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This white paper examines the evolution of Human-in-the-Loop (HITL) systems within the autonomy

development lifecycle and AI/ML production systems, spanning key functions such as data

sourcing, cleanup, and annotation and QA. It explores how emerging AI paradigms such as

generative agents, world models, and prompt-based zero-supervision learning are redefining the

boundaries of human involvement in these domains. Drawing historical parallels with past

automation shifts, the paper argues that HITL is undergoing a transformation: from executing

routine tasks to managing cognitively complex, domain-specific challenges. As AI agents

increasingly take the front seat, the HITL role shifts from “people management” to “agent

management,” signaling a fundamental change in how humans contribute to intelligent system

development.
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The Evolution of Human-in-the-Loop in Artificial
Intelligence and Machine Learning

The concept of Human-in-the-Loop has its origins in early cybernetics and control systems. Norbert

Wiener’s foundational work on feedback loops in the 1940s formalized the idea that humans could

be integrated as control elements in intelligent systems [1]. During the Cold War era, HITL was

essential in military and aerospace systems, where human decision-makers guided automated

radar and missile systems.

With the rise of machine learning in the 1990s and 2000s, HITL re-emerged as a critical design

pattern. Researchers recognized that human judgment could supplement data deficiencies, provide

corrective feedback, and guide algorithmic behavior, especially in high-stakes applications like

medical diagnosis and financial modeling [2].

Currently, HITL is used heavily in traditional AI/ML model development, as feedback loops in GenAI

model development, and also in AI/ML assisted production systems (customer support, document

processing, object detection etc.)

The History of Human-in-the-Loop
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Supervised Learning

In traditional supervised learning, HITL was extensively used to label training data, particularly in

domains like computer vision. Projects such as ImageNet [3] relied on crowdsourced human

annotations to build large-scale datasets. HITL was also critical in model validation loops, where

humans confirmed or rejected predictions, thereby improving system accuracy and robustness over

time. HITL has been used on traditional Natural Language Processing (NLP) techniques such as

Named Entity Recognition (NER), Human Feedback based Summarization, Language Translation

etc. All pre-transformer NLP processes subscribed to the supervised learning paradigm, where

human guidance was encoded in model development.

Traditional Uses of Human-in-the-Loop
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Generative AI (GenAI) Development

The emergence of Generative AI, particularly large language and diffusion models, reintroduced

HITL for both training and fine-tuning. Reinforcement Learning from Human Feedback (RLHF), used

in training models like OpenAI’s GPT series, is a quintessential example where human evaluators

score model outputs to improve alignment with user intent [4]. Similarly, human feedback is used to

moderate hallucinations and enforce safety boundaries in GenAI systems. One can argue that in

GenAI, foundation models already include human input, including all that has ever been produced

(literature, art, project status reports, movies, music, and so on). Still human feedback is critical to

ensure these models are accurate, safe, and operate without hallucinations.

Production Systems and Continuous Learning

In production AI systems, HITL workflows are integrated into model monitoring, active learning

pipelines, and edge-case triaging. For instance, recommendation engines often loop human

evaluators into A/B testing and feature validation processes to prevent biased or adversarial

outputs [5]. Human involvement is also central in CI/CD pipelines for ML (MLOps), where annotation

teams collaborate with data engineers and model owners to sustain model performance post-
deployment. As more commercial organizations adopt AI/ML solutions, HITL production systems

become more common.



New Developments: Disruptions to Traditional HITL

Development of Agentic AI & Physical AI Environments

Zero-Supervision and Self-Supervised Learning

Agentic AI systems capable of autonomous goal-setting and tool usage alters the role of humans

from labelers to supervisors or co-pilots. These agents, such as AutoGPT or ReAct-based

frameworks [6], self-iterate through tasks but often require HITL validation at key decision junctures.
This evolves HITL into a governance function: humans assess not individual outputs but the chain-
of-thought reasoning and ethical implications of autonomous behavior.

In robotics and physical AI, HITL enables real-time learning and adaptation through techniques like

imitation learning, kinesthetic teaching, and human-guided reinforcement learning [8]. From

autonomous vehicles to surgical robots, human intervention is essential in safety-critical scenarios.
HITL roles here often involve high-context judgment, deciding not just what action to take but when

to delegate or override autonomy.

In both cases, the human involvement is on higher complexity high impact decisions and not case

by case transactional tasks.

The advent of foundation models and zero-shot capabilities has minimized the reliance on manual

annotation. Models like GPT-4, CLIP, and Gemini are trained on web-scale corpora with minimal

direct supervision. However, human involvement has not been eliminated; it has shifted upstream

into dataset curation and downstream into interpretability and safety auditing [7]. For instance, red-
teaming large models or setting up alignment tests still requires highly skilled HITL operations.

Advances in Reasoning Models

New reasoning models like Absolute Zero [10] represent a significant disruption to traditional

Human-in-the-Loop (HITL) paradigms by reducing the dependency on human guidance for

complex, multi-step reasoning tasks. Unlike earlier models that relied heavily on human-curated

prompts or feedback loops, Absolute Zero combines self-organizing reasoning structures with

agentic memory and contextual alignment, allowing it to independently deconstruct, plan, and

solve problems with minimal oversight. This shift challenges the current HITL role in validation, task

decomposition, and quality control, transforming it from continuous input to episodic intervention.
As such models scale, HITL will evolve from operational involvement to a more specialized role

focused on governance, exception handling, and ethical oversight of autonomous reasoning

agents. In essence, "Absolute Zero" presents a paradigm shift in AI reasoning, highlighting the

potential of self-play and zero-shot learning to unlock new levels of intelligence without relying on

extensive human supervision or data collection.
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The Future Trend: The Evolving HITL Paradigm

With the advent of the age of AI, we have experienced the growth in a specialised HITL-focused

industry. It is a nascent one where traditional IT Services and new emergent startups compete for

HITL focussed tasks from large and small tech companies who develop and deploy AI models. The

origins of the industry can be dated in 2010’s. Although it is a new industry, due to the rapid nature

of development in the AI world, it has seen more disruptions compared to traditional industries.

Below the hood, the task of the human annotator has rapidly evolved and will continue to do so in

the near future. We take a look at the trajectory of HITL to keep pace with the disruptions and

supercharged developments of the AI Industry - 
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Dimension 2010s 2025 and beyond

Primary human task Data labeling, rule tuning
Oversight, policy & value

alignment

Skill profile Entry-level annotators
Domain experts, ethicists,

and risk analysts

Interaction cadence Batch offline
Continuous, event-

triggered

Tooling Annotation UIs, dashboards
Multi-modal simulators,
governance platforms

Key metrics
Label throughput, model

accuracy
Socio-technical resilience,

regulatory compliance

As the AI ecosystem matures further, the role of HITL is expected to transition in three key

directions
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From Low-Level Annotation to High-Cognitive Judgment: As models increasingly self-learn and

self-correct, HITL will shift from labeling images or correcting outputs to verifying alignment with

legal, ethical, and strategic goals.

Domain-Specialized Human Interfaces: HITL will become a professional layer akin to roles in

data governance or cybersecurity. Future HITL operators may be medical professionals, legal

experts, or supply-chain managers who understand both the domain and the AI system’s
affordances.

Tooling and Workflow Integration: HITL will evolve into an integrated part of MLOps and AI

governance platforms, enhanced by visualization tools, prompt engineering interfaces, and

decision-tracking mechanisms. Advanced human-in-the-loop systems will require knowledge of

prompt validation, explainability techniques (e.g., SHAP, LIME), and human-factor UX design [9].

Human-in-the-Loop is not disappearing; it is transforming. From its origins in feedback systems to its

modern manifestations in generative and agentic AI, HITL has played a pivotal role in enabling AI

systems to function safely, ethically, and effectively. But the HITL of the future will not consist of rote

labeling or post-hoc corrections. Instead, it will require higher cognitive skills, domain fluency, and

ethical judgment. Much like the evolution of manufacturing or finance, HITL in AI will professionalize

into a role where humans oversee, steer, and correct AI, not line-by-line, but strategy-by-strategy.
Also, the HITL industry will transform from a purely ‘human’ workforce to a workforce combining

Humans and AI Agents. The successful HITL companies of the future will be adept at human

resource management as well as Agent AI management.

We at DDD have already seen this journey commence as our human workforce has changed from

entry-level annotators to domain experts in the field of Automotive Safety, Diverse Language

Experts, Medical Professionals, Sports Analysts, just to name a few.

Conclusion
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What’s next?
We at DDD have already seen this journey

commence as our human workforce has

changed from entry-level annotators to

domain experts in the field of Automotive

Safety, Diverse Language Experts, Medical

Professionals, Sports Analysts, just to name

a few. 

Human-in-the-Loop is not disappearing; it is transforming. From its origins in feedback systems to its

modern manifestations in generative and agentic AI, HITL has played a pivotal role in enabling AI

systems to function safely, ethically, and effectively. But the HITL of the future will not consist of rote

labeling or post-hoc corrections. Instead, it will require higher cognitive skills, domain fluency, and

ethical judgment. Much like the evolution of manufacturing or finance, HITL in AI will professionalize

into a role where humans oversee, steer, and correct AI, not line-by-line, but strategy-by-strategy.

Also, the HITL industry will transform from a purely ‘human’ workforce to a workforce combining

Humans and AI Agents. The successful HITL companies of the future will be adept at human

resource management as well as Agent AI management. 
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