienced developers are less needed when 

building applications with Betty Blocks. However, 

validation could be needed in order to stop the 

deployment of (data) models of applications that 

don’t make sense;  It is wise that IT experts 

construct the data model 

Experienced 

developer reviews 

work by citizen-

developer 

Citizen-

developer 

involvement 

Work reviewed 

by experienced 

developer 

6 Citizen development is often supervised by 

experienced developers 

Experienced 

developer reviews 

work by citizen-

developer 

Citizen-

developer 

involvement 

Work reviewed 

by experienced 

developer 

7 Unexperienced developers need some kind of 

governance by experienced developers; Before 

deployment of applications made by unexperienced 

Experienced 

developer reviews 

Citizen-

developer 

involvement 

Work reviewed 

by experienced 

developer 
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developers, quality checks are performed by 

automated checks or experts.  

work by citizen-

developer 

1 Mix of developer types in multidisciplinary teams Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

2 Multidisciplinary teams with members from 

different departments 

Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

3 Multidisciplinary teams are used at LCD/NCD 

projects 

Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

4 Multidisciplinary teams including IT-experts are 

used at NCD projects 

Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

5 multidisciplinary teams Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

6 

Multidisciplinary teams with deviant expertise are 

used at LCD projects 

Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

7 

Multidisciplinary teams are used at LCD projects 

Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

8 

The LCD practice of Atos is very multidisciplinary 

Use of 

multidisciplinary 

teams 

Team 

characteristics 

Multidisciplina

ry 

2 Faster communication between business and IT 

departments 

Closer collaboration 

between business 

and IT departments 

Business-IT 

collaboration 

Close 

4 This also ensures an improved collaboration 

between the business and IT departments 

Closer collaboration 

between business 

and IT departments 

Business-IT 

collaboration 

Close 

5 to remove the gap between business and IT 

departments  

Closer collaboration 

between business 

and IT departments 

Business-IT 

collaboration 

Close 

6 LCD projects involve quick/agile communication 

between stakeholders; LCD narrows collaboration 

between business and IT departments 

Closer collaboration 

between business 

and IT departments 

Business-IT 

collaboration 

Close 

7 LCD strives for better Business – IT collaboration Closer collaboration 

between business 

and IT departments 

Business-IT 

collaboration 

Close 

2 Faster communication between business and IT 

departments 

Communication 

centered 

development 

Development 

method 

Communicatio

n centered 

5 communication between multidisciplinary teams 

and developers 

Communication 

centered 

development 

Development 

method 

Communicatio

n centered 

6 LCD projects involve quick/agile communication 

between stakeholders 

Communication 

centered 

development 

Development 

method 

Communicatio

n centered 

8 Software developers are moving from a 

programming to a communicative job. This requires 

communicative capabilities. 

Communication 

centered 

development 

Development 

method 

Communicatio

n centered 
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5 LCD has a strong community; Social collaboration 

between developers; A forum that supports the 

developer with all kinds of problems  

Developers 

community 

Developer 

support 

Community 

1 Cloud features are important characteristics of 

LCD; In the near future, on-premise deployment 

may be eliminated 

Cloud as main 

environment with 

possibility for on-

premise deployment 

Deployment 

and operations 

Cloud focused, 

on-premise 

option 

4 A DTAP street with sandboxes in the cloud are 

used to define the state of an application; There is a 

possibility to deploy applications on-premises but 

this is highly unusual 

Cloud as main 

environment with 

possibility for on-

premise deployment 

Deployment 

and operations 

Cloud focused, 

on-premise 

option 

5 cloud is an essential part of LCD, on-premise is 

possible but not recommendable; Use cloud 

features in order to exploit the benefits of LCD 

Cloud as main 

environment with 

possibility for on-

premise deployment 

Deployment 

and operations 

Cloud focused, 

on-premise 

option 

6 On-premise possible, but make use of cloud in 

order to exploit benefits of LCD  

Cloud as main 

environment with 

possibility for on-

premise deployment 

Deployment 

and operations 

Cloud focused, 

on-premise 

option 

7 Cloud with an option for on-premise is a 

characteristic of LCD 

Cloud as main 

environment with 

possibility for on-

premise deployment 

Deployment 

and operations 

Cloud focused, 

on-premise 

option 

8 Using cloud as operational environment is key to 

experience the speed benefits of LCD. 

Cloud as main 

environment with 

possibility for on-

premise deployment 

Deployment 

and operations 

Cloud focused, 

on-premise 

option 

1 LCD can be used for both back-end systems and 

front-end systems; Core business logic can be 

described with LCD 

Development of 

back- and front-end 

systems  

Development 

purpose 

Back- and 

front-end 

systems 

2 LCD can be used for both back- and front-end 

systems, where citizen developers should not be 

involved in development practices of back-end 

systems 

Development of 

back- and front-end 

systems  

Development 

purpose 

Back- and 

front-end 

systems 

3 LCD/NCD can be used for Back- and front-end 

development 

Development of 

back- and front-end 

systems  

Development 

purpose 

Back- and 

front-end 

systems 

8 Projects do not need to be for small front-end 

applications, even at the start of adoption 

Development of 

back- and front-end 

systems  

Development 

purpose 

Back- and 

front-end 

systems 

8 Developers could adopt requirements which do not 

fit in the project scope or discard a project in a 

stage where this is not needed. The scope should be 

maintained carefully. 

Project scope should 

be carefully 

maintained 

Project Maintained 

scope 

7 Start with small projects Start with small 

projects 

Project size Small start 

8 At this consultancy company, LCD started as a 

small separate incubator besides the regular 

organization, giving it the opportunity to grow.  

Start with small 

projects 

Project size Small start 

2 Dare to use LCD in a broader context besides usage 

for small applications 

Dare to use LCD for 

bigger applications 

Project size Size 

independent 

8 Projects do not need to be for small front-end 

applications, even at the start of adoption 

Dare to use LCD for 

bigger applications 

Project size Size 

independent 
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4 Stakeholders that have financial decision rights are 

essential for successful adoption of NCD.  

Financial support is 

crucial 

Management  Financial 

support 

7 Financial support is a key bottleneck Financial support is 

crucial 

Management  Financial 

support 

1 An LCD champion could support the transition to 

LCD 

Locate key 

Stakeholders 

(program 

manager/ambassado

r/thought 

leader/champion) 

Adoption 

stakeholders 

Leading / 

Knowledge 

holding 

2 A senior management employee should be 

ambassador of the change; An ambassador carries 

the transformation project and decision to use LCD 

as new standard 

Locate key 

Stakeholders 

(program 

manager/ambassado

r/thought 

leader/champion) 

Adoption 

stakeholders 

Involve leading 

/ Knowledge 

holding 

functions 

4 A knowledge holder is essential: A stakeholder 

from a non-IT department with enough knowledge 

on the software. 

Locate key 

Stakeholders 

(program 

manager/ambassado

r/thought 

leader/champion) 

Adoption 

stakeholders 

Involve leading 

/ Knowledge 

holding 

functions 

7 a program manager is essential which leads the 

adoption process and every LCD project 

Locate key 

Stakeholders 

(program 

manager/ambassado

r/thought 

leader/champion) 

Adoption 

stakeholders 

Involve leading 

/ Knowledge 

holding 

functions 

8 Besides technical support, a “thought leader”, 

someone with experience with LCD that steers and 

gives feedback when needed. 

Locate key 

Stakeholders 

(program 

manager/ambassado

r/thought 

leader/champion) 

Adoption 

stakeholders 

Involve leading 

/ Knowledge 

holding 

functions 

2 Don’t be scared for change Don't be scared for 

change 

Attitude Embrace 

change 

5 Do not be scared for change; Employees starting to 

work with LCD should have a positive view 

towards it; Acknowledge the value of the change 

Don't be scared for 

change 

Attitude Embrace 

change 

1 A clear vision of management Clear vision of 

management 

Management Clear vision 

2 Clear view of management is needed in order to 

ensure successful adoption 

Clear vision of 

management 

Management Clear vision 

4 Management should have a clear vision where they 

want to go 

Clear vision of 

management 

Management Clear vision 

4 A knowledge holder is essential: A stakeholder 

from a non-IT department with enough knowledge 

on the software. 

IT 

Knowledge/experien

ce at the business 

side 

Business 

department 

Has IT-

knowledge/ 

experience 

5 Business should be capable to develop idea into 

software 

IT 

Knowledge/experien

ce at the business 

side 

Business 

department 

Has IT-

knowledge/ 

experience 
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5 Do not be risk-avoiding Do not be risk 

avoiding 

Culture Non-risk 

avoiding 

5 Be adaptive to requirements Be adaptive to 

requirements 

Culture Adaptive to 

requirements 

4 An agile way of working and thinking contributes 

to positive adoption of NCD/LCD. 

Agile way of 

thinking 

Culture Agile thinking 

5 Be a bit agile and have an agile way of thinking Agile way of 

thinking 

Culture Agile thinking 

1 support better continuous improvement Culture of 

continuous 

improvement 

Culture Continuous 

improvement 

2 The ability to support the “change” process is a key 

characteristic of LCD: Continuous improvement 

Culture of 

continuous 

improvement 

Culture Continuous 

improvement 

5 continuous improvement practice. One can 

continuously adapt the application to the 

environment. 

Culture of 

continuous 

improvement 

Culture Continuous 

improvement 

6 Fast adaptability/Continuous improvement is 

important to deliver fast and iterate 

Culture of 

continuous 

improvement 

Culture Continuous 

improvement 

7 Continuous adaptability and improvement of 

applications is an characteristic of LCD to improve 

software iteratively 

Culture of 

continuous 

improvement 

Culture Continuous 

improvement 

5 Long procedures have to be in line with fast 

development methodologies 

Procedures have to 

be in line with fast 

methodology 

Procedures In line with fast 

methodologies 

8 An LCD project should not be purely interesting for 

the IT department but should focus on goals of the 

business (e.g. higher customer satisfaction/revenue 

increase/less costs) 

Projects focus on 

business goals 

Project Business goals 

oriented 

8 Deal with resistance of software engineers. Manage resistance Change 

management 

Resistance 

1 Management support in adoption process Management should 

support/govern LCD 

adoption 

Management Support / 

Governance 

8 There should be governance from the management Management should 

support/govern LCD 

adoption 

Management Support / 

Governance 

8 An Agile coach is sometimes added to the adoption 

process  

Use agile coach at 

adoption 

Adoption 

stakeholders 

Agile coach 

4 Team members should trust and respect each other. 

Citizen-developers may have less experience, 

however they should get a chance to be involved in 

the team. 

Trust/respect 

citizen-developers 

Citizen-

development 

Should be 

trusted/ 

respected 

5 Trust new (citizen-)developers to get involved in 

the development 

Trust/respect 

citizen-developers 

Citizen-

development 

Should be 

trusted/ 

respected 

6 Unexperienced (citizen-)developers should be taken 

serious in the team 

Trust/respect 

citizen-developers 

Citizen-

development 

Should be 

trusted/ 

respected 

1 Involved stakeholders should all agree on the value 

of the change process towards LCD 

Acknowledge the 

value of LCD 

Adoption of 

LCD 

Acknowledge 

value 
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5 Acknowledge value of LCD and support its fast 

development processes 

Acknowledge the 

value of LCD 

Adoption of 

LCD 

Acknowledge 

value 

1 employees should actually like the new technology Employees should 

have positive 

attitude towards 

LCD 

Adoption of 

LCD 

Positive view 

towards it 

5 Employees starting to work with LCD should have 

a positive view towards it. 

Employees should 

have positive 

attitude towards 

LCD 

Adoption of 

LCD 

Positive view 

towards it 

8 It helps if the employees have a positive attitude 

towards LCD from the beginning. 

Employees should 

have positive 

attitude towards 

LCD 

Adoption of 

LCD 

Positive view 

towards it 
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N Open codes Tag Property Source C 

1 Visual modeling Design Technique Visual Interviews 100% 

2 

Great fit with Agile 

methodologies 

Development method Leveraging with agile Interviews 100% 

3 

Involving citizen developers in 

development process 

Developer types No coding skills, 

unexperienced 

Interviews 100% 

4 Minimize coding practices Design Technique Minimized coding Interviews 100% 

5 

Component-based development Design Technique Component-based Interviews 88% 

6 Reusability of components Design Technique 

Reusability of 

components 

Interviews 50% 

7 Automate SDLC practices  SDLC practices Automated Interviews 75% 

8 Direct deployment Deployment Automated Interviews 63% 

9 Automated testing Testing Automated Interviews 63% 

10 Version management tooling Version control Automated Interviews 63% 

11 

Automated performance 

measurement 

Performance measurement Automated Interviews 75% 

12 

Automated quality checking Application quality 

measurement 

Automated Interviews 38% 

13 

Continuous improvement with 

use of end-user feedback 

Development method Continuous, End-user 

feedback 

Interviews 50% 

14 

Continuous adaptability of 

applications 

Development method Continuously adapting Interviews 63% 

15 Rapid prototyping  Development method Rapid prototyping Interviews 63% 

16 

Continuously learn from 

mistakes 

Development Method Continuous Learning Interviews 25% 

17 Fast software development Development method Fast Interviews 88% 

18 

Use of initial sprint at project 

start 

Project initiation Initial agile sprint Interviews 25% 

19 

Experienced developers are still 

needed 

Developer types Experienced Interviews 75% 

20 

Applicability of involving citizen 

developers is case specific 

Citizen-developer 

involvement 

Case specific 

applicability 

Interviews 50% 

21 

Citizen-developers are trained Citizen-developer 

involvement 

Training Interviews 50% 

22 

Experienced developer reviews 

work by citizen-developer 

Citizen-developer 

involvement 

Work reviewed by 

experienced developer 

Interviews 50% 
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23 Use of multidisciplinary teams 

Team characteristics Multidisciplinary Interviews 100% 

24 

Closer collaboration between 

business and IT departments 

Business-IT collaboration Close Interviews 63% 

25 

Communication centered 

development 

Development method Communication 

centered 

Interviews 50% 

26 Developers community Developer support Community Interviews 13% 

27 

Cloud as main environment with 

possibility for on-premise 

deployment 

Deployment and 

operations 

Cloud focused, on-

premise option 

Interviews 75% 

28 

Development of back- and front-

end systems 

Development purpose Back- and front-end 

systems 

Interviews 50% 

29 

Project scope should be carefully 

maintained 

Project Maintained scope Interviews 13% 

30 Start with small projects Project size Small start Interviews 25% 

31 

Dare to use LCD for bigger 

applications 

Project size Size independent Interviews 25% 

32 Financial support is crucial Management  Financial support Interviews 25% 

33 

Locate Key Stakeholders 

(program 

manager/ambassador/thought 

leader/champion) 

Adoption stakeholders Involve leading / 

Knowledge holding 

functions 

Interviews 63% 

34 Don't be scared for change Attitude Embrace change Interviews 25% 

35 

Clear vision of management Management Clear vision Interviews 38% 

36 

IT Knowledge/experience at the 

business side 

Business department Has IT-knowledge/ 

experience 

Interviews 25% 

37 Do not be risk avoiding Culture Non-risk avoiding Interviews 13% 

38 

Be adaptive to requirements Culture Adaptive to 

requirements 

Interviews 13% 

39 Agile way of thinking Culture Agile thinking Interviews 25% 

40 

Culture of continuous 

improvement 

Culture Continuous 

improvement 

Interviews 63% 

41 

Long procedures have to be in 

line with fast development 

methodologies 

Procedures In line with fast 

methodologies 

Interviews 13% 

42 

Projects focus on business goals Project Business goals oriented Interviews 13% 

43 Manage resistance Change management Resistance Interviews 13% 

44 

Management should 

support/govern LCD adoption 

Management Support / Governance Interviews 25% 
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N Open codes Tag Property Source C 

45 Use agile coach at adoption Adoption stakeholders Agile coach Interviews 13% 

46 

Trust/respect citizen-developers Citizen-development Should be 

trusted/respected 

Interviews 38% 

47 

Acknowledge the value of LCD Adoption of LCD Acknowledge value Interviews 25% 

48 

Employees should have positive 

attitude towards LCD 

Adoption of LCD Positive view towards it Interviews 38% 

49 

Visual Data modeling features Design Technique Visual data modeling, 

component-based drag-

and-drop 

Features 94% 

50 

Flow Diagraming features Design Technique Visual process 

modeling, component-

based drag-and-drop 

Features 100% 

51 Direct Deployment Deployment Automated Features 88% 

52 

Third Party Application Access System integration Third party applications  Features 88% 

53 

WYSIWYG GUI/UX modeling 

features 

Development Visual GUI modeling, 

component-based drag-

and-drop 

Features 88% 

54 

Model execution or code 

generation 

Deployment Model or code based Features 100% 

55 

Support for app development 

without any coding  

Development Codeless Features 50% 

56 

Application extension with 

custom code features 

Customization Add custom code on 

application level 

Features 63% 

57 Build custom components Customization Custom components Features 88% 

58 On-Premises deployment Operational environment On-Premises Features 56% 

59 

Public/Private Cloud Operating 

environment 

Operational environment Public/Private Cloud Features 94% 

60 PaaS infrastructure Cloud  PaaS architecture Features 100% 

61 Scalability features Cloud  Scalable load handling Features 94% 

62 

Development of web and mobile 

applications 

Development purposes Web and mobile 

applications 

Features 100% 

63 

Universal device application 

development 

Device support Universal Features 88% 

64 Free demo version Triability Free Features 100% 

65 

Development practices in PaaS 

environment (browser) 

Accessibility Browser Features 69% 

66 

Project management tooling Agile Project management Features 75% 

67 User story management Agile User Stories Features 63% 

68 

Project backlog management Agile Project backlog Features 63% 
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69 Sprint management Agile Sprints Features 75% 

70 Agile Roles Agile Roles Features 38% 

71 

End-user feedback management Continuous 

improvement/DevOps 

end-user involvement 

with feedback 

Features 63% 

72 

Training/learning facilities Unexperienced developer 

involvement 

Training Features 100% 

73 

Collaboration Forum for 

development support 

Developer support Platform forum Features 100% 

74 

Stage directly to (private) test 

environment feature 

Test environment Stage directly Features 100% 

75 Version management tools Version control Automated Features 63% 

76 Multi-developer support Source control Automated Features 75% 

77 

Application Performance 

Monitoring Features 

Application performance 

measurement 

Automated Features 100% 

78 

Component Performance 

Monitoring 

Component performance 

measurement 

Automated  Features 63% 

79 

Automated functional Testing  Functional testing Automated Features 69% 

80 

Automated UI regression testing UI regression testing Automated Features 50% 

81 Automated Unit Testing Unit testing Automated Features 56% 

82 

Automated Non-functional 

testing 

Non-functional testing Automated Features 44% 

83 

Application 

Quality/Maintainability 

Monitoring  

Application quality 

measurement 

Automated Features 13% 

84 

Continuous Quality & 

Consistency assurance features 

Quality & consistency 

assurance 

Continuous and 

automated 

Features 38% 

85 

Webservices and API Integration 

features 

System integration Webservices and API's Features 100% 

86 Private component library Customization Component library Features 75% 

87 

Custom connectors and API's 

development features 

Customization Integrations Features 75% 

88 ERP integration System integration ERP Features 50% 

89 IoT integration features System integration IoT services Features 75% 

90 

Use/adjust applications after 

ending service contract 

Vendor lock-in Code/model transfer Features 38% 
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Appendix D: Axial Codes 

Appendix D.1: LCD Definition Axial Coding 

Open code Tag Property Source C Axial code 

1 Visual modeling Design Technique Visual Interviews 100% LCDchar1. 

Visual, component-

based modeling of 

data, processes and 

Graphical User 

Interfaces (GUI) 

with possibility to 

add code where 

needed 

5 Component-based 

development 

Design Technique Component-based Interviews 88% 

4 Minimize coding practices Design Technique Minimized coding Interviews 100% 

49 Visual Data modeling features Development Visual data modeling, 

component-based 

drag-and-drop 

Documents 94% 

50 Flow Diagraming features Development Visual process 

modeling, component-

based drag-and-drop 

Documents 100% 

53 WYSIWYG GUI/UX 

modeling features 

Development Visual GUI modeling, 

component-based 

drag-and-drop 

Documents 88% 

54 Model execution or code 

generation 

Deployment Model execution or 

code generation 

Documents 100% 

55 Support for app development 

without any coding 

Development Codeless Documents 50% 

56 Application extension with 

custom code features 

Customization Add custom code on 

application level 

Documents 63% 

57 Build custom components Customization Custom components Documents 88% 

27 Cloud as main environment 

with possibility for on-

premise deployment 

Deployment and 

operations 

Cloud focused, on-

premise option 

Interviews 75% LCDchar2.  

Cloud centered 

platform with PaaS 

functionalities and 

possibility to deploy 

on cloud and on-

premises to develop 

enterprise-wide 

business 

applications  

28 Development of back- and 

front-end systems 

Development purpose Back- and front-end 

systems 

Interviews 50% 

58 On-Premises deployment Operational 

environment 

On-Premises Documents 56% 

59 Public/Private Cloud 

Operating environment 

Operational 

environment 

Public/Private Cloud Documents 94% 

60 PaaS infrastructure Cloud  PaaS architecture Documents 100% 

61 Scalability features Cloud  Scalable load 

handling 

Documents 94% 

62 Development of web and 

mobile applications 

Development 

purposes 

Web and mobile 

applications 

Documents 100% 

63 Universal device application 

development 

Device support Universal Documents 88% 

65 Development practices in 

PaaS environment (browser) 

Accessibility Browser Documents 69% 

7 Automate SDLC practices  SDLC practices Automated Interviews 75% LCDchar3. 

High level of 

automation in whole 

SDLC 

51 Direct deployment Deployment Automated Interviews 63% 

9 Automated testing Testing Automated Interviews 63% 

75 Version management tooling Version control Automated Interviews 63% 

11 Automated performance 

measurement 

Performance 

measurement 

Automated Interviews 75% 

12 Automated quality checking Application quality 

measurement 

Automated Interviews 38% 

51 Direct Deployment Deployment Automated Documents 88% 

75 Version management tools Configuration 

management 

Automated Documents 63% 
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76 Multi-developer support Source control Automated Documents 75% 

77 Application Performance 

Monitoring Features 

Application 

performance 

measurement 

Automated Documents 100% 

78 Component Performance 

Monitoring 

Component 

performance 

measurement 

Automated  Documents 75% 

79 Automated functional Testing  Functional testing Automated Documents 69% 

80 Automated UI regression 

testing 

UI regression testing Automated Documents 50% 

81 Automated Unit Testing Unit testing Automated Documents 56% 

82 Automated Non-functional 

testing 

Non-functional 

testing 

Automated Documents 44% 

54 Model execution or code 

generation 

Deployment Model execution or 

code generation 

Documents 100% 

83 Application 

Quality/Maintainability 

Monitoring  

Application quality 

measurement 

Automated Documents 13% 

13 Continuous improvement with 

use of end-user feedback 

Development method Continuous, End-user 

involvement 

Interviews 50% LCDchar4. 

Leveraging fast, 

iterative application 

methods such as 

agile 

14 Continuous adaptability of 

applications 

Development method Continuously 

adapting 

Interviews 63% 

15 Rapid prototyping  Development method Rapid prototyping Interviews 63% 

17 Fast software development Development method Fast Interviews 88% 

16 Continuously learn from 

mistakes 

Development Method Continuous Learning Interviews 25% 

2 Great fit with Agile 

methodologies 

Development method Leveraging with agile Interviews 100% 

23 Use of multidisciplinary 

teams 

Team characteristics Multidisciplinary Interviews 100% 

40 Culture of continuous 

improvement 

Culture Continuous 

improvement 

Interviews 63% 

24 Closer collaboration between 

business and IT departments 

Business-IT 

collaboration 

Close Interviews 63% 

18 Use of initial sprint at project 

start 

Project initiation Initial agile sprint Interviews 25% 

66 Project management tooling Agile Project management Documents 75% 

67 User story management Agile User Stories Documents 63% 

68 Project backlog management Agile Project backlog Documents 63% 

69 Sprint management Agile Sprints Documents 75% 

70 Agile Roles Agile Roles Documents 38% 

71 End-user feedback 

management 

Continuous 

improvement/DevOps 

end-user involvement 

with feedback 

Documents 63% 

24 Closer collaboration between 

business and IT departments 

Business-IT 

collaboration 

Close Interviews 63% LCDchar5. 

Achieve close 

business-IT 

collaboration with 

multidisciplinary 

teams across 

departments 

25 Communication centered 

development 

Development method Communication 

centered 

Interviews 50% 

19 Experienced developers are 

still needed 

Developer types Experienced Interviews 75% 

36 IT Knowledge/experience at 

the business side 

Business department Has IT-knowledge/ 

experience 

Interviews 25% 

3 Involving citizen developers 

in development process 

Developer types No coding skills, 

unexperienced 

Interviews 100% 
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23 Use of multidisciplinary 

teams 

Team characteristics Multidisciplinary Interviews 100% 

3 Involving citizen developers 

in development process 

Developer types No coding skills, 

unexperienced 

Interviews 100% LCDchar6.  

Involvement of 

Unexperienced 

(Citizen-

)Developers by 

eliminating coding 

and providing 

support 

20 Applicability of involving 

citizen developers is case 

specific 

Citizen-developer 

involvement 

Case specific 

applicability 

Interviews 50% 

21 Citizen-developers are trained Citizen-developer 

involvement 

Training Interviews 50% 

1 Visual modeling Design Technique Visual Interviews 100% 

5 Component-based 

development 

Design Technique Component-based Interviews 88% 

6 Reusability of components Design Technique Reusability of 

components 

Interviews 50% 

22 Experienced developer 

reviews work by citizen-

developer 

Citizen-developer 

involvement 

Work reviewed by 

experienced developer 

Interviews 50% 

26 Developers community Developer support Community Interviews 13% 

4 Minimize coding practices Design Technique Minimized coding Interviews 100% 

72 Training/learning facilities Citizen developer 

involvement 

Lessons Documents 100% 

55 Support for app development 

without any coding  

Development Codeless Documents 50% 

49 Visual Data modeling features Development Visual data modeling, 

component-based 

drag-and-drop 

Documents 94% 

50 Flow Diagraming features Development Visual process 

modeling, component-

based drag-and-drop 

Documents 100% 

53 WYSIWYG GUI/UX 

modeling features 

Development Visual GUI modeling, 

component-based 

drag-and-drop 

Documents 88% 

5 Component-based 

development 

Design Technique Component-based Interviews 88% LCDchar7. 

Easy and 

Standardized 

Integration features 

to integrate with 

systems, databases 

and applications in 

the organizational 

environment 

52 Third Party Application 

Access 

System integration Third party 

applications  

Documents 88% 

85 Webservices and API 

Integration features 

System integration Webservices and 

API's 

Documents 100% 

87 Custom connectors and API's 

development features 

System integration Customizable Documents 75% 

88 ERP integration System integration ERP Documents 50% 

89 IoT integration features System integration IoT services Documents 75% 

5 Component-based 

development 

Design Technique Component-based Interviews 88% LCDchar8. 

High level of 

reusability of 

components and 

applications 

6 Reusability of components Design Technique Reusability of 

components 

Interviews 50% 

57 Build custom components Customization Custom components Documents 88% 

86 Private component library Customization Component library Documents 75% 

52 Third Party Application 

Access 

System integration Third party 

applications  

Documents 88% 
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Appendix D.2: Adoption Success Factors Axial Coding 

 

Open Code Tag Property Source C Axial Code 

35 Clear vision of management Management Clear vision Interviews 38% 

LCDasf1. 

Management 

Support 

32 Financial support is crucial Management  Financial support Interviews 25% 

47 
Acknowledge the value of LCD Adoption of 

LCD 

Acknowledge 

value 

Interviews 25% 

34 Don't be scared for change Attitude Embrace change Interviews 25% 

43 
Manage resistance Change 

management 

Resistance Interviews 13% 

44 
Management should support/govern LCD 

adoption 

Management Support / 

Governance 

Interviews 25% 

43 
Manage resistance Change 

management 

Resistance Interviews 13% 

LCDasf2. 

Positive Employee 

Attitude 

48 
Employees should have positive attitude 

towards LCD 

Adoption of 

LCD 

Positive view 

towards it 

Interviews 38% 

34 Don't be scared for change Attitude Embrace change Interviews 25% 

47 
Acknowledge the value of LCD Adoption of 

LCD 

Acknowledge 

value 

Interviews 25% 

46 
Trust/respect citizen-developers Citizen-

development 

Should be 

trusted/respected 

Interviews 38% LCDasf3. 

Trust & Respect 

Unexperienced 

(Citizen-

)Developers in 

Multidisciplinary 

Teams 

23 
Use of multidisciplinary teams Team 

characteristics 

Multidisciplinary Interviews 100% 

3 

Involving citizen developers in development 

process 

Developer 

types 

No coding skills, 

unexperienced 

Interviews 100% 

40 
Culture of continuous improvement Culture Continuous 

improvement 

Interviews 63% 

LCDasf4. 

Continuous 

Improvement 

Culture 

2 
Great fit with Agile methodologies Development 

method 

Leveraging with 

agile 

Interviews 100% 

38 
Be adaptive to requirements Culture Adaptive to 

requirements 

Interviews 13% 

13 
Continuous improvement with use of end-user 

feedback 

Development 

method 

Continuous, End-

user feedback 

Interviews 50% 

16 
Continuously learn from mistakes Development 

Method 

Continuous 

Learning 

Interviews 25% 

14 
Continuous adaptability of applications Development 

method 

Continuously 

adapting 

Interviews 63% 

30 Start with small projects Project size Small start Interviews 25% 

LCDasf5. 

Change 

Management 

Capabilities 

31 Dare to use LCD for bigger applications Project size Size independent Interviews 25% 

33 

Locate Key Stakeholders (program 

manager/ambassador/thought 

leader/champion) 

Adoption 

stakeholders 

Involve leading / 

Knowledge 

holding functions 

Interviews 63% 

36 

IT Knowledge/experience at the business side Business 

department 

Has IT-

knowledge/ 

experience 

Interviews 25% 

35 Clear vision of management Management Clear vision Interviews 38% 

47 
Acknowledge the value of LCD Adoption of 

LCD 

Acknowledge 

value 

Interviews 25% 

29 
Project scope should be carefully maintained Project Maintained scope Interviews 13% 

42 
Projects focus on business goals Project Business goals 

oriented 

Interviews 13% 

43 
Manage resistance Change 

management 

Resistance Interviews 13% 

44 
Management should support/govern LCD 

adoption 

Management Support / 

Governance 

Interviews 25% 
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Appendix E: Platform Descriptions 

Mendix 

Mendix is one of the leading LCD platform vendors. The overall platform architecture is represented in 

Figure E.1 (Mendix.com). Mendix tries incorporate the whole SDLC of business applications. Planning 

phases are performed in the development portal; a requirement management and collaboration tool 

where both business and IT users can collaborate, share updates and requirements and view statuses of 

projects. Development of business applications in Mendix can be done in two environments. The 

Desktop Modeler is a detailed, elaborated modeler for more complex practices. The web modeler is a 

simplified development environment that aims at the citizen-developers for NCD practices. Both 

modelers can be used simultaneously for the same application for better business-IT alignment. 

Application development is hosted on the model server. The changes made to the applications are saved 

on the team server, which takes care of version control. Deployment of an application after it has been 

developed or updated is done through the build server, which will form a package of the necessary files. 

The package will then be deployed in a private or public cloud or on premises. The CI/CD pipeline 

features between the development and operational environment gives the opportunity for continuous 

integration and continuous delivery. The “one-click” deployment feature is part of this feature-set which 

tries to support a DevOps methodology. On the operational server, incoming packages are unpacked and 

deployed, where afterwards they perform updates. During operations, it is possible for end-users to give 

feedback on the system while using it. This feedback is sent to the development portal, where 

development teams can decide what to do with the feedback. 

 

Figure E.1: Platform Architecture of Mendix (Source: Mendix.com) 
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OutSystems 

OutSystems is another leading LCD platform vendor in the current LCD market. In Figure E.2, a visual 

representation of the architecture of the OutSystems platform is given. As can be seen on the figure, 

OutSystems makes use of two generic server types; the platform server and the application server. 

Development and management activities are executed through the controllers which are connected 

through the platform server and usage of the application is done through the application server. 

Development of applications is performed in the Service Studio on the platform server. Deployment of 

applications is performed in the platform server, where models are generated into code by the code 

generator and deployed to the application server. Operations of deployed applications are controlled 

through the service center console. Actions on version control and property configuration are performed 

here. The Life Time console focusses on DevOps processes, which involve multiple activities on the 

SDLC. Performance checking, CI/CD pipeline functionalities, permission management and 

management of deployment environments (on premises or on a public/private cloud) are performed 

through this console.  

 

Figure E.2: Platform architecture of OutSystems (Source: OutSystems.com) 
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Betty Blocks 

The Betty Blocks platform characterizes itself as an NCD platform and thereby focusses on simplified 

application development with more inclusion of citizen-developers. The Betty Blocks platform has a 

very simple architecture. All actions are performed in a web environment, so no need for installation of 

any type of software. Development and operational practices are performed on the application server, 

with no need for deployment activities. The development practices are performed in a browser with only 

model-based development languages. There is however the possibility to add custom components. 

GUI’s can be constructed with both the use of HTML and a custom WYSIWYG UI builder. Betty Blocks 

uses a DTAP street (Development, Testing, Acceptance and Production), where every stage can be 

represented in a sandbox on the application server. Pushing an application to the production sandbox 

can be compared to a simplified deployment activity. An application developed with Betty Blocks can 

be seen as a configuration of components which run on the Betty Blocks server. This implies that each 

component is only represented once on the Betty Blocks server, where every time it is used it initiates a 

connection to that specific component. An advantage of this setup is that there is no need to update your 

applications anymore, since the platform has to be updated only once on the application server 

(BettyBlocks.com).  

After putting in production of an application, performance of the applications can be monitored as well. 

In order to support planning activities on the platform, a sprint-management system is included in the 

platform (Obdam, 2018). Operations are performed on a public and possibly on a private cloud if the 

customer hosts at least six applications. On-premise deployments may also be possible after 

consultation, however this may be undesirable since due to the earlier discussed configuration setup the 

whole platform should be copied to the premises.  

Salesforce Lightning 

Salesforce.com is already a well-known cloud Customer 

Relationship Management (CRM) software platform. 

Their big presence in the current LCD market is due to 

their Salesforce Lightning platform, which is part of the 

Salesforce1 platform. The Salesforce1 platform 

supports besides the Lightning platform other, non-LCD 

related development features. The Lightning platform 

supports the visual drag-and-drop development of 

business applications. Salesforce is included in the 

specific-purpose platform category of this research, 

since it is only used in combination with 

Salesforce.com. This makes the applications developed 

with the Lightning platform for more CRM purposes. 

An overall overview of the Salesforce Lightning 

platform can be found in Figure E.3. 

 

  

Figure E.3: Salesforce Lightning architecture 

(Source: Salesforce.com) 
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ServiceNow Now Platform 

The ServiceNow Now Platform is a platform within the IT Service Management domain. This is a 

specific-purpose platform, where applications are built to provide service. It is included in both Forrester 

as Gartner reports, where it is labeled as a request-handling platform by Forrester (Richardson & Rymer, 

2016). The Now Platform supports both NCD, LCD and custom code features. See Figure E.4 for the 

visualized platform architecture with both “No/Low Code” and “Pro Code” components. Pro Code 

includes here the features to add customized code. The Now platform is one of the biggest, well-known 

specific-purpose platforms with a broad range of features. For this reason, this platform is included in 

the analysis in order to assess a broad range of development platforms. 

 

Figure E.4: ServiceNow Now Platform Architecture 

Kony 

The Kony App Platform is a development platform providing both NCD as LCD practices, following 

the Gartner Magic Quadrant for hpaPaaS as a reference (Vincent et al., 2018). An overview of the Kony 

architecture is visualized in Figure E.5. With Kony, it is possible to develop both web and mobile 

applications for generic-purposes. Visual development practices with Kony are done through the Kony 

Visualizer and back-end and middleware services are done through Kony Fabric. Development practices 

are aimed for both professional as citizen-developers, which imply LCD and NCD practices. Drag and 

drop features for the design of complete applications are supported but a JavaScript IDE development 

environment as well for custom code development (Kony.com). 

 

 

  

Figure E.5: Kony App Platform Architecture (Kony.com) 
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Simplicité Software 

Simplicité Software is an LCD platform vendor and one of  the smallest platform vendors included in 

this analysis. The platform provides general-purpose functionalities with a low-cost structure, with 

licenses for only 20 euro’s per user per month for public cloud purposes. The development environments 

are not as intuitive as its competitors, where for instance user interfaces development do not contain 

drag-and-drop features but require minimum amount of coding. Other functionalities like data- and 

workflow modeling are however completely based on visual drag-and-drop functionalities. An overview 

of the platform is visualized in Figure E.6.  

The Simplicité Software was acknowledged as LCD Platform by Forrester (Richardson & Rymer, 2016) 

and has a honorable mention by Gartner (Vincent et al., 2018). On top of this, it has a complete and 

elaborated vision on supporting application development, where detailed documentation of the platform 

is available. These were the reasons to include this platform in the analysis, despite its small market 

share.  

 

Figure E.6: Simplicité Software platform architecture 

Intuit QuickBase 

QuickBase, an NCD centered platform developed by the American company Intuit, is a platform aiming 

for specific database purposes. The platform is specifically developed for the use of citizen-developers 

by making use of hundreds of prebuilt templates. Gartner states that with its specific target group, 

database-application development with NCD, it is one of the best performing platforms in terms of 

revenue (Vincent et al., 2018). It aims for replacement of spreadsheets used by non-IT departments to 

eliminate shadow-IT and eliminate the use of outdated legacy systems. Just like Betty Blocks, 

development of applications is performed on the application server, where different sandboxes are used 

as development, testing, acceptance and operational environments.  
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Appendix F: LCD – SAFe DevOps Health Radar Mapping 

Appendix F.1: Connection Map LCD – DevOps Health Radar 
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Appendix F.2: LCD - DevOps Health Radar Connections 

Code Description of connection Open code Dimension 

Sub-

dimension 

LCD 

category 

CE1.1 

Ability to quickly visualize hypotheses  

into prototypes using visual modeling 

1 - Visual modeling Continuous 

exploration 

Hypothesize LCDchar1 

CE1.4 

Using rapid prototyping in the first 

phase of the project 

2 - Great fit with Agile 

15 - rapid prototyping  

Continuous 

exploration 

Hypothesize LCDchar4 

CE1.5 

Ability of IT department to hypothesize 

business ideas of business in close 

collaboration 

23 - Use of multidisciplinary 

teams 

24 - Closer collaboration 

between business and IT 

departments 

Continuous 

exploration 

Hypothesize LCDchar5 

CE1.6 

Ability of citizen-developer to 

hypothesize business ideas and build a 

fast prototype 

3 - Involving citizen developers 

in development process 

1 - Visual modeling 

Continuous 

exploration 

Hypothesize LCDchar6 

CE1.8 

Ability to hypothesize ideas into a 

prototype of generic reusable 

components 

5 - Component-based 

development 

6 - Reusability of components 

86 - Private component library 

Continuous 

exploration 

Hypothesize LCDchar8 

CE2.4 

Ability to iteratively use end-user 

feedback and business outcomes to 

improve continuously and define 

features 

14 - Continuous adaptability of 

applications 

71 - End-user feedback 

management 

Continuous 

exploration 

Collaborate 

& Research 

LCDchar4 

CE2.5 

Collaborate in multidisciplinary teams 

to transform outcomes into features 

23 - Use of multidisciplinary 

teams 

24 - Closer collaboration 

between business and IT 

departments 

Continuous 

exploration 

Collaborate 

& Research 

LCDchar5 

CE3.2 

Ability to integrate LCD applications on 

the cloud with existing organizational 

architecture. 

27 - Cloud as main environment 

with possibility for on-premise 

deployment 

Continuous 

exploration 

Architect LCDchar2 

CE3.7 

Ability to loosely couple LCD 

applications with each other and with 

other (outdated) systems and databases 

in architecture with use of API's and 

webservices. 

85 - Webservice and API 

Integration features 

87 - Custom connectors and 

API's development features 

Continuous 

exploration 

Architect LCDchar7 

CE3.8 

Reusable components give the 

opportunity to make the internal 

architecture loosely coupled. Be capable 

to manage these components 

5 - Component-based 

development 

6 - Reusability of components 

Continuous 

exploration 

Architect LCDchar8 

CE4.1 

Ability to synthesize requirement 

analysis outcomes into well-structured 

application features in the form of 

models 

1 - Visual modeling 

49 - Visual Data modeling 

features 

50 - Flow Diagraming features 

53 - WYSIWYG GUI/UX 

modeling features 

Continuous 

exploration 

Synthesize LCDchar1 

CE 4.8 

Ability to synthesize requirement 

analysis outcomes into well-structured 

features for component-level 

requirements 

5 - Component-based 

development 

6 - Reusability of components 

57 - Build custom components 

Continuous 

exploration 

Synthesize LCDchar8 
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Code Description of connection Open code Dimension 

Sub-

dimension 

LCD 

category 

CI1.3 

Configure and deploy (automated) unit 

tests using Test-Driven Development 

and maintain versions in a version 

control system  

9 - Automated testing 

75 - Version management tools 

81 - Automated Unit Testing 

Continuous 

integration 

Develop LCDchar3 

CI1.4 

Ability to split features/model 

requirements into a well-defined team 

backlog 

66 - Project management tooling 

67 - User story management 

69 - Sprint management 

Continuous 

integration 

Develop LCDchar4 

CI1.6 

Use peer reviews on work of 

unexperienced developers 

3 - Involving citizen developers 

in development process 

19 - Experienced developer 

reviews work by citizen-

developer 

Continuous 

integration 

Develop LCDchar6 

CI2.1 

Ability to produce deployable models 

with a minimum amount of code 

1 - Visual modeling 

4 - Minimize coding practices 

56 - Application extension with 

custom code features 

Continuous 

integration 

Build LCDchar1 

CI2.3 

Automated component-level validation. 

Compiling/Model execution and version 

management is automated. 

8 - Direct Deployment 

9 - Automated testing 

54 - Model execution or code 

generation 

75 - Version management tools 

Continuous 

integration 

Build LCDchar3 

CI2.8 

Ability to produce deployable, reusable 

components 

57 - Build custom components Continuous 

integration 

Build LCDchar8 

CI3.3  

Automated testing tools simplify testing 

practices 

9 - Automated testing Continuous 

integration 

Test End-To-

End 

LCDchar3 

CI4.3  

Staging is automated in LCD platforms 

with a minimum amount of needed 

actions 

8 - Direct Deployment 

75 - Version management tools 

Continuous 

integration 

Stage LCDchar3 

CD1.3  

Deploying features is simplified due to 

automation 

8 - Direct Deployment Continuous 

deployment 

Deploy LCDchar3 

CD2.3  

LCD provides automated monitoring 

systems 

11 - Automated performance 

measurement 

77 - Application Performance 

Monitoring Features 

78 - Component Performance 

Monitoring 

Continuous 

deployment 

Verify LCDchar3 

CD2.4:  

Continuous improvement features give 

the possibility to improve deployments 

instantly 

13 - Continuous improvement 

with use of end-user feedback 

14 - Continuous adaptability of 

applications 

Continuous 

deployment 

Verify LCDchar4 

CD3.3  

Monitoring features in LCD platforms 

are fully automated in  monitoring 

systems 

11 - Automated performance 

measurement 

77 - Application Performance 

Monitoring Features 

78 - Component Performance 

Monitoring 

Continuous 

deployment 

Monitor LCDchar3 
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Code Description of connection Open code Dimension 

Sub-

dimension 

LCD 

category 

CD4.2 

Ability to detect cloud related 

production incidents. However, the 

cloud PaaS construction moves 

responsibility to cloud providers of 

production environment issues. 

27 - Cloud as main environment 

with possibility for on-premise 

deployment 

60 - PaaS infrastructure 

Continuous 

deployment 

Respond LCDchar2 

CD4.3 

Ability to detect and recover unforeseen 

production incidents from output of 

monitoring systems 

11 - Automated performance 

measurement 

77 - Application Performance 

Monitoring Features 

78 - Component Performance 

Monitoring 

Continuous 

deployment 

Respond LCDchar3 

CD4.4 

Ability to proactively resolve 

encountered issues in a fast iteration 

2 - Great fit with agile 

methodologies 

14 - Continuous adaptability of 

applications 

Continuous 

deployment 

Respond LCDchar4 

CD4.5 

Close multidisciplinary collaboration to 

respond to production incidents, where 

business experts decide on the 

importance of an incident. 

23 - Use of multidisciplinary 

teams 

24 - Closer collaboration 

between business and IT 

departments 

Continuous 

deployment 

Respond LCDchar5 

RD1.3  

Releasing (moving from acceptance to 

production) is automated. Selective 

deployment features differ per platform 

8 - Direct Deployment 

75 - Version management tools 

Release on 

Demand 

Release LCDchar3 

RD2.2 

With cloud deployment, stability, 

reliability, availability, supportability 

and security are responsibility of the 

cloud provider 

27 - Cloud as main environment 

with possibility for on-premise 

deployment 

60 - PaaS infrastructure 

Release on 

Demand 

Stabilize LCDchar2 

RD2.7 

Ability to keep integrations reliable, 

available, supportable and secure. 

85 - Webservices and API 

Integration features 

87 - Custom connectors and 

API's development features 

Release on 

Demand 

Stabilize LCDchar7 

RD3.3 

Monitoring systems automate data 

gathering. The ability to translate this 

information into value of features 

should be present. 

11 - Automated performance 

measurement 

77 - Application Performance 

Monitoring Features 

78 - Component Performance 

Monitoring 

Release on 

Demand 

Measure LCDchar7 

RD3.4 

End-user feedback functionalities are 

included in LCD platforms. Capability 

needed to aggregate the feedback for 

objective information on feature value. 

71 - End-user feedback 

management 

Release on 

Demand 

Measure LCDchar4 

RD4.4 

Ability to learn continuously by 

(in)validating original hypotheses based 

on end-user feedback and outcomes. 

71 - End-user feedback 

management 

Release on 

Demand 

Learn LCDchar4 

RD4.5 

Ability to communicate objective 

information with business in close 

business-IT collaboration in order to  

(in)validate original hypotheses and 

make decisions on software 

functionalities 

23 - Use of multidisciplinary 

teams 

24 - Closer collaboration 

between business and IT 

departments 

Release on 

Demand 

Learn LCDchar5 
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Appendix G: LCDevOps RSA 

Appendix G.1 LCD-enabled DevOps Capabilities: Extended DevOps Health Radar 

 

 

 

 

 

LCDevOps RSA, based on SAFe® DevOps Health Radar (© Scaled Agile, Inc.) 

  Dimension Sub-

dimension 

Relation  Capability  Score descriptions 

1 Continuous 

Exploration 

Hypothesize CE1.1 

CE1.4 

CE1.5 

CE1.6 

CE1.8 

Hypothesizing with DevOps based 

Low-Code Development entails 

expressing a business idea (epic) in 

terms of the business value it is 

expected to deliver using continuous 

communication between business and 

IT departments.  This hypothesis is then 

implemented as a Minimum Viable 

Product (MVP) through the Continuous 

Delivery Pipeline and evaluated for 

accuracy when released. With LCD, a 

small prototype is developed rapidly 

using visual modeling using 

standardized components. 

Unexperienced/citizen developers may 

be involved in this practice. 

 

Please rate your team's ability to 

translate business ideas into clear and 

measurable hypothesis statements. 

1: Ideas are vague or not defined. 

2: Ideas are defined (e.g., as epics) but do not 

include hypothesis statements. 

3: Some ideas are expressed as hypothesis 

statements with measurable outcomes. Sometimes, 

a small prototype is built. 

4: Most ideas are expressed as hypothesis 

statements with measurable outcomes and include 

an MVP. This is achieved with use of 

collaboration between departments. At all cases, a 

small prototype is developed rapidly. 

5: All ideas are expressed as hypothesis statements 

with measurable outcomes and include an MVP. 

This is achieved with use of collaboration between 

departments. At all cases, a small prototype is 

developed rapidly. 

2 Continuous 

Exploration 

Collaborate 

& Research 

CE2.4 

CE2.5 

Collaborate and Research in DevOps 

based Low-Code Development involves 

Product Managers in multidisciplinary 

teams working  directly and iteratively 

with end-users, stakeholders and 

subject matter experts to understand 

customers' needs and identify specific 

business outcomes and associated 

metrics to guide solution delivery.  

 

Please rate your team's ability to 

collaborate continuously with 

customer-side, business side (which is 

not the customer) and IT-side experts 

within multidisciplinary and 

multidepartment teams to define 

Minimum Marketable Features (MMF) 

in support of the hypothesis.  

1: Product Management roles and responsibilities 

in multidisciplinary teams are not be defined or 

followed. 

2: Product Management creates requirements in 

large batches with little customer, development or 

other multidisciplinary collaboration. 

3: Product Management collaborates with 

business-side or development-side experts, but not 

both, when defining requirements. 

4: Product Management regularly collaborates 

with business-side, development-side, and 

operation-side experts within multidisciplinary 

teams. Minimum Marketable Features are not 

defined. 

5: Product Management always collaborates with 

business-side, development-side, and operation-

side experts within multidisciplinary teams that 

define Minimum Marketable Features. 

Legend

Additions to the original 

artifact

Simplified, automated 

practices
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LCDevOps RSA, based on SAFe® DevOps Health Radar (© Scaled Agile, Inc.) 

  Dimension Sub-

dimension 

Relation  Capability  Score descriptions 

3 Continuous 

Exploration 

Architect CE3.2 

CE3.7 

CE3.8 

Architecting for continuous delivery 

involves applying "just enough" 

intentional architecture to assure policy 

compliance without sacrificing product 

development flow, to ensure solutions 

are loosely coupled and to continuously 

pay down technical debt.  

 

At Low-Code Development, all 

external systems can be loosely coupled 

using mechanisms like REST API's and 

connectors. The external environment 

should have appropriate integration 

options in order to communicate and 

maximize reuse. With use of reusable 

components, Low-Code Development 

tries to support a loosely coupled 

internal architecture. The capability 

should be present to create a loosely 

coupled architecture with use of 

(custom) integrations and reusable 

components, where LCD applications 

often run on a cloud environment. 

Please rate your team's effectiveness at 

architecting for continuous delivery 

using Low-Code Development. 

1: Architecture is monolithic and fragile; it is 

difficult to change, there are no API or webservice 

integrations possible and it involves managing 

complex dependencies across many components 

and systems.  

2: Architecture is predominantly monolithic but 

some applications/systems can be loosely coupled 

after developing custom integrations. 

3: Architecture is most decoupled and it doesn't 

allow Release on Demand*. API's/webservices are 

available for most needed services. 

4: Architecture is aligned around value delivery, 

with few dependencies across components and 

systems.  

5: Architecture is built for Release on Demand 

and operability with API/webservice integrations 

for all needed services. 

 

*Release on Demand includes Release, Stabilize, 

Measure & Learn 

4 Continuous 

Exploration 

Synthesize CE4.1 

CE4.8 

Synthesizing involves combining the 

outputs of Hypothesize, Collaborate & 

Research and Architect to produce 

well-formed, prioritized features. These 

features then become the primary 

vehicle of value delivery through the 

remainder of the Continuous Delivery 

Pipeline. Synthesizing Low-Code 

Development projects also involves 

dividing these well-structured features 

over the individual models and the 

possible need for custom components.  

 

Please rate your team's ability to 

synthesize results into a well-crafted, 

prioritized, actionable feature backlog.  

1: The program backlog does not exist or is not 

shared.  

2: The program backlog exists but the features are 

incomplete and prioritization is an afterthought. 

We are not capable to base these features on 

models and components. 

3: The program backlog contains fully defined 

features but are not based on models and 

components and are prioritized using WSJF*. 

4: Features in the program backlog are complete, 

prioritized using WSJF and calibrated to the 

delivery capacity of the ART** and based on 

needed models and components.  

5: The program backlog is a collection of 

Minimum Marketable Features created using 

Behavior Driven Development (BDD) and 

prioritized using WSJF.  We are capable to base 

these features on needed models and components.  

 

*WSJF = Weighted Shortest Job First (prioritizing 

method used by SAFe®) 

**ART = Agile Release Train (organization of a 

composition of agile teams) 
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LCDevOps RSA, based on SAFe® DevOps Health Radar (© Scaled Agile, Inc.) 

  Dimension Sub-

dimension 

Relation  Capability  Score descriptions 

5 Continuous 

Integration 

Develop CI1.3 

CI1.4 

CI1.6 

Developing in the Continuous Delivery 

Pipeline with Low-Code Development 

involves splitting features into stories, 

implementing stories in vertical slices 

using Test-Driven Development (TDD) 

with (automated) unit-tests for 

validating models and components, 

using peer reviews (especially on work 

of unexperienced developers), and 

committing changes to version control 

as they are made. Please rate your 

team's ability to quickly and reliably 

define and implement stories. 

1: The team backlog does not exist or is not used 

to manage daily work. 

2: Stories are either incomplete or too verbose; 

unit tests are generally not written; peer reviews 

are not conducted. 

3: Stories are complete; most changes have unit 

tests; peer reviews are usually conducted 

(especially on work of unexperienced developers). 

4: Code and models are checked in daily; unit test 

coverage is 80%+; peer reviews are always 

conducted. 

5:  Code and models are checked in multiple times 

per day; tests are written before code (TDD); pair 

work and other Built-in quality practices are the 

norm. 

6 Continuous 

Integration 

Build CI2.1 

CI2.3 

CI2.8 

Build is triggered at the moment of 

check-in and involves compiling, unit 

testing (and other forms of component-

level validation), successfully merging 

to trunk/main in a version 

management system, committing to the 

repository and producing deployable 

artifacts  (models and components). 

 

Low-Code Development platforms 

automate builds and give the 

opportunity to use automated unit tests, 

version control systems and other 

component-level validation. 

 

Please rate your team's effectiveness at 

building and integrating continuously.  

1: Builds are run fewer than once per iteration 

and/or are completely manual. 

2: Builds are run once per iteration and are 

partially automated; dev branches are open for a 

month or more; builds break often. 

3: Automated builds run once a day; broken 

builds are corrected in 2-4 hours; manual unit 

tests are run against each build; dev branches are 

open for 2-4 weeks. 

4:  Builds run automatically upon code commit; 

broken builds are corrected within 1 hour; 

automated unit tests are run against each build; 

dev branches are merged to trunk every iteration.  

5: Builds run on every commit; builds include 

static code analysis and security testing; gated 

commits prevent defects from entering the version 

control; dev branches are merged to trunk on 

every commit 

7 Continuous 

Integration 

Test End-

To-End 

CI3.3 Testing involves validating feature-

level functionality in production-like 

environments. This typically includes 

functional testing, integration testing, 

regression testing, performance testing 

and exploratory testing. Low-Code 

Development platforms provide tools 

for automated testing. 

 

Please rate your team's effectiveness at 

testing continuously, end-to-end in 

production-like environments. 

1: Testing is performed manually in 

environments that do not mimic production; 

testing occurs in large batches during a scheduled 

"testing" phase. 

2: Testing is mostly manual in non-production-

like environments; stories are implemented and 

tested independently within a single Program 

Increment (PI)*. 

3: Half the testing is automated and performed in 

production-like, or production-simulated, 

environments every PI 

4: The majority of tests are automated and run in 

production-like environments; stories are 

implemented and fully tested every iteration 

5: Successful builds trigger automatic deployment 

to production-like test environments; all tests 

are automated; tests run in parallel and changes 

are fully validated after every commit 

 

*PI = time box which an ART delivers 

incremental value, typically 4 iterations 
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LCDevOps RSA, based on SAFe® DevOps Health Radar (© Scaled Agile, Inc.) 

  Dimension Sub-

dimension 

Relation  Capability  Score descriptions 

8 Continuous 

Integration 

Stage CI4.3 Staging involves deploying features to 

a full copy of the production 

environment, from where they can be 

demonstrated to stakeholders, user 

acceptance tested and hosted for 

training purposes prior to production 

launch. Low-Code Development 

platforms provide staging 

environments, where staging is 

simplified and automated.  

 

Please rate your team's ability to stage 

features in full production-like (non-

test) environments for final validation 

prior to production deployment. 

1: No staging environment exists or we use a test 

environment for staging. 

2: Features are deployed manually to a staging 

environment once every PI. 

3: Features are deployed to a staging 

environment once per month and demonstrated to 

Product Management. 

4: Features and infrastructure are auto-deployed 

to a staging environment every iteration and 

accepted by Product Management. 

5: Stories, changes and infrastructure are auto-

deployed to a staging environment, validated, and 

immediately proceed to deployment. 

9 Continuous 

Deployment 

Deploy CD1.3 Deployment is the actual migration of 

features into the production 

environment. Because the Continuous 

Delivery Pipeline separates deployment 

from release, deployed features are not 

assumed to be live to end users. Low-

Code Development platforms support 

automatic, direct deployment features 

in version management systems. Please 

rate your team's ability to continuously 

deploy features to production as well as 

the ability to control their visibility 

using feature toggles and/or other 

means. 

1: Features are deployed to production every 3+ 

months; deployments are manual and painful; 

"deployed" implies "released". 

2: Features are deployed to production at PI 

boundaries; deployments are mostly manual; 

"deployed" implies "released". 

3: Features are deployed to production every 

iteration; deployments are mostly automated; 

some features can be deployed without being 

released. 

4: Features are deployed to production every 

iteration and fully automated through the 

pipeline; dark releases are common. 

5: Features are deployed continuously throughout 

each iteration; Dev teams initiate deployments 

directly via pipeline tools; release is completely 

decoupled from deployment; dark releases are the 

norm. 

10 Continuous 

Deployment 

Verify CD2.3 

CD2.4 

Deployments must be verified for 

completeness and integrity before 

releasing to end users. Please rate your 

team's ability to accurately determine 

deployment success or failure and 

ability to roll back or fix forward as 

appropriate to correct deployment 

issues. With Low-Code Development, 

applications are monitored 

automatically, acceptance tests can be 

performed automatically and 

applications can be adapted 

continuously.  

1: Deployments are not verified in production 

before being released to end users. 

2: Deployments are verified with manual smoke 

tests and/or user acceptance tests (UAT); we 

address deployment issues within a stated 

grace/triage/warranty period; we often correct 

issues directly in production. 

3: Deployments are verified with manual tests 

prior to releasing to end users; rolling back is 

painful or impossible; we do not make changes 

directly in production. 

4: Deployments are verified using automated 

smoke tests, synthetic transactions and 

penetration tests prior to release; we can easily 

roll back or fix forward to recover from failed 

deployments. 

5: Automated production tests run on an ongoing 

basis and feed monitoring systems; failed 

deployments can be rolled back instantly or fixed 

forward through the entire pipeline. 
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  Dimension Sub-

dimension 

Relation  Capability  Score descriptions 

11 Continuous 

Deployment 

Monitor CD3.3 Monitoring implies that full-stack 

telemetry is active for all features 

deployed through the Continuous 

Delivery Pipeline so that system 

performance, end-user behavior, 

incidents and business value can be 

determined quickly and accurately in 

production. Please rate your team's 

effectiveness at monitoring the full 

solution stack (front end, middle tier, 

back end, infrastructure, etc.) and 

ability to analyze feature value based on 

these events. Low-Code Development 

platforms provide extensive automated 

monitoring tools on component and 

application level. 

1: No feature level production monitoring exists; 

only infrastructure monitoring is in place. 

2: Features only log faults and exceptions; 

analyzing events involves manually correlating 

logs from multiple systems. 

3: Features log faults, user activity and other 

events; data is analyzed manually to investigate 

incidents and measure business value of 

features. 

4: Full-stack monitoring is in place; events can 

be correlated throughout the architecture; data 

is presented through system-specific dashboards. 

5: Federated monitoring platform provides one-

stop access to full-stack insights; data is used to 

gauge system performance and business value. 

12 Continuous 

Deployment 

Respond CD4.2 

CD4.3 

CD4.4 

CD4.5 

The ability to detect and recover from 

unforeseen production incidents is 

critical to the Continuous Delivery 

Pipeline. Please rate your team's 

effectiveness at proactively detecting 

high severity production issues, 

identifying root causes using 

monitoring systems and quickly 

resolving issues by building, testing and 

deploying fixes through the pipeline 

(versus applying changes directly in 

production). At Low-Code 

Development, this will be limited to 

production incidents which are not the 

responsibility of the platform vendor 

and will likely be fixed in a 

multidisciplinary team, where 

development, operations and business 

experts work closely together to resolve 

issues in a fast iteration.  

1: Customers/End-users find issues before we do; 

resolving high priority issues is time consuming 

and reactive; customers have low confidence in 

our ability to recover from production issues. 

2: Operations owns production issues; 

development involvement requires significant 

escalation; teams blame each other in times of 

crisis. 

3: Development and Operations collectively own 

the incident resolution process with use of end-

user feedback and monitoring systems; recovering 

from major incidents is reactive but a team effort. 

4: Our monitoring systems detect most issues 

before our customers do; Dev and Ops work 

proactively in multidisciplinary teams to recover 

from major incidents. 

5: Our monitoring systems alert us to dangerous 

conditions based on carefully-designed tolerance 

thresholds; Developers are capable to support their 

own code/models and proactively issue fixes 

through the pipeline before users are affected. 

13 Release on 

Demand 

Release RD1.3 Releasing involves making deployed 

features available to end users. Please 

rate your team's ability to release 

features to users on demand using 

feature toggles, blue/green 

environments, canary releases, etc. At 

Low-Code Development, versions can 

be managed and deployed through 

version management systems. 

1: Releases are tightly coupled to deployments and 

customers are extremely dissatisfied with the 

frequency of releases. 

2: Releases are tightly coupled to deployments but 

customers are somewhat dissatisfied with the 

frequency of releases. 

3: Release and deployment are coupled but both 

occur continuously or on demand. 

4: Release is decoupled from deployment; 

deployed features are released to the end user 

population based on business readiness. 

5: Deployed features can be released to individual 

segments of the user population; feature toggles 

are refactored when no longer used. 
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  Dimension Sub-

dimension 

Relation  Capability  Score descriptions 

14 Release on 

Demand 

Stabilize RD2.2 

RD2.7 

The Continuous Delivery Pipeline 

requires the production environment to 

be continually stable, reliable, 

available, supportable and secure. With 

cloud as operational environment, this 

is the responsibility of the vendor. 

However at on-premises deployment, 

stabilization capabilities should be 

present. In all cases, integrations with 

(legacy) systems should be stable. 

Please rate your team's effectiveness at 

maintaining stable solutions that avoid 

unplanned down time and security 

breaches. 

1: We experience frequent unplanned outages 

and/or security breaches with long recovery times 

with our legacy systems and on-premise 

deployments. 

2: We experience occasional unplanned outages 

but recover within our service level agreements. 

3: We have very few unplanned outages; 

availability, security, and disaster recovery 

measures are effective at production environments 

of our responsibility 

4: We have no unplanned outages; We plan and 

rehearse failure and recovery for production 

environments of our responsibility. 

5: We maximize resiliency by deliberately 

injecting faults into the production environment of 

our responsibility and rehearsing recovery 

procedures. 

15 Release on 

Demand 

Measure RD3.3 

RD3.4 

Measurement involves collecting 

factual information about the value of a 

deployed feature and evaluating it 

against the original hypothesis 

statement. Low-Code Development 

platforms provide performance 

monitoring tools and end-user feedback 

collection features, however the 

capability should be present to 

aggregate the objective information 

about the value realized. Please rate 

your team's ability to aggregate 

information about the actual value 

realized by deployed features so that it 

can inform strategic financial decisions. 

1:  We don’t define or measure the value of 

features. 

2: We’ve defined what ‘value’ is but don’t know 

how to measure it with the monitoring and end-

user feedback tools. 

3: We capture qualitative feedback from the 

business about the value of our features by using 

the end-user feedback functionality about the 

value of our features.  

4: We capture qualitative and quantitative 

feedback from the business and our monitoring 

systems about the value of our features. 

5: We aggregate the quantitative and qualitative 

feedback to objectively validate the original 

hypothesis and inform pivot-or-persevere 

decisions. 

16 Release on 

Demand 

Learn RD4.4 

RD4.5 

Learning entails making a judgment 

call to validate or invalidate the original 

hypothesis based on objective measures 

of business value, system performance 

and end-user feedback. Please rate your 

team's ability to continuously make 

strategic, "pivot-or-persevere" decisions 

with close business-IT collaboration 

based on empirical performance data 

and commitment to actively applying 

those insights to continuously improve 

the pipeline. 

1: Features are never evaluated post-release. 

2: Features are sometimes evaluated using 

subjective information and/or unilateral opinions. 

3: Hypotheses are evaluated using objective 

measures but actions are heavily influenced by 

corporate politics. 

4: We are capable to objectively evaluate 

hypotheses, where after pivot or persevere 

decisions are made without mercy or guilt. 

5: Continuous learning and experimentation are 

ingrained in the DNA of the organization. 
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Appendix G.2 LCD-Specific Capabilities Axial Coding 
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Appendix G.3 The LCDevOps RSA 

LCDevOps RSA, based on SAFe® DevOps Health Radar (© Scaled Agile, Inc.) 

  Title Capability Dimension Score descriptions 

Adjusted SAFe DevOps Health Radar Dimensions 

Bold and Italic text = Simplified or automated functionality with LCD 

Continuous Exploration 

1 

Hypothesize Hypothesizing with DevOps based Low-Code Development entails 

expressing a business idea (epic) in terms of the business value it is 

expected to deliver using continuous communication between 

business and IT departments.  This hypothesis is then implemented 

as a Minimum Viable Product (MVP) through the Continuous 

Delivery Pipeline and evaluated for accuracy when released. With 

LCD, a small prototype is developed rapidly using visual modeling 

using standardized components. Unexperienced/citizen developers 

may be involved in this practice. 

 

Please rate your team's ability to translate business ideas into clear 

and measurable hypothesis statements. 

1: Ideas are vague or not defined. 

2: Ideas are defined (e.g., as epics) but do not include 

hypothesis statements. 

3: Some ideas are expressed as hypothesis statements with 

measurable outcomes. Sometimes, a small prototype is built. 

4: Most ideas are expressed as hypothesis statements with 

measurable outcomes and include an MVP. This is achieved 

with use of collaboration between departments. At all cases, 

a small prototype is developed rapidly. 

5: All ideas are expressed as hypothesis statements with 

measurable outcomes and include an MVP. This is achieved 

with use of collaboration between departments. At all cases, 

a small prototype is developed rapidly. 

2 

Collaborate 

& Research 

Collaborate and Research in DevOps based Low-Code 

Development involves Product Managers in multidisciplinary 

teams working  directly and iteratively with end-users, 

stakeholders and subject matter experts to understand customers' 

needs and identify specific business outcomes and associated 

metrics to guide solution delivery.  

 

Please rate your team's ability to collaborate continuously with 

customer-side, business side (which is not the customer) and IT-

side experts within multidisciplinary and multidepartmental teams 

to define Minimum Marketable Features (MMF) in support of the 

hypothesis.  

1: Product Management roles and responsibilities in 

multidisciplinary teams are not be defined or followed. 

2: Product Management creates requirements in large 

batches with little customer, development or other 

multidisciplinary collaboration. 

3: Product Management collaborates with business-side or 

development-side experts, but not both, when defining 

requirements. 

4: Product Management regularly collaborates with 

business-side, development-side, and operation-side experts 

within multidisciplinary teams. Minimum Marketable 

Features are not defined. 

5: Product Management always collaborates with business-

side, development-side, and operation-side experts within 

multidisciplinary teams that define Minimum Marketable 

Features. 

3 

Architect Architecting for continuous delivery involves applying "just 

enough" intentional architecture to assure policy compliance 

without sacrificing product development flow, to ensure solutions 

are loosely coupled and to continuously pay down technical debt.  

 

At Low-Code Development, all external systems can be loosely 

coupled using mechanisms like REST API's and connectors. The 

external environment should have appropriate integration options 

in order to communicate and maximize reuse. With use of reusable 

components, Low-Code Development tries to support a loosely 

coupled internal architecture. The capability should be present to 

create a loosely coupled architecture with use of (custom) 

integrations and reusable components, where LCD applications 

often run on a cloud environment. Please rate your team's 

effectiveness at architecting for continuous delivery using Low-

Code Development. 

1: Architecture is monolithic and fragile; it is difficult to 

change, there are no API or webservice integrations possible 

and it involves managing complex dependencies across 

many components and systems.  

2: Architecture is predominantly monolithic but some 

applications/systems can be loosely coupled after 

developing custom integrations. 

3: Architecture is most decoupled and it doesn't allow 

Release on Demand*. API's/webservices are available for 

most needed services. 

4: Architecture is aligned around value delivery, with few 

dependencies across components and systems.  

5: Architecture is built for Release on Demand and 

operability with API/webservice integrations for all needed 

services. 

 

*Release on Demand includes Release, Stabilize, Measure 

& Learn 
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LCDevOps RSA, based on SAFe® DevOps Health Radar (© Scaled Agile, Inc.) 

  Title Capability Dimension Score descriptions 

4 

Synthesize Synthesizing involves combining the outputs of Hypothesize, 

Collaborate & Research and Architect to produce well-formed, 

prioritized features. These features then become the primary 

vehicle of value delivery through the remainder of the Continuous 

Delivery Pipeline. Synthesizing Low-Code Development projects 

also involves dividing these well-structured features over the 

individual models and the possible need for custom components.  

 

Please rate your team's ability to synthesize results into a well-

crafted, prioritized, actionable feature backlog.  

1: The program backlog does not exist or is not shared.  

2: The program backlog exists but the features are 

incomplete and prioritization is an afterthought. We are not 

capable to base these features on models and components. 

3: The program backlog contains fully defined features but 

are not based on models and components and are prioritized 

using WSJF*. 

4: Features in the program backlog are complete, prioritized 

using WSJF and calibrated to the delivery capacity of the 

ART** and based on needed models and components.  

5: The program backlog is a collection of Minimum 

Marketable Features created using Behavior Driven 

Development (BDD) and prioritized using WSJF.  We are 

capable to base these features on needed models and 

components.  

 

*WSJF = Weighted Shortest Job First (prioritizing method 

used by SAFe®) 

**ART = Agile Release Train (organization of a 

composition of agile teams) 

Continuous Integration 

1 

Develop Developing in the Continuous Delivery Pipeline with Low-Code 

Development involves splitting features into stories, implementing 

stories in vertical slices using Test-Driven Development (TDD) 

with (automated) unit-tests for validating models and components, 

using peer reviews (especially on work of unexperienced 

developers), and committing changes to version control as they are 

made. Please rate your team's ability to quickly and reliably define 

and implement stories. 

1: The team backlog does not exist or is not used to manage 

daily work. 

2: Stories are either incomplete or too verbose; unit tests are 

generally not written; peer reviews are not conducted. 

3: Stories are complete; most changes have unit tests; peer 

reviews are usually conducted (especially on work of 

unexperienced developers). 

4: Code and models are checked in daily; unit test coverage 

is 80%+; peer reviews are always conducted. 

5:  Code and models are checked in multiple times per day; 

tests are written before code (TDD); pair work and other 

Built-in quality practices are the norm. 

2 

Build Build is triggered at the moment of check-in and involves 

compiling, unit testing (and other forms of component-level 

validation), successfully merging to trunk/main in a version 

management system, committing to the repository and producing 

deployable artifacts  (models and components). 

 

Low-Code Development platforms automate builds and give the 

opportunity to use automated unit tests, version control systems 

and other component-level validation. 

 

Please rate your team's effectiveness at building and integrating 

continuously.  

1: Builds are run fewer than once per iteration and/or are 

completely manual. 

2: Builds are run once per iteration and are partially 

automated; dev branches are open for a month or more; 

builds break often. 

3: Automated builds run once a day; broken builds are 

corrected in 2-4 hours; manual unit tests are run against 

each build; dev branches are open for 2-4 weeks. 

4:  Builds run automatically upon code commit; broken 

builds are corrected within 1 hour; automated unit tests are 

run against each build; dev branches are merged to trunk 

every iteration.  

5: Builds run on every commit; builds include static code 

analysis and security testing; gated commits prevent defects 

from entering the version control; dev branches are merged 

to trunk on every commit 
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LCDevOps RSA, based on SAFe® DevOps Health Radar (© Scaled Agile, Inc.) 

  Title Capability Dimension Score descriptions 

3 

Test End-

To-End 

Testing involves validating feature-level functionality in 

production-like environments. This typically includes functional 

testing, integration testing, regression testing, performance testing 

and exploratory testing. Low-Code Development platforms provide 

tools for automated testing. 

 

Please rate your team's effectiveness at testing continuously, end-

to-end in production-like environments. 

1: Testing is performed manually in environments that do 

not mimic production; testing occurs in large batches during 

a scheduled "testing" phase. 

2: Testing is mostly manual in non-production-like 

environments; stories are implemented and tested 

independently within a single Program Increment (PI)*. 

3: Half the testing is automated and performed in 

production-like, or production-simulated, environments 

every PI 

4: The majority of tests are automated and run in 

production-like environments; stories are implemented and 

fully tested every iteration 

5: Successful builds trigger automatic deployment to 

production-like test environments; all tests are 

automated; tests run in parallel and changes are fully 

validated after every commit 

 

*PI = time box which an ART delivers incremental value, 

typically 4 iterations 

4 

Stage Staging involves deploying features to a full copy of the 

production environment, from where they can be demonstrated to 

stakeholders, user acceptance tested and hosted for training 

purposes prior to production launch. Low-Code Development 

platforms provide staging environments, where staging is 

simplified and automated.  

 

Please rate your team's ability to stage features in full production-

like (non-test) environments for final validation prior to production 

deployment. 

1: No staging environment exists or we use a test 

environment for staging. 

2: Features are deployed manually to a staging 

environment once every PI. 

3: Features are deployed to a staging environment once per 

month and demonstrated to Product Management. 

4: Features and infrastructure are auto-deployed to a 

staging environment every iteration and accepted by 

Product Management. 

5: Stories, changes and infrastructure are auto-deployed to 

a staging environment, validated, and immediately proceed 

to deployment. 

Continuous Deployment 

 

1 

Deploy Deployment is the actual migration of features into the production 

environment. Because the Continuous Delivery Pipeline separates 

deployment from release, deployed features are not assumed to be 

live to end users. Low-Code Development platforms support 

automatic, direct deployment features in version management 

systems. Please rate your team's ability to continuously deploy 

features to production as well as the ability to control their 

visibility using feature toggles and/or other means. 

1: Features are deployed to production every 3+ months; 

deployments are manual and painful; "deployed" implies 

"released". 

2: Features are deployed to production at PI boundaries; 

deployments are mostly manual; "deployed" implies 

"released". 

3: Features are deployed to production every iteration; 

deployments are mostly automated; some features can be 

deployed without being released. 

4: Features are deployed to production every iteration and 

fully automated through the pipeline; dark releases are 

common. 

5: Features are deployed continuously throughout each 

iteration; Dev teams initiate deployments directly via 

pipeline tools; release is completely decoupled from 

deployment; dark releases are the norm. 
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  Title Capability Dimension Score descriptions 

2 

Verify Deployments must be verified for completeness and integrity 

before releasing to end users. Please rate your team's ability to 

accurately determine deployment success or failure and ability to 

roll back or fix forward as appropriate to correct deployment 

issues. With Low-Code Development, applications are monitored 

automatically, acceptance tests can be performed automatically and 

applications can be adapted continuously.  

1: Deployments are not verified in production before being 

released to end users. 

2: Deployments are verified with manual smoke tests and/or 

user acceptance tests (UAT); we address deployment issues 

within a stated grace/triage/warranty period; we often 

correct issues directly in production. 

3: Deployments are verified with manual tests prior to 

releasing to end users; rolling back is painful or 

impossible; we do not make changes directly in production. 

4: Deployments are verified using automated smoke tests, 

synthetic transactions and penetration tests prior to 

release; we can easily roll back or fix forward to recover 

from failed deployments. 

5: Automated production tests run on an ongoing basis 

and feed monitoring systems; failed deployments can be 

rolled back instantly or fixed forward through the entire 

pipeline. 

3 

Monitor Monitoring implies that full-stack telemetry is active for all 

features deployed through the Continuous Delivery Pipeline so that 

system performance, end-user behavior, incidents and business 

value can be determined quickly and accurately in production. 

Please rate your team's effectiveness at monitoring the full solution 

stack (front end, middle tier, back end, infrastructure, etc.) and 

ability to analyze feature value based on these events. Low-Code 

Development platforms provide extensive automated monitoring 

tools on component and application level. 

1: No feature level production monitoring exists; only 

infrastructure monitoring is in place. 

2: Features only log faults and exceptions; analyzing 

events involves manually correlating logs from multiple 

systems. 

3: Features log faults, user activity and other events; data 

is analyzed manually to investigate incidents and measure 

business value of features. 

4: Full-stack monitoring is in place; events can be 

correlated throughout the architecture; data is presented 

through system-specific dashboards. 

5: Federated monitoring platform provides one-stop access 

to full-stack insights; data is used to gauge system 

performance and business value. 

4 

Respond The ability to detect and recover from unforeseen production 

incidents is critical to the Continuous Delivery Pipeline. Please rate 

your team's effectiveness at proactively detecting high severity 

production issues, identifying root causes using monitoring 

systems and quickly resolving issues by building, testing and 

deploying fixes through the pipeline (versus applying changes 

directly in production). At Low-Code Development, this will be 

limited to production incidents which are not the responsibility of 

the platform vendor and will likely be fixed in a multidisciplinary 

team, where development, operations and business experts work 

closely together to resolve issues in a fast iteration.  

1: Customers/End-users find issues before we do; resolving 

high priority issues is time consuming and reactive; 

customers have low confidence in our ability to recover 

from production issues. 

2: Operations owns production issues; development 

involvement requires significant escalation; teams blame 

each other in times of crisis. 

3: Development and Operations collectively own the 

incident resolution process with use of end-user feedback 

and monitoring systems; recovering from major incidents is 

reactive but a team effort. 

4: Our monitoring systems detect most issues before our 

customers do; Dev and Ops work proactively in 

multidisciplinary teams to recover from major incidents. 

5: Our monitoring systems alert us to dangerous conditions 

based on carefully-designed tolerance thresholds; 

Developers are capable to support their own code/models 

and proactively issue fixes through the pipeline before users 

are affected. 
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  Title Capability Dimension Score descriptions 

Release on Demand 

1 

Release Releasing involves making deployed features available to end 

users. Please rate your team's ability to release features to users on 

demand using feature toggles, blue/green environments, canary 

releases, etc. At Low-Code Development, versions can be managed 

and deployed through version management systems. 

1: Releases are tightly coupled to deployments and 

customers are extremely dissatisfied with the frequency of 

releases. 

2: Releases are tightly coupled to deployments but 

customers are somewhat dissatisfied with the frequency of 

releases. 

3: Release and deployment are coupled but both occur 

continuously or on demand. 

4: Release is decoupled from deployment; deployed features 

are released to the end user population based on business 

readiness. 

5: Deployed features can be released to individual segments 

of the user population; feature toggles are refactored when 

no longer used. 

2 

Stabilize The Continuous Delivery Pipeline requires the production 

environment to be continually stable, reliable, available, 

supportable and secure. With cloud as operational environment, 

this is the responsibility of the vendor. However at on-premises 

deployment, stabilization capabilities should be present. In all 

cases, integrations with (legacy) systems should be stable. Please 

rate your team's effectiveness at maintaining stable solutions that 

avoid unplanned down time and security breaches. 

1: We experience frequent unplanned outages and/or 

security breaches with long recovery times with our legacy 

systems and on-premise deployments. 

2: We experience occasional unplanned outages but recover 

within our service level agreements. 

3: We have very few unplanned outages; availability, 

security, and disaster recovery measures are effective at 

production environments of our responsibility 

4: We have no unplanned outages; We plan and rehearse 

failure and recovery for production environments of our 

responsibility. 

5: We maximize resiliency by deliberately injecting faults 

into the production environment of our responsibility and 

rehearsing recovery procedures. 

3 

Measure Measurement involves collecting factual information about the 

value of a deployed feature and evaluating it against the original 

hypothesis statement. Low-Code Development platforms provide 

performance monitoring tools and end-user feedback collection 

features, however the capability should be present to aggregate the 

objective information about the value realized. Please rate your 

team's ability to aggregate information about the actual value 

realized by deployed features so that it can inform strategic 

financial decisions. 

1:  We don’t define or measure the value of features. 

2: We’ve defined what ‘value’ is but don’t know how to 

measure it with the monitoring and end-user feedback tools. 

3: We capture qualitative feedback from the business about 

the value of our features by using the end-user feedback 

functionality about the value of our features.  

4: We capture qualitative and quantitative feedback from the 

business and our monitoring systems about the value of our 

features. 

5: We aggregate the quantitative and qualitative feedback to 

objectively validate the original hypothesis and inform 

pivot-or-persevere decisions. 

4 

Learn Learning entails making a judgment call to validate or invalidate 

the original hypothesis based on objective measures of business 

value, system performance and end-user feedback. Please rate your 

team's ability to continuously make strategic, "pivot-or-persevere" 

decisions with a close business-IT collaboration based on empirical 

performance data and commitment to actively applying those 

insights to continuously improve the pipeline. 

1: Features are never evaluated post-release. 

2: Features are sometimes evaluated using subjective 

information and/or unilateral opinions. 

3: Hypotheses are evaluated using objective measures but 

actions are heavily influenced by corporate politics. 

4: We are capable to objectively evaluate hypotheses, where 

after pivot or persevere decisions are made without mercy or 

guilt. 

5: Continuous learning and experimentation are ingrained in 

the DNA of the organization. 
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  Title Capability Dimension 

LCD-Specific Capabilities 

1 

Scope 

Awareness 

The ability to keep focus on the scope of the project after fast results come in. These fast, visible 

results after a short iteration may get developers overconfident, resulting in additions of unnecessary 

requirements. The project should however not lose all agility. 

 

Rate your teams ability to keep focus of the project but staying agile on a scale from 1 to 5. 

2 

Citizen-

development 

education 

Involving unexperienced developers in development practices is possible with Low-Code 

Development. However, these unexperienced (citizen-)developers should be educated on both IT 

development principles as modeling capabilities. 

 

Rate your organizations capability to educate unexperienced developers on IT principles and 

modeling in order to get involved in the development process on a scale from 1 to 5. 

3 

Visual 

modeling 

Low-Code Development platforms work with different modeling languages to develop applications. 

Rate your teams capability to master these modeling languages and work with model-based 

development tools on a scale from 1 to 5. 

4 

Component-

based thinking 

In order to eliminate rework, reusability of components in Low-Code Development is key. Reusable 

software components can be developed in traditional coding languages for general usage. All 

reusable generic components should be developed with a minimum amount of dependencies to 

ensure a loosely coupled architecture. Applications should also be managed as components to 

eliminate monolithic, unmaintainable applications. Please rate your team's effectiveness for 

developing independent components on a scale from 1 to 5. 


