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ABSTRACT: Meta-cognitive architectures highlight artificial agents to evaluate, monitor and regulate their internal
procedures, developing self-monitoring and error rectification. These Al-generated systems develop cognitive and
supervisors’ layers to find anomalies, adapt behavior and increase reliability in dynamic environments to overcome
challenges like scalability, complexity and highlight limitations in modern Al systems.
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INTRODUCTION:

Artificial intelligence (Al) has been expanding rapidly
over recent years, thus rendering the creation of intelligent
systems capable of handling complicated tasks in the
sphere of robotics, medicine, finance, and autonomous
systems. The more autonomous Al systems become, the
more important it becomes to make sure that they monitor
their performance and find potential errors. The standard
artificial agents lack the ability to consider their internal
operations and rely on predetermined algorithms and
regulations. To address this weakness, researchers have
offered meta-cognitive architectures that allow artificial
agents to track, evaluate and regulate their mental
activities.

Lastly, meta-cognition is rooted in cognitive psychology,
and it is described as having the capacity to reflect upon
the way one thinks. When used with artificial intelligence,
it enables systems to trace internal operations, analyse task
performance, and detect the deviations between the
expected outcomes. Meta-cognitive architecture is
therefore crucial to improving the reliability, adaptability
and robustness of artificial agents, in dynamic and
unpredictable environments.

2. Concept of Meta-Cognition in Artificial Intelligence

Meta-cognition was the initial concept in the field of
psychology, and it involves the ability of a person to
observe and regulate their thinking processes. It involves
two major aspects and these are tracking mental activities
and controlling the same activities according to the
feedback. Meta-cognition allows human beings to
evaluate personal learning, recognize mistakes, and make
adjustments to improve the performance (Langdon et al.,
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2022). Such an idea has been actively pursued in the study
of artificial intelligence to enhance the capabilities of the
artificial agents.

In Al systems, meta-cognition implies that an artificial
agent can observe and provide analysis of the internal
decision-making processes. Unlike the rigid enforcement
of the actions based on the issued rules or machine
learning models, meta-cognitive systems can self-assess
their performance and adjust their behaviour when needed
(Sternberg, 2021). This will involve monitoring of task
progress, detection of inconsistencies and taking
corrective action.

As an indicator, an Al with meta-cognitive abilities can
recognize when its predictions are not very certain or
when a given strategy is not performing well (Han, 2025).
It can then alter its tactics, seek greater information or
adopt other tactics. By incorporating meta-cognitive
processes, artificial agents will be more adaptive, aware
and competent in enhancing their performance over time
and need not be externally controlled.

3. Meta-Cognitive Architectures in Artificial Agents

Meta-cognitive architectures are structural frameworks by
which artificial intelligence agents can monitor and
manage their cognitive activities. These architectures tend
to consist of multiple layers where each of them is
executing different functions in the system. The most
celebrated framework is composed of a low-level
cognitive layer and a meta-cognitive layer.

It is the basic level of cognition, and it performs the
primary functions of perception, reasoning, learning, and
decision-making (Ukov and Tsochev, 2025). This layer
deciphers information of the environment and generates
actions based on programmed algorithms or learned
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models. And even this layer by itself is not able to estimate
whether its actions are effective or correct.
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The bottom cognitive layer will be overridden by the
meta-cognitive layer which will be a supervisory system.
It continually tracks the behaviour of the base layer and
analyses performance measures, such as the tasks
accomplished, accuracy and system confidence. In such a
way, the meta-cognitive layer can identify the
inefficiencies or potential errors in the decision-making
process by means of monitoring and evaluation (Drigas et
al., 2023).

The meta-cognitive system can provoke corrective actions
when a problem is detected. These activities may include
changing the parameters, selecting alternative policies,
requesting additional information, and even stopping until
the next study process is completed (Martinengo et al.,
2025). The result of such stratified form is smarter
customized behavior of artificial agents that have self-
regulation and adaptation learning.

The meta-cognitive architectures come in handy in the
ambiguous environment where the instability and
dynamism are high order. Such architecture allows
artificial agents to monitor and self-correct their behaviour
resulting in a far more robust, high- performance, and
long-term system performance.

4. Self-Monitoring Mechanisms in Artificial Agents

One of the fundamental roles of the meta-cognitive
artificial agents is self-observing. The ability of a system
to study and evaluate its own internal processes and

output behaviour is the ability. Self-monitoring features
enable artificial agents to keep track of their activity,
evaluate their performance, and detect cases of
performance deviation.

One of the primary techniques that is used in self-
monitoring is the use of feedback loops. These loops
continuously receive data about the system performance
and compare it to already established goals or
performance indicators (Du et al.,, 2025). Where
discrepancies are realised, the system can take corrective
measures to improve its behaviour.

Artificial agents may also rely on internal performance
indicators, such as prediction confidence, error rates, and
time to complete a task (Wang et al., 2026). Indicatively,
in a machine learning system, the agent can have access
to the precision of its predictions and be aware of the fact
that it requires changing its model or retraining.

Self-monitoring is a very important factor in autonomous
systems such as robots or self-driving cars. Here, agents
must constantly examine sensor data, decision and
environmental changes outcomes to ensure that the
operation is safe and effective (Braun et al., 2024). In case
the system can detect any abnormal patterns or
inconsistencies, it can initiate diagnostic mechanisms or
alter its behaviour to avoid risk.

By introducing self-monitoring capability, artificial
agents can become more autonomous and trustworthy.
This not only enables the system to perform better but also
enhances transparency since the agent can offer
explanations or insights into the process of internal
decision-making in the system.

5. Error Awareness and Detection in Artificial Agents

The other significant aspect of the meta-cognitive
architecture is error awareness. It is the ability of a virtual
agent to understand that something has gone amiss or that
a decision may have some undesired effects. Traditional
Al systems are often identified with errors by human
operators or post-processing evaluation. However, when
provided with meta-cognitive systems, artificial agents
can identify mistakes in their inner system and respond to
them.

Anomaly detection, uncertainty estimation and predictive
monitoring are among the mechanisms that can be used to
detect errors (Yuttachai et al., 2024). Anomaly detection
algorithms enable systems to identify unusual trends in
data or behaviour that are not normal per expectation.
Similarly, uncertainty estimation would help an agent to
determine the precision of its predictions or decisions.

To illustrate, a medical diagnosis Al-based solution can
test the accuracy of its predictions. In other words, the
result can be tagged as uncertain by the system and human
verification is needed when the confidence is near zero
(Bao et al., 2023). Such error awareness reduces the risks
of making erroneous decisions, besides enhancing the
overall system safety.

The agents can also learn out of their mistakes and out of
the meta-cognitive architecture. Should there be an error,
the system can learn why an issue has taken place and
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adjust its internal models or strategies. This lifelong
learning improves future performance and reduces the
possibility of repeating such mistakes.

The particular space of high error awareness is the area of
autonomous vehicles and medical and financial decision-
making systems (Bickley and Torgler, 2023).

6. Challenges and Limitations of Meta-Cognitive
Architectures

On the one hand, meta-cognitive architectures are
characterized by a few limitations and challenges despite
their advantages. The former is more complexity in
calculations required to set up monitoring and control
mechanisms. More processing and system design
complexity may be required by the introduction of meta-
cognitive layers (Bao et al., 2023).

The other challenge is the modeling of meta-cognitive
mechanisms that can be compared to the human self
awareness (Bickley and Torgler, 2023). Artificial systems
can trace the information and performance indicators, but
the reflective thinking that is human-like is still difficult
to reproduce. In addition, the technical aspect is that it
might be difficult to come up with effective sound
monitoring systems that work in real-time.

Scalability is also another problem, in which large Al
systems are able to generate huge volumes of information
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which need processing by meta-cognitive components.
Another set of ethical considerations is that of the cases of
autonomous system making independent decisions by
internal considerations.

To address these problems, the research on Al architecture
development, computational efficiency, and responsible
Al development needs to be continued.

7. CONCLUSION

The meta-cognitive architectures are an important move
towards the development of intelligent artificial agents.
Such architectures promote the safety, adaptability, and
reliability of Al technologies because they can manage
what happens inside it and detect potential errors. Self-
monitoring mechanisms allow the agent to examine his
performance as compared to the error awareness which
allows the agent to correct his mistakes immediately.

Although there are problems associated with meta-
cognitive techniques such as computational complexity,
and system design, studies continue to improve meta-
cognitive techniques. As ever more autonoetic Al systems
are developed, meta-cognition will be required to develop
intelligent agents to act responsibly and efficiently in
complex environments.
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