
                                                                             Galore International Journal of Applied Sciences and Humanities 

                                                                                                                            DOI: https://doi.org/10.52403/gijash.20210706                     

                     Vol.5; Issue: 3; July-Sept. 2021 

                               Website: www.gijash.com                                                  

Review Paper                                                                                                                                                  P-ISSN: 2456-8430   

 

                       Galore International Journal of Applied Sciences and Humanities (www.gijash.com)  47 

Vol.5; Issue: 3; July-September 2021 

How Meta Learning Enhances Reinforcement 

Learning in AI 
 

Deekshitha Kosaraju 

 

Independent Researcher, Texas, USA 

 
 

ABSTRACT 

 

Meta learning or the concept of "learning to 

learn" has become increasingly popular in 

the realm of intelligence with a focus on 

reinforcement learning (RL). Traditionally 

faced with hurdles related to efficiency and 

adaptability when encountering 

environments or tasks. However, by 

incorporating meta learning into RL 

approaches... Agents are equipped not to 

grasp individual tasks but also to apply their 

knowledge to novel tasks, with limited data 

and exploration. This article delves into the 

ways in which meta learning boosts 

reinforcement learning by enhancing 

adaptability and efficiency in handling 

samples effectively while also improving 

generalization capabilities of the system at 

large. We will delve into the principles of 

both meta learning and RL and touch upon 

the hurdles faced by traditional 

reinforcement learning methods while 

highlighting how meta learning offers fresh 

and effective solutions. Furthermore, we will 

explore the reaching implications of this 

synergy across various fields such as robotics 

and healthcare along with autonomous 

systems which sets the stage for developing 

AI systems that are more flexible and adept, 

at various tasks. The article showcases the 

groundbreaking possibilities of merging 

meta learning with reinforcement learning in 

theory and real-world applications using 

illustrations and real-life scenarios. 
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INTRODUCTION 

Reinforcement learning (RL) is widely seen 

as an area in artificial intelligence (AI) where 

agents acquire knowledge by engaging with 

their surroundings. Interaction based RL 

techniques traditionally focus on agents 

enhancing their behavior by maximizing 

rewards gained through experimentation. 

Although this method has proven effective in 

settings it encounters challenges, in adapting 

to diverse tasks efficiently necessitating 

substantial datasets and time for each novel 

learning situation. This bottleneck points out 

an issue in conventional RL systems [5]. 

Their struggle to swiftly adjust to new or 

unfamiliar settings arises as a challenge here. 

However meta learning steps in, by 

empowering agents to acquire the skill of 

learning itself.  

In the realm of meta learning or "learning to 

learn" agents are empowered to adapt to 

various tasks—a departure from 

conventional reinforcement learnings 

focuses on mastering singular tasks alone. 

Meta learning enables models to draw 

insights, from encounters and promptly 

tweak their approaches when faced with 

novel scenarios. This flexibility stands to 

boost the effectiveness of reinforcement 

learning notably in settings where data's 

limited or costly to acquire. Meta learning 

helps agents learn from experiences to make 

quicker and more effective decisions, in 

unfamiliar situations [1] [9].  

Furthermore, meta learning has displayed 

promise across different domains of artificial 
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intelligence providing answers in situations 

where conventional techniques struggle to 

generalize efficiently. Research has revealed 

that when meta learning is merged with 

reinforcement learning agents can reach 

performance benchmarks that do not 

compete with but frequently outperform 

algorithms crafted by humans. This 

incorporation of meta learning into RL 

doesn't just represent an advancement but 

also offers a real-world remedy to some of 

the most urgent issues, in AI today. As we 

progress towards creating AI systems that 

can be used for purposes and tasks in a more 

versatile manner the importance of meta 

learning, in improving reinforcement 

learning becomes increasingly essential 

especially for tasks that demand quick 

adjustment and widespread application [5] 

[4]. 

 

Main Body 

Problem Statement 

Reinforcement learning as we know it has 

faced hurdles over the years due to its heavy 

reliance on large datasets and lengthy 

training periods for optimal performance. 

Although RL shows prowess in tackling 

tasks with clearly defined policies in place it 

encounters difficulties when encountering 

novel environments or tasks that deviate 

from its training set. This challenge is further 

exacerbated by the need for RL agents to go 

through trial-and-error procedures, which are 

not only expensive and time consuming but 

also ineffective, at times. Additionally 

conventional reinforcement learning is 

limited in its capacity to apply knowledge 

from one task to another resulting in a level 

of task dependency [5].  

In situations such as robotics or healthcare 

that entail real world limitations and critical 

settings where the stakes high; this restriction 

could pose a significant challenge. For 

example, a reinforcement learning agent 

designed to aid in self driving cars might 

excel under circumstances but struggle to 

promptly adjust to changing weather 

conditions, new traffic regulations and 

diverse road conditions. The incapacity to 

transfer knowledge effectively between tasks 

or swiftly adjust in ever changing 

surroundings highlights the deficiencies of 

conventional reinforcement learning 

methods. The demand for a versatile and 

adaptive learning approach becomes 

imperative, in scenarios [9] [1]. 

 
Criteria Traditional Reinforcement Learning 

(RL) 

Meta-Learning Enhanced Reinforcement 

Learning (Meta-RL) 

Adaptability Requires extensive retraining for new tasks Rapid adaptation to new tasks with minimal 

data 

Generalization Task-specific; struggles to generalize 

across different tasks 

Generalizes knowledge from previous tasks to 

handle new, unseen tasks 

Data 

Efficiency 

Requires large amounts of data for each 

new task 

High sample efficiency, leveraging prior 

experience 

Training Time Time-consuming training for each new 

environment or task 

Faster adaptation with fewer training iterations 

needed for new tasks 

Applications Works well for single, specific tasks (e.g., 

game playing, robotic control) 

Useful in dynamic environments (e.g., 

autonomous driving, healthcare, robotics) 

Challenges Struggles with real-time decision-making 

in unfamiliar environments 

Capable of adapting strategies in real time 

across diverse environments 

Table 1: Key Differences Between Traditional Reinforcement Learning and Meta-Learning Enhanced 

RL [5] [3] [1] 

 

Solution 

Meta learning presents a way to address these 

issues by empowering reinforcement 

learning agents to grasp the art of learning 

itself. With meta learning in place RL agents 

gain knowledge on adapting to fresh tasks 

enabling them to apply their skills across 

various tasks and environments. Then 

starting from square one for every new task 

meta learning equips the agent, with the 
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ability to adjust to unfamiliar scenarios using 

minimal data and computational resources 

[5]. During the training process of the agents 

meta training phase involves exposing it to a 

variety of tasks so that it can develop 

strategies that can later be used on new tasks, 

in the meta testing phase [4].  

One of the standout techniques in 

reinforcement learning is the Model 

Agnostic Meta Learning (MAML) 

framework which enables RL agents to 

adjust to new tasks with just a few gradient 

updates leading to decreased data and time 

needed for training efforts. This strategy 

boosts the adaptability of RL agents while 

also enhancing sample efficiency making it a 

valuable choice, for applications where data 

availability is limited. Utilizing algorithms 

such as MAML, in meta learning can greatly 

enhance the adaptability of reinforcement 

learning agents to tackle diverse tasks 

effectively without requiring extensive 

retraining [1]. 

 
Aspect Traditional RL Meta-Learning Enhanced RL 

Data Efficiency Requires large amounts of data for each 

new task. 

Learns from smaller datasets and adapts to 

new tasks with fewer data. 

Adaptability Slow to adapt to new tasks, requires 

retraining for each new task. 

Rapid adaptation to new tasks with minimal 

updates. 

Generalization Poor generalization to unseen tasks. Generalizes well across multiple tasks and 

environments. 

Learning Speed Longer training times, especially when 

tasks change. 

Faster learning due to accumulated 

knowledge from previous tasks. 

Task 

Performance 

Optimized for single-task performance, 

often at the cost of flexibility. 

Flexible performance across different tasks 

with comparable efficiency. 

Table 2: Comparison of Traditional Reinforcement Learning (RL) and Meta-Learning in RL [5] [1] [4] 

[7] [9] 

 

Uses 

Meta learning combined with reinforcement 

learning has been widely applied in fields 

due to its capability to enable quick 

adjustment and generalization of knowledge 

across different scenarios. One significant 

area where this approach is particularly 

utilized is in robotics technology where 

robots functioning in changing environments 

require the ability to swiftly adapt to new 

tasks and situations like exploring unfamiliar 

terrains or manipulating objects of diverse 

shapes and sizes [5]. Through learning 

techniques implemented in these robots 

systems they are able to leverage past 

experiences to tackle new challenges without 

the need, for extensive retraining. For 

example, meta reinforcement learning has 

been utilized to teach robots how to walk on 

surfaces adapt to varying environmental 

conditions and complete intricate tasks such 

as putting together parts, in real time [4].  

In healthcare settings well as in other fields 

of application for reinforcement learning 

technology such as healthcare, the utilization 

of meta learning is quite impactful. AI 

systems are frequently required to tailor their 

approach to the medical needs of individuals 

under care and deliver customized treatment 

methods. By employing learning techniques 

RL agents can swiftly modify their treatment 

strategies taking into consideration past 

patient information thus paving the way for 

personalized and, on the spot, healthcare 

services to become a tangible solution [9]. In 

fields like pharmaceutical research meta 

learning has the potential to boost the 

performance of reinforcement learning 

agents, in tweaking chemical mixtures by 

leveraging datasets and extending those 

findings to novel compounds significantly 

decreasing the timeline for creating 

successful therapies [1]. 
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Usage of Traditional RL vs Meta-Learning Enhanced RL Across Fields [6] [4] [8] 

 

 
Distribution of Meta-Learning Enhanced RL Usage Across Fields [5] [4] [10] 

 

Impact 

In areas where quick adjustments and quick 

decision making is crucial – like in 

autonomous technology such as self-driving 

cars – combining meta learning with 

reinforcement learning can bring about 

significant changes for the betterment of the 

systems as a whole. For instance, when faced 

with shifting road situations that it hasn't 

encountered before; a self-driving vehicle 

could benefit from meta reinforcement 

learning by adjusting its driving approach 

based on past experiences, from similar 

scenarios [3]. The quick adjustment boosts 

the trustworthiness and safety of self-driving 

systems so they can function smoothly in 

unexpected situations [9].  
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Moreover, in fields such as finance where 

market circumstances can change meta 

learning can be utilized to enhance trading 

algorithms. By studying past market data, a 

meta reinforcement learning agent can adjust 

its trading approach to match current market 

patterns without requiring extensive 

retraining. This boosts the flexibility and 

profitability of financial organizations by 

ensuring their systems can adapt to changing 

situations efficiently [5]. Learning enhanced 

reinforcement learning has the potential to 

revolutionize various industries by 

enhancing efficiency and adaptability while 

optimizing decision making processes on a 

broader scale. 

 

 
Comparison of Traditional RL vs Meta-Learning Enhanced RL [5] [1] [6] 

 

 
Impact of Meta-Learning on Various RL Aspects [6] [7] [2] 
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Scope 

The breadth of meta learning within 

reinforcement learning is extensive. Has 

implications beyond the realms of robotics 

and healthcare to independent systems as 

well. As AI advances further in its 

development stage it becomes crucial to have 

agents that are capable of adjusting to various 

and unforeseen circumstances [5]. Meta 

learning improves reinforcement learning by 

allowing agents to apply their knowledge 

across a variety of tasks ranging from AI 

gaming to industrial control systems in the 

realm of gaming as an illustration point. AI 

entities can employ meta learning to adjust 

tactics for game situations; even those that 

weren't directly instructed during the training 

phase. This enables the development of AI 

systems of providing challenges to human 

players across a range of games without the 

requirement for customized algorithms, for 

each situation [9].  

In education settings meta learning can be 

applied in tutoring systems to offer tailored 

learning experiences. These platforms adjust 

according to a students preferred learning 

method achievements and the complexity of 

subjects to enhance the delivery of 

educational materials [4]. Through the use of 

meta reinforcement learning techniques 

educational tools can make modifications 

that enhance student results with reduced 

reliance, on human involvement. With the 

rise of AI systems in actual situations meta 

learning will be vital, in developing strong 

systems that can adjust to different situations 

boosting the scalability and flexibility of AI 

uses [5]. 

 

CONCLUSION 

Meta learning has completely transformed 

the realm of reinforcement learning by 

providing answers to some of its issues like 

adaptability and generalization as well as 

efficiency in using samples. Meanwhile 

traditional reinforcement learning performs 

well in areas but faces challenges when it 

comes to adapting and generalizing to new 

tasks or environments without the need for 

extensive retraining [1]. Meta learning 

tackles these obstacles by empowering 

agents to grasp the art of learning itself 

thereby boosting their capacity to tackle 

tasks, with minimal data and training 

involved. This merging has created 

opportunities for use in robotics and 

healthcare as well as for autonomous systems 

and beyond. Enabling AI to function with 

greater efficiency and effectiveness, in 

changing surroundings [9].  

The increasing need for AI systems is leading 

to the expansion of meta learning within 

reinforcement learning applications across 

various industries like personalized 

healthcare and finance sectors as well as in 

education settings. It has the capacity to 

transfer knowledge effectively and adjust 

rapidly to situations thus paving the way for 

the development of more adaptable and 

resilient AI systems [5]. Goal oriented AI 

progress greatly hinges on advancements in 

meta learning algorithms which are crucial, 

in reaching a stage where general purpose AI 

is attainable, and we unlock the full potential 

of reinforcement learning [4]. 
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