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Abstract 
The contemporary software development landscape is undergoing a foundational transition from 

manual, syntax-dependent programming to abstracted, model-driven development paradigms. 

This survey examines the proliferation of Low-Code and No-Code (LCNC) technologies, 

evaluating their role as critical enablers of digital transformation within the post-pandemic 

economy. By synthesizing data from industry leaders, academic research, and technical reports, 

the study elucidates the mechanisms through which LCNC platforms democratize software 

creation, particularly in advanced fields such as machine learning, blockchain, and the Internet 

of Things (IoT). The analysis details a significant shift in developer demographics, forecasting 

that the majority of application development will soon occur outside traditional information 

technology departments. Furthermore, the report explores the socio-psychological impact of 

these tools on workforce morale, technical upskilling, and gender equity. It addresses critical 

organizational challenges, including the rise of "Shadow IT," the accumulation of technical debt, 

and the governance gap in enterprise environments. 
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Introduction: The Socio-Technical Shift to Model-Driven Abstraction 

The historical trajectory of software engineering has been defined by a persistent drive toward higher levels of abstraction, 

moving from the rigid constraints of machine code to the intuitive, visual interfaces of the modern era.[1] Low-code and no-code 

(LCNC) technologies represent the fourth and nascent fifth generations of this evolutionary process, offering a standardized 

framework that reduces the variation in the underlying technology fabric while improving maintainability and bridging 

incompatibilities across disparate design approaches.[1] This shift is not merely a technical convenience but a structural response 

to a global economy characterized by labor shortages, supply chain complexities, and an urgent need for operational efficiency. 

In the wake of the global pandemic, businesses have been forced to re-evaluate their reliance on traditional, "Waterfall" 

development methods, which are often too slow and costly to meet rapidly changing market demands. The pandemic acted as a 

catalyst, increasing the requirement to connect suppliers and businesses remotely through real-time applications and digital 

communities. Organizations that have successfully embraced this digital change have gained significant advantages in flexibility 

and capability, often leveraging low-code platforms to change, rebuild, and customize applications as their needs expand. This 

evolution is underpinned by the "cloud-forward" approach, as almost all modern LCNC platforms are cloud-native, providing 

organizations with inherent scalability, security, and disaster recovery benefits while facilitating faster cloud migrations. [2]

The democratization of development allows "citizen developers"—individuals with domain expertise but little formal coding 

experience—to transform their business visions directly into functional software, thereby resolving the long-standing 

misalignment between business requirements and IT execution.[2] As the GitHub CEO observed, the future of coding may 

increasingly involve no coding at all.[2] This transformation is reflected in the shifting workforce dynamics, where by 2026, it 

is projected that 80% of developers will operate outside formal IT departments.[6]

https://doi.org/10.54660/.IJMRGE.2023.4.6.1507-1511
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Market Analysis: Growth Trajectories and Economic 

Catalysts 

The economic impetus for adopting LCNC platforms is 

driven by a combination of massive private investment and 

the demonstrated productivity gains of these technologies. 

The global market for low-code technologies is projected to 

maintain a consistent growth rate, with specific forecasts 

suggesting a 20% increase in 2023 alone.[2] This growth is 

part of a broader trend where industry actors are racing ahead 

of academia in the production of significant machine learning 

models, as they possess the vast data, compute, and financial 

resources required for state-of-the-art systems.[7] 

 

Investment and Productivity Metrics 

Private investment in artificial intelligence, a core component 

of advanced LCNC ecosystems, soared to approximately $93  

billion in 2021, representing more than a twofold increase 

over the previous year.[4] This intensification of investment 

corresponds with a period where AI is becoming more 

affordable and higher-performing; for instance, the cost to 

train an image classification system has decreased by 63.3% 

since 2018, while training times have improved by 94.4%.[4] 

These technical advancements lower the barrier for LCNC 

platform providers to integrate sophisticated AI capabilities 

into their visual interfaces. 

The productivity benefits of LCNC are empirically supported 

by benchmarks comparing them to traditional development. 

Model-driven LCNC development has been shown to provide 

a 5x to 7x productivity improvement over traditional Java 

development.[5] A separate 2020 survey reported a 4.6x gain 

in productivity over traditional programming.[5] 

Table 1: Synopsis of Productivity Metrics 
 

Metric Projection / Observed Value 

Market Growth (2023 Forecast) 20% 

Low-Code Development Share (By 2024) 65% of all app development 

Citizen Developer Proportion (By 2026) 80% of all developers 

AI Private Investment (2021) $93 Billion 

Training Cost Reduction (Image Classification) 63.6% (Since 2018) 

Productivity Gain (Model-driven vs. Java) 5x to 7x 
 

 

Adoption Trends Across Organizational Scales 

The adoption of LCNC follows a fragmented landscape, with 

distinct strategies for large enterprises and small-to-midsized 

businesses (SMBs). Enterprise-grade platforms, such as 

Appian, Pega, and OutSystems, prioritize high scalability, 

performance, security, and deep integration with existing 

enterprise applications, though they are often more complex 

and expensive.[5] In contrast, SMBs tend to favor more 

accessible and cost-effective solutions to manage core 

processes like integrated business management software. 

In the Europe, Middle East, and Africa (EMA) region,  

approximately 43% of companies currently use low-code, 

with 20% identifying it as a key component of their overall 

software strategy.[6] Furthermore, 60% of managers in these 

regions rate low-code as "critical to very critical" for 

operational and strategic performance.[6] The integration of 

LCNC into specialized areas such as Customer Relationship 

Management (CRM) is already high at 42%, with future 

expansion expected into more complex business-critical 

applications like Enterprise Resource Planning (ERP) and 

production solutions.[6] 

Table 2: Strategic companies of Low-Code/No-Code Platform usage 
 

Organizational Sector Adoption / Strategic Importance 

EMA Companies Currently Using LCNC 43% 

Companies Planning LCNC Integration 33% 

Managers Rating LCNC as "Critical" 60% 

CRM Usage of LCNC 42% 

 

Platforms of Democratization: A Comparative Technical 

Review 

The technical maturity of LCNC platforms is best 

demonstrated through specialized tools that abstract complex 

computational tasks into visual, no-code workflows. These 

platforms cater to diverse needs, from enterprise machine 

learning to accessible web-based recognition models. 

 

Enterprise Machine Learning: Amazon SageMaker 

Canvas 

Amazon SageMaker Canvas serves as a paradigm for how 

sophisticated machine learning (ML) can be placed in the 

hands of business analysts without requiring code or deep ML 

expertise. It eliminates the need to understand hundreds of 

algorithms, training parameters, and evaluation metrics 

through an intuitive interface. Data Orchestration and 

Preparation: Users can access disparate data sources in the 

cloud or on-premises, including Amazon S3, Redshift, 

Snowflake, and local CSV files. The platform facilitates data 

joining through a drag-and-drop interface that automatically 

identifies shared columns and applies transformations like 

Inner Join. Automated Model Lifecycle: SageMaker Canvas 

leverages automated technology to clean data and train 

hundreds of models simultaneously, eventually selecting the 

best-performing one. It supports multiple problem types, 

including binary and multi-class classification, numerical 

regression, and time-series forecasting. Analytical Depth: 

Before a model is finalized, the platform provides preview 

capabilities and analysis reports that estimate accuracy and 

the "impact" or importance of each column on the target 

prediction. Post-training, it allows for visual analysis of 

advanced metrics such as Precision, Recall, and F1 Score. 

Hybrid Collaboration: A critical feature of SageMaker 

Canvas is its integration with Amazon SageMaker Studio, 

allowing data scientists to inspect and further refine no-code 

models for production systems.[7] 
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Accessible Recognition: Google Teachable Machine 

Google’s Teachable Machine (TM 2.0) focuses on 

accessibility and education, making machine learning fast 

and easy for everyone regardless of their background. It 

allows for the recognition of images, sounds, and poses (such 

as sitting versus standing) through a browser-based, three-

step workflow. 

1. Data Gathering: Users upload files or use live 

webcam/microphone inputs to provide examples for 

different classes. 

2. Training: A single click initiates browser-based training 

using TensorFlow.js. 

3. Testing and Exporting: Users test the model instantly 

and can export it for use in websites, mobile apps, or 

physical machines, such as the "Tiny Sorter" physical 

sorting device. 

 

The privacy-centric design ensures that training data stays 

on-device unless the user specifically chooses to save the 

project to the cloud, addressing a key ethical concern in the 

democratization of AI.[8] 
 

Enterprise Productivity: Microsoft Power Platform 

The Microsoft Power Platform represents a broader trend of 

integrating LCNC into the daily productivity suite. 

According to the 2022 Low-Code Trend Report, 82% of users 

agree that this technology provides opportunities to improve 

their technical skills and development knowledge.[9] The 

platform focuses on several pillars of digital transformation: 

● AI-Driven Rapid Planning: Teams can define visions 

in natural language, which AI then translates into 

solution blueprints, reducing development time by up to  

50% in some cases. 

● Collaborative Innovation: The platform allows 

business users and professional developers to work 

together in shared workspaces. Business users describe 

their needs in natural language, while pro developers add 

custom code and connectors for advanced requirements. 

● Operational Efficiency: AI-driven models can be 

embedded directly into applications to guide users, and 

repetitive tasks like form filling from emails are 

automated to reduce human error. 

● Case Studies in Impact: Large-scale organizations have 

reported significant gains. Heineken, for instance, 

created over 10,000 applications resulting in 3.1 million 

hours of increased productivity, while T-Mobile saved 

$4 million with a single application built on the platform. 

 

The Organizational Dimension: Culture, Ethics, and 

Diversity 

The adoption of LCNC is not merely a technical 

implementation but a cultural shift that requires "executive 

vision and endorsement" and the breakdown of 

organizational silos.[5] It involves establishing digital 

transformation competency centers to guide the strategic use 

of these platforms.[5] 
 

Impact on Workforce Morale and Upskilling 

Investing in LCNC platforms has shown significant positive 

results for the workforce, acting as a powerful tool for talent 

attraction and retention. A high percentage of users report 

that these tools give them the confidence to perform above 

employer expectations.[9] 

Table 3: Impact of LCNC on Workforce 
 

Workforce Metric Positive Impact Reported 

Work Satisfaction and Workload 83% 

Employee Morale 80% 

Willingness to Work for a Company that Invests in Upskilling Over 80% 

Doubt About Future with a Company Not Investing in Tech Skills 71% 

 

The reports also highlight a "learning culture" where 78% of 

current low-code users take advantage of training 

opportunities, compared to only 41% of potential users.[9] 

This suggests that the availability of accessible tools creates 

a virtuous cycle of engagement and skill acquisition. 

 

Ethics and the Non-Neutrality of Systems 

The democratization of development brings ethical 

considerations to the forefront. The MIT AI Ethics Education 

Curriculum emphasizes that AI systems are not neutral and 

serve specific political or corporate agendas.[8] 

Understanding this "socio-technical" nature of systems is 

critical for citizen developers. The curriculum focuses on 

several learning objectives: 

● Algorithmic Bias: Understanding how the quantity and 

composition of training data affect outcomes in 

supervised machine learning. 

● Stakeholder Analysis: Identifying how technical 

systems affect different groups of people and visualizing 

these effects through ethical matrices. 

● Optimization Goals: Learning to distinguish between 

advertised goals and the true goals of a system, such as 

profit versus entertainment. 

 

The Stanford HAI 2022 report corroborates the need for this 

education, noting that while language models are more 

capable than ever, they are also more biased, with larger 

models reflecting higher levels of toxicity from their training 

data.[4] Research on fairness and transparency in AI has 

exploded since 2014, with a fivefold increase in related 

publications at ethics conferences.[4] 
 

Technical Architectures and Emerging Technologies 

Low-code and no-code platforms are increasingly serving as 

the primary interface for integrating emerging technologies 

such as the Internet of Things (IoT), Blockchain, and 

Artificial Intelligence into business processes.[3] 
 

Accelerated Time-to-Market and Strategic Agility 

Traditional "Waterfall" approaches are often too slow for 

modern market uncertainties. LCDPs (Low-Code  
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Development Platforms) allow firms to change strategies 

faster through prebuilt templates and components.[3] 

Academic findings indicate that LCDPs can shorten software 

delivery cycles by up to  

70% compared to traditional coding methods. 

 

Specific Technical Insights 

● Artificial Intelligence: LCDPs facilitate rapid 

prototyping for applications that typically require 

complex methods and large datasets. Graphical, point-

and-click workflows manage the sophistication of neural 

networks without requiring specialized knowledge for 

execution. 

● Internet of Things (IoT): IoT requires the integration of 

disparate devices and massive data handling. LCDPs 

simplify this through visual modeling and automated 

processes across multiple platforms, ensuring that the 

final solutions are technically sound while remaining 

highly relevant to user needs. 

● Blockchain: Developers often struggle with the learning 

curve of decentralized structures and cryptosystems. 

LCDPs reduce these hurdles by using visual modeling 

and predefined objects, allowing smart contracts to be 

developed through interface-based tools to minimize 

coding flaws.[3] 

 

Risk Mitigation and Governance Frameworks 

While the benefits of LCNC are substantial, organizations 

must navigate significant technical and operational risks to 

ensure long-term stability and security. 

 

Technical Challenges and "Shadow IT" 

The implementation of LCNC can lead to several 

documented risks, particularly when development occurs 

outside the formal IT infrastructure. 

● Shadow IT and Supportability: If a citizen developer 

leaves an organization, the central IT department may 

find it difficult to modify or support the application 

because they were not involved in its design.[1] IT 

managers express significant concern about this "danger 

of shadow IT" (42%) and the lack of transparency 

regarding available tools.[6] 

● Technical Debt: Poor architecture choices or design 

patterns made by non-experts can cause future 

bottlenecks. Without proper supervision, applications 

can suffer from integration problems and resource 

utilization issues that accumulate over time.[1] 

● Security Auditing: Auditing security standards is 

difficult because there is often no access to the source 

code. While the platform's compiler translates features 

into an underlying language, that code usually has 

minimal readability, making logic audits nearly 

impossible.[1] 

● Vendor Lock-in: Organizations become totally 

dependent on the platform vendor and the specific 

business users who created the application for long-term 

maintenance.[1] 

 

The Governance Gap 

Despite these risks, a significant governance gap exists in 

many organizations. According to KPMG, 73% of low-code 

planners and 65% of current users have not yet defined 

governance rules for their usage.[6] Only 24% of companies 

plan for strategic use with full integration into a company-

wide governance strategy.[6] Furthermore, 48% of EMA 

companies struggle with data silos that prevent information 

from being shared across departments, complicating 

company-wide integration.[6] 

To overcome these barriers, organizations are employing 

various promotion and control methods, including: 

● Special training for IT staff (43%). 

● Defining key users or "multipliers" (33%). 

● Hackathons and incentive programs (35%). 

● Centralizing policies for data loss prevention and 

auditing within a unified hub.[6] 

 

Conclusion: A Paradigmatic Synthesis 

The evidence gathered in this survey indicates that low-code 

and no-code technologies have moved beyond being mere 

tactical shortcuts to becoming essential components of a 

standardized framework for application development and 

lifecycle management. By reducing the variation in the 

underlying technology fabric and bridging incompatibilities 

across disparate platforms, LCNC enables organizations to 

transform from one-off digital delivery to continuous digital 

capability. 

The success of this transition depends on a nuanced approach 

to governance—one that views it as an enabler rather than a 

barrier. The focus must shift from individual applications to 

the management of an entire portfolio of services that are 

built for high-accountability environments. By embracing a 

hybrid development model—where business users provide 

the domain knowledge and professional developers provide 

the architectural oversight—organizations can unlock 

repeatable advantages across their entire digital footprint.[1] 

As the field continues to evolve toward 5th-generation 

programming and AI-assisted verification, the boundary 

between "business" and "IT" will likely continue to blur, 

fostering a more agile, inclusive, and innovative digital 

future.[1] 
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