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This whitepaper provides an overview of autonomous generative 

AI agents and their transformative power. AI agents are proactive 

and cognitive machines that are goal-oriented, capable of 

introspection, planning and refining their actions. They can 

collaborate easily and efficiently with humans and other agents 

using natural language. Additionally, these agents can utilize 

external tools and APIs. We strongly believe that they will 

transform many industries.

The value chain for AI agents is continuously evolving and the 

ecosystem comprises of Hyperscalers as well as new entrants. 

Despite their groundbreaking potential to revolutionize many 

tasks, AI agents face many implementation challenges 

surrounding them. These challenges arise because the agents 

are still in the early stages of development, and the industry has 

just begun to reap the benefits of this technology. Moreover, 

there is a significant bubble of misconceptions regarding how AI 

will impact various aspects of human life..

futurebridge.com
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Executive Summary

In the evolving landscape of artificial intelligence, AI agents are pivotal in transforming business operations by 

automating tasks, enhancing efficiency, and providing personalized customer experiences. AI agents, such as customer 

service chatbots, interact with their environment, collect data, and use it to perform self-determined tasks that meet 

predetermined goals. Large language models (LLMs) and generative AI models like GPT-3 and GPT-4 are the 

cornerstones of AI agent architectures and can be fine-tuned for specific industries, tasks, or functions.

The market for AI agents is rapidly expanding, driven by advances in machine learning and LLMs. North America stands 

at the forefront of AI agent development, followed by a fast-moving Asia Pacific market. The player ecosystem of AI 

agents is diverse, ranging from foundation model builders and agent builders to infrastructure providers and more.

Agent capabilities like tool use, self-reflection and multi-agent collaboration address inherent challenges of LLMs, such 

as hallucination (generating incorrect or outdated information) and incoherency. These capabilities significantly enhance 

the performance of AI agents, making them more accurate, robust and collaborative in real-world applications. Tools like 

Gorilla and Toolformer improve API interaction and self-supervised learning, while reflection techniques like SELF-

REFINE and Reflexion optimize outputs through iterative feedback. Multi-agent collaboration, exemplified by systems 

like AutoGen2 and CrewAI simplifies complex tasks by organizing them into structured dialogues among agents.

The proliferation of AI agents is highly dependent on the public perception of AI which varies globally. In developing 

countries, there is high awareness and optimism about AI applications, with many nations actively developing national 

AI strategies. In contrast, developed countries exhibit moderate awareness and more skepticism but possess greater 

economic capacity for AI research and development. Generational differences also influence AI adoption, with younger 

generations showing higher familiarity and engagement with AI technologies.

A crucial aspect of AI agents is their interaction with humans. As humans increasingly collaborate with agents for 

various tasks across multiple industries, addressing the challenges in human-AI collaboration becomes essential for the 

success of these agents. One significant challenge is functional opacity, which arises from the lack of transparency in 

the AI decision-making process, hindering effective teamwork and trust. The lack of transparency can also lead to 

Algorithmic aversion, where humans end up distrusting AI systems especially when they make mistakes. Response 

failure by AI systems can lead to reduced collaboration efficiency, disrupted communications, errors, and a loss of trust 

between humans and AI collaborators. Additionally, language-specific challenges emerge when humans struggle to 

decide on specific sequences of parameters, words, and phrases while communicating with AI agents. Addressing 

these challenges is critical for fostering effective and trustworthy human-AI collaboration, along with establishing 

accountability and reliability in the results.

Another significant research area is Social AI, which aims to build agents equipped with the ability to understand, 

interpret, and respond to social cues, emotions, and behaviors, enabling more natural and effective interactions. Social 

AI encompasses a range of applications, from virtual assistants and customer service bots to companion robots and 

collaborative agents in various domains. However, the field faces challenges in implementation due to ambiguity in 

social constructs, leading to misalignment in interpretation by different actors and annotators. AI agents' inability to 

accurately understand nuanced signals can result in delayed or incorrect responses. The multi-perspective 

interdependence in social interactions, where actors' perspectives, experiences, and roles can change over time and 

influence each other, poses a significant challenge in equipping Social-AI agents with the capacity to reason over these 

dynamic interactions. 
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Introduction

An artificial intelligence (AI) agent is a software program that can interact with its environment, collect data, and use the 

data and autonomously perform tasks aimed at achieving predetermined goals. These systems interpret environmental 

data, make decisions based on this information, and execute actions according to predefined algorithms and machine 

learning models. Through continuous learning and adaptation, AI agents evolve in their capabilities over time.

AI Agents are rational entities that can sense their environment through physical or software interfaces, such as sensors 

in a robotic agent or customer queries processed by a chatbot. The agent then uses this data to make informed 

decisions, predicting the best outcomes to meet predetermined goals. This involves analyzing the data to determine the 

next action, such as a self-driving car navigating road obstacles based on sensor data.

Key benefits of AI agents in business include improved efficiency through task automation, personalized customer 

interactions, scalability, and continuous availability. These advantages optimize resource allocation, drive cost savings, 

and provide valuable data-driven insights for strategic decision-making.

AI Agent Framework

In recent years, the spotlight has been on large language models (LLMs) and generative AI models that hold 

consolidated knowledge derived from vast amounts of text and information. These models have become the 

cornerstone of agent architectures (refer Exhibit 1) and can be further refined to suit specific industries, tasks, or 

functions. An agent’s typical operation involves querying the model by sending a piece of text that provides context, 

instructions, background information, or other relevant details. In response, the model generates an output, which can 

be a piece of text, an image, or a set of tokens. This interaction is fundamental to the functionality of agents.

Source: FutureBridge Analysis
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EXHIBIT 1: AI Agents Framework
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Source: FutureBridge Analysis

In advanced agent architectures, a query or input text is fed into the system, and the generated response undergoes 

several iterations of refinement. The response is cross-checked against predefined goals, existing memory, and 

external sources before being finalized. This iterative process allows the system to refine its thoughts, akin to how 

humans might use tools like calculators or conduct observations to enhance their conclusions.

A key innovation in this space is the integration of memory systems, which can store vast amounts of data for retrieval 

when needed. Techniques like retrieval-augmented generation (RAG) enable the AI to go beyond one-shot answers. 

Instead of providing a single response, the system can retrieve relevant documents, incorporate them into the prompt, 

and generate a more informed answer through multiple iterations.

Agent architectures can also define and follow sets of rules to ensure that the outputs align with specific goals. These 

systems decompose complex tasks into smaller sub-tasks, iteratively checking and refining each element to ensure 

comprehensive coverage and coherence. This ability to plan and verify sub-goals ensures that the AI can achieve the 

main objectives effectively.

The development of these sophisticated agent architectures marks a significant milestone in AI research. For the first 

time, AI systems can exhibit a form of "thinking" by engaging in internal questioning and answering processes before 

presenting a final response. This advancement brings AI closer to human-like reasoning and problem-solving 

capabilities, opening new possibilities for its application in various industries.

Types of AI Agents

AI agents can be categorized into distinct types: simple reflex, model-based reflex, goal-based, utility-based, learning 

agents, and multi-agent systems (refer Exhibit 2). Each type leverages unique capabilities—from rule-based actions to 

adaptive learning—to navigating complex environments and achieving predefined objectives.

EXHIBIT 2: Types of AI Agents

Operate on condition-action based rules derived from current perceptions; lacking in an internal 

model of the world, and are particularly effective in simple, structured environments.

Have an internal model of the world and use it to navigate partially observable environments, 

making decisions based on current perceptions and inferred information.

Anticipate future consequences, strategize to achieve desired outcomes, and excel in tackling 

complex decision-making tasks.

Assess the desirability of various states using a utility function, aimed at achieving goals and 

optimizing performance according to preferences.

Enhance their performance through experience, continuously adapting and evolving strategies 

to navigate dynamic environments.

Structured with levels where higher-level agents oversee lower-level ones, each level fulfilling 

specific roles contributing to overarching goals, making them effective for large-scale systems.

Involve multiple agents interacting towards common or individual goals, essential for complex 

tasks that demand coordination and collaboration among agents.
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Features of AI Agents

AI agents possess a variety of features that enable them to perform a wide range of tasks and provide valuable 

services. Some key features include:

▪ Autonomy: AI agents operate independently without constant human intervention, taking decisions and performing 

actions based on their programming and learned knowledge.

▪ Reactivity: AI agents can respond promptly to external stimuli or changes in their environment, ensuring timely and 

relevant reactions to dynamic conditions.

▪ Proactivity: Beyond just reacting, AI agents can anticipate future needs or issues and take preemptive actions, such 

as suggesting actions, offering recommendations, or initiating tasks before being explicitly asked.

▪ Learning Ability: AI agents possess the capability to learn from experience, data, and interactions, thus 

continuously improving their performance and expanding their knowledgebase over time.

▪ Sociality: AI agents can engage in social interactions, understanding and exhibiting social cues, and participating in 

conversations or activities that require social awareness and communication skills.

▪ Mobility: In the context of physical AI agents or robots, mobility refers to the ability to move and navigate through 

physical environments, enabling them to perform tasks that require physical presence and interaction.

To illustrate the features of an AI agent, let’s consider the example of John, a busy professional who depends on an AI 

agent to autonomously manage his calendar (refer Exhibit 3).

Situation: John's morning meeting gets cancelled and an urgent email requests a 

rescheduled time slot. The AI agent detects both the cancellation and the urgency. It 

promptly reschedules the meeting to the first available slot that accommodates all 

attendees.

Autonomy
Work without human 

intervention or guidance

Situation: John's morning meeting gets cancelled and an urgent email requests a 

rescheduled time slot. AI agent instantly detects the cancellation and the urgency of 

the email, and promptly reschedules the meeting to the first available slot that fits all 

attendees' schedules

Reactivity
Respond to

environmental shifts

Knowing that John has a busy day ahead, AI agent can proactively suggest a reminder 

for John to take short breaks and even pre-schedules these breaks in his calendar to 

ensure he has time to recharge.

Proactivity
Anticipate future 

requirements and act

AI Agents learns from John's behavior and preferences. For example, if John 

frequently prefers to have meetings in the afternoon, the agents adapt by scheduling 

future meetings during that period whenever possible. Additionally, agents learns which 

emails are typically marked as important by John and prioritize those in his inbox.

Learning Ability
Adapt and refine

actions to achieve goals

Agents can collaborate with other AI assistants. When scheduling a meeting involving 

multiple people, AI Agents can communicate with the assistants of the other attendees 

to find a mutually convenient time, ensuring a smooth coordination process.

Sociality
Collaborate with humans 

and other agents

AI Agents can operate across John's various devices and environments. Whether John 

is using his smartphone, laptop, or smart home devices, it can seamlessly integrate 

and operate within these different platforms, providing consistent assistance no matter 

where John is.

Mobility
Operate across platforms 

and environment

EXHIBIT 3: Features of AI Agents
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Market Landscape

Player Ecosystem
A typical player ecosystem consist of foundational models that are pre-trained AI bases, agent builders who create and 

manage AI agents and infrastructure companies provide the necessary computing resources for AI deployment. (refer 

Exhibit 5)

Foundation Model Builders

Foundation model builders create the underlying architectures and pre-trained models that serve as the backbone for AI 

agents. They focus on developing and fine-tuning large-scale neural networks that can understand and generate 

human-like text. Their work is crucial for ensuring the AI agents have a robust and versatile language understanding.

EXHIBIT 4: AI Agent Market Dynamics 

Market Dynamics

The global market for Agents AI technology was USD 4.8 billion in 2023, driven by robust adoption and technological 

advancements. With a projected Annual Compounded Growth Rate (CAGR) of 43% expected through 2028, the market 

is poised to reach USD 28.5 billion. 

North America stands at the forefront of the Agents AI market, driven by early and extensive adoption across industries. 

The region's dominance is bolstered by the active participation of tech giants, whose innovations and investments play 

a pivotal role in shaping market dynamics. The Asia-Pacific region emerges as the fastest-growing market for Agents 

AI, fueled by the rapid economic growth of its constituent nations (refer Exhibit 4). Significant government investments 

in AI infrastructure and research initiatives contribute substantially to this momentum. Moreover, the region benefits 

from a large and skilled workforce, which enhances its capacity for innovation and adoption of AI technologies across 

diverse sectors. 

CAGR 43% 

Growth Rate

(till 2028)

MARKET OVERVIEW

US$ 4.8

Billion
Global market 

size (2023)

US$ 28.5

Billion
Estimated Market

Size (2028)

REGIONAL INSIGHTS

North America

Leading the market

▪ Early adoption of technology

▪ Large pool of tech giants

▪ Government Initiatives

APAC

Experiencing fastest growth

▪ Rapidly growing economies

▪ Government investments in AI

▪ Large workforce
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Source: FutureBridge Analysis

EXHIBIT 6: Use of AI Agents in Major Industries
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▪ Therapy Sessions 

Healthcare

▪ Personalized tutors

▪ Creating sample problems

▪ Lesson Planning

▪ One-on-one tutoring 

Education

▪ Automated coding

▪ Planning and executing 

tasks

▪ Content creation

▪ Autonomously find and fix 

bugs

▪ Executing pre-programmed 

actions

▪ Procedural Content 

Generation

▪ Executing Natural 

Language Instructions

▪ Adaptive Difficulty

GamingCoding

Industry Applications

AI agents are revolutionizing diverse industries with their versatile applications (refer Exhibit 6). In healthcare, they 

streamline administrative tasks, aid in triage and emergency prioritization, and support decision-making with evidence-

based recommendations and predictive analytics. Additionally, AI agents provide mental health support and enhance 

physical therapy through personalized interventions. In education, AI offers personalized tutoring, generates tailored 

practice problems, assists in lesson planning, and provides real-time, one-on-one support across various subjects, 

catering to individual learning needs effectively. In the coding industry, AI agents improve efficiency by suggesting code, 

detecting and bug fixing, planning tasks, and retrieving relevant knowledge swiftly, thereby enhancing software 

development processes. Furthermore, in gaming too, AI agents execute predefined actions and comprehend natural 

language commands, enriching player interaction and autonomy within complex virtual environments. These 

advancements underscore AI's transformative impact across healthcare, education, coding and gaming, thereby 

promising enhanced efficiency, personalized experiences and innovative solutions in each domain.

Foundation Models Agent Builders Infrastructure 

EXHIBIT 5: Player Ecosystem

Agent Builders

AI agent builders leverage foundation models to create specialized applications and services. They design and 

implement interactive agents capable of tasks such as customer service, content generation, and data analysis. Their 

goal is to tailor these agents to specific industries or user needs, enhancing usability and performance.

Infrastructure Providers

Infrastructure providers offer the necessary computational resources and platforms to deploy, scale, and manage AI 

agents. They ensure that AI models have the required processing power, storage and networking capabilities. Their 

services include cloud computing, data centers+ and specialized hardware, which are essential for the efficient 

operation of AI agents.

https://www.adept.ai/
https://www.instalily.ai/
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Agentic Reasoning Design Patterns in Large Language 

Models – Literature Review

Agentic reasoning refers to the capability of an AI system to independently perceive its environment, reason about 

goals, formulate plans, and take actions to achieve desired outcomes. Design patterns for agentic reasoning provide 

frameworks and architectures to build AI agents with these abilities. Currently, most interactions involve non -agentic 

workflows where tasks are completed with a single prompt and response, such as asking a language model to 

summarize an article, which ends once the summary is provided. However, combining non-agentic workflows with 

agentic workflows can lead to highly accurate outputs through a more iterative process. For example, instead of just 

summarizing an article, a language model could identify key points that need further explanation, conduct additional 

research to provide relevant context, refine the summary, and evaluate its comprehensiveness. This iterative 

approach yields significantly better results, a fact that is often overlooked.

Tool Utilization and Integration

Large Language Models (LLMs) can function as agents by leveraging external tools such as web search, code 

generation tools and more. These tools enhance the ability to gather information, perform actions and manipulate 

data. 

The design of intelligent agents involves optimizing performance through various strategies, with tool utilization being 

a key component. By integrating and effectively using external tools, LLMs and intelligent agents can handle complex 

tasks more efficiently. We review recent advancements in this area, focusing on three significant research 

contributions: Gorilla, Toolformer, and Internet-Augmented Dialogue Generation. These studies illustrate 

innovative methods by which LLMs improve their accuracy, relevance, and overall performance.

Gorilla: Bridging the Gap Between LLMs and APIs

Gorilla addresses the hallucination problem by enhancing the accuracy of API call generation. Built on the LLaMA 

framework, Gorilla is fine-tuned specifically for API interaction and incorporates a sophisticated document retriever. 

This allows it to adapt seamlessly to changes in API documentation, significantly reducing hallucination errors. By 

providing more reliable and precise outputs, Gorilla becomes suitable for tasks that require real -time and accurate 

information retrieval [4]

Toolformer: Empowering LLMs to Teach Themselves 

Toolformer introduces a self-supervised learning approach to overcome challenges in basic task performance. This 

model autonomously learns how to use external tools via simple APIs, mastering the nuances of API calls, 

determining appropriate arguments, and integrating results with minimal human intervention. By leveraging this self -

teaching capability, Toolformer enhances its performance across various tasks such as calculations, question 

answering, language translation, and schedule management. This not only boosts zero-shot performance but also 

positions Toolformer competitively against larger LLMs in diverse application domains. [5]

Internet-Augmented Dialogue Generation: Keeping Knowledge Current

To tackle the issue of outdated knowledge, Internet-Augmented Generation enables LLMs to dynamically access and 

integrate current, relevant information from the internet. By generating search queries based on conversation context, 

LLMs equipped with this capability can provide up-to-date and accurate information during interactions. This 

approach enhances the model's reliability in applications where staying current with events and developments is 

crucial. [6]

https://arxiv.org/pdf/2305.15334
https://arxiv.org/pdf/2302.04761
https://arxiv.org/pdf/2302.04761
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Reflection

Reflection in agentic reasoning allows Large Language Models (LLMs) to improve their outputs through self -

assessment and feedback. Like human self-reflection and peer feedback, LLMs can learn from evaluating their 

responses and assessing why they might be incorrect, ultimately generating better results. This process is a 

fundamental aspect of the agentic workflow and is integral to techniques such as Chain of Thought prompting. Here 

we have reviewed three techniques where AI agents have refined their actions based on self evaluation and 

reflection.

▪ SELF-REFINE tackles the issue through iterative self-feedback. Initially, an LLM generates an output, which it 

then evaluates internally. Based on this evaluation, the model provides feedback on how to improve the output. 

This iterative process continues, with each cycle refining the output further. By leveraging few short prompting 

techniques, SELF-REFINE facilitates continuous improvement without the need for additional training data or 

complex reinforcement learning methods. [7]

▪ “Reflexion” introduces a paradigm shift by employing verbal reinforcement learning instead of directly updating 

model weights. In this framework, language agents accumulate verbal feedback from tasks in the form of textual 

summaries. These summaries are stored in episodic memory and serve as learning experiences to enhance 

decision-making in subsequent interactions. By integrating verbal summaries into their decision-making 

processes, language agents can make informed choices without extensive training iterations or model updates. [8]

▪ Meanwhile, ProTeGi addresses the challenge of prompt optimization by automating the process using a gradient 

descent-like approach inspired by numerical optimization techniques. This method uses training data and the LLM's 

API to iteratively refine prompts, improving their precision and effectiveness. By generating "natural language 

gradients" that critique and refine prompts based on their performance with the data, ProTeGi streamlines the 

manual trial-and-error process of prompt writing, thereby enhancing efficiency in various natural language 

processing tasks.[9]

Multi Agent Collaboration

Multi-agent collaboration in agentic reasoning involves multiple intelligent agents working together to achieve a common 

goal, leveraging their individual strengths to tackle complex tasks more efficiently than a single agent. This advanced 

design pattern orchestrates multiple agents, each powered by LLMs, to collaboratively handle intricate tasks. For 

instance, in medical diagnostics, different agents can specialize in tasks such as symptom analysis, patient history 

review, treatment recommendations, and outcome prediction, where each contributes its expertise to provide 

comprehensive and accurate diagnostic assessments.

AutoGen2: Simplifying Multi-Agent LLM Applications

AutoGen2 exemplifies the potential of multi-agent LLMs by introducing customizable and conversable agents. These 

agents, powered by advanced LLMs like GPT-4, engage in dialogues, receive feedback, and autonomously refine their 

outputs. AutoGen2 simplifies the complexity of building LLM applications in several ways:

▪ Customizable Agents: Developers can define agent roles and behaviors, tailoring them to specific tasks such as 

coding, execution, validation, and integration of human feedback.

▪ Structured Conversations: Programming interactions as multi-agent conversations streamlines complex workflows, 

making applications more flexible and adaptable.

▪ Reduced Development Effort: By organizing tasks into structured dialogues, AutoGen2 reduces the effort required to 

develop sophisticated LLM applications.

Empirical studies highlight AutoGen2's effectiveness across diverse applications, demonstrating its potential to optimize 

LLM performance in real-world tasks across various domains.[10]

https://arxiv.org/pdf/2303.17651
https://arxiv.org/pdf/2303.11366
https://arxiv.org/pdf/2305.03495
https://arxiv.org/pdf/2308.08155
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Source: IPSOS – Global views on AI 2023

Public Perception on AI

The effectiveness of AI agents hinges on how the public perceives and understands AI. Therefore, analyzing public 

perceptions of AI across different geographic regions and age groups becomes crucial. The Ipsos survey conducted 

across 28 countries provides valuable insights into how AI is perceived worldwide. 

Opinions across geographies

The data reveals distinct trends based on economic development, with wealthier nations often exhibiting more 

skepticism towards AI products and services. Countries like France, the United States, and Germany demonstrate 

moderate to high levels of acceptance regarding the benefits of AI, correlating with higher GDP per capita figures. 

Conversely, developing economies such as China and India show stronger enthusiasm towards AI, viewing it as a tool 

that simplifies daily life and anticipates profound future impacts. (refer Exhibit 7)
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EXHIBIT 7: International Perception of Artificial Intelligence’s Impact
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https://aiindex.stanford.edu/wp-content/uploads/2024/04/HAI_AI-Index-Report-2024_Chapter9.pdf
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Developing Countries: High Awareness and Optimism

In developing countries, there is a high level of awareness and optimism about AI applications. Countries like 

Indonesia (78%), Thailand (74%), Turkey (69%), and South Korea (66%) show a notable percentage of the 

population who are aware of the products and services that use AI. As of October 2021, 44 countries were reported 

to have their own national AI strategic plans, showing their willingness to forge ahead in the global AI race. Emerging 

economies like China and India are leading the way in building national AI plans within the developing world. These 

countries see AI as a transformative force that can reshape their economies and bridge critical gaps in sectors such 

as education, healthcare, and legal services .[1]

Developed Countries: Moderate Awareness but Leading in AI Development

In contrast, developed countries show moderate awareness levels regarding AI applications. For example, countries 

like the United States (37%), Canada (38%), Japan (52%), and Germany (42%) have lower percentages compared to 

many developing countries. Despite this, the developed world has an inevitable edge in making rapid progress in the 

AI revolution. With greater economic capacity, these wealthier countries are naturally best positioned to make large 

investments in the research and development needed for creating modern AI models. [2]

Opinions across generations

The perception and understanding of AI vary significantly across different generations owing to factors such as 

technological exposure, societal norms, and individual attitudes towards innovation. (refer Exhibit 8)

Source: IPSOS: Global views on AI 2023

72% 69% 67% 59%59% 57% 48%
36%

Gen Z Gen Y Gen X Baby Boomers

Understand what AI is Know Products and Services used in AI Perception on AI

EXHIBIT 8: Generational Differences in Understanding and Perception of Artificial Intelligence

Generation Z demonstrate the highest understanding of what AI is, with 72% showing familiarity. This generation grew 

up with technology and is highly adaptable to new advancements. Additionally, 59% of Gen Z know about the products 

and services that use AI, reflecting their engagement with modern technologies in their daily lives. 

Generation Y exhibits a solid understanding of AI, with 69% showing familiarity. Moreover, 57% of Gen Y are aware of 

AI applications, indicating a strong awareness and engagement with AI technologies. 

Generation X shows a relatively good understanding of AI, with 67% demonstrating familiarity. However, only 48% 

know about AI products and services, indicating a lower engagement with newer AI technologies compared to younger 

generations. Gen Xers often balance traditional practices with new technologies, making them crucial mediators in the 

workplace between older and younger colleagues. 

Baby Boomers have the lowest understanding of AI, with 59% showing familiarity. Only 36% are aware of AI 

applications, reflecting a gap in engagement with newer technologies compared to younger generations. This 

skepticism can be attributed to a lack of exposure and a tendency to rely on traditional methods.

https://tradebrains.in/features/ai-developing-nations/
https://aiindex.stanford.edu/report/
https://www.ipsos.com/sites/default/files/ct/news/documents/2023-07/Ipsos%20Global%20AI%202023%20Report-WEB_0.pdf
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Source: FutureBridge Analysis

Human- AI Collaboration

Recent advancements in the cognitive capabilities of generative artificial intelligence (Gen AI) agents have allowed them 

to move beyond their traditional role as mere tools. Now, these AI agents function as collaborative team members, 

working alongside humans to accomplish complex tasks such as creating images, writing code, and developing blogs. 

This marks a significant transformation in AI integration into creative and technical processes, enhancing productivity 

and fostering innovative collaboration. (refer Exhibit 9)

EXHIBIT 9: Challenges and Open Questions in Human-AI Collaboration Research

Open Challenges and Opportunities

CHALLENGES OPEN QUESTIONS 

▪ How can explainable AI techniques be developed to 

effectively convey the decision-making processes of AI 

systems to human collaborators without oversimplifying 

complex algorithms?

▪ What measures can be implemented to ensure accountability 

in human-AI collaborations, given the inherent opacity of AI 

decision-making processes?

As AI systems increasingly collaborate with humans to 

accomplish complex tasks, the lack of transparency in AI's 

decision-making processes can hinder effective teamwork and 

trust. When humans cannot fully understand how an AI agent 

arrives at its recommendations or actions, it becomes difficult 

to assess the validity and reliability of those outputs. This 

opacity can lead to issues in accountability.

Functional Opacity

▪ How can we develop AI systems that transparently 

communicate their decision-making processes and limitations 

with human collaborators to mitigate algorithmic aversion?

▪ What training methodologies can be implemented to better 

align human expectations with the actual performance and 

capabilities of AI systems, thereby improving trust and 

collaboration in human-AI teams

Algorithmic aversion in human-AI collaboration is the tendency 

to distrust AI systems, especially when they make mistakes, 

due to factors like lack of transparency, perceived 

incompetence and fear of bias. Addressing these issues 

through better transparency, explainability and fairness can 

help build trust and enhance collaboration.

Algorithmic Aversions

▪ How can the training algorithms be improved, and more 

robust error-handling mechanisms and clearer guidelines be 

incorporated for human-AI interaction?

Response failure happens when an AI agent gives an 

inaccurate or inappropriate reply, disrupting communication 

and workflow. This can result from insufficient training data, 

unclear instructions, or algorithm limitations. These failures 

reduce collaboration efficiency, cause errors, and erode trust 

between human and AI collaborators.

Response Failure 

▪ How can AI systems be improved to better handle syntactic 

and semantic variability in human instructions, reducing the 

need for human agents to learn specific sequencing and 

terminology for effective communication?

Syntactic challenges refer to the human agent’s difficulty in 

deciding specific sequence of parameters and words in their 

instructions to agents.

Semantic challenges refer to human agents’ difficulty in 

choosing specific words, phrases and parameter values while 

instructing the agents. 

Pragmatic challenges refer to the human agent’s difficulty in 

ensuring the correct context-specific interpretation of their 

instructions by the agents.

Language Specific Challenges 
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Social AI

Social AI agents are advanced artificial intelligence systems designed to understand, interpret, and engage in human-like 

social interactions. These agents leverage a combination of machine learning, natural language processing, and social 

signal processing to mimic human social behaviors and communication patterns. By recognizing and generating nuanced 

social cues such as tone of voice, facial expressions, body language, and contextual language use, Social AI agents aim 

to create more natural and effective interactions with humans.

The importance of Social AI agents lies in their potential to revolutionize various fields by enhancing human-computer 

interaction. In customer service, they can provide more empathetic and personalized responses, improving customer 

satisfaction and efficiency. In healthcare, Social AI agents can offer companionship and support to patients, particularly the 

elderly or those with mental health issues. In education, they can tailor learning experiences to individual needs, providing 

instant feedback and encouragement. Moreover, in collaborative work environments, Social AI agents can facilitate better 

communication and coordination among team members. By making interactions more intuitive and human-like, Social AI 

agents hold the promise of making technology more accessible and beneficial across a wide range of applications.

Social AI research has accelerated in recent years, which has further led to more challenges and associated open 

questions for the research community. (refer Exhibit 10)

Source: FutureBridge Analysis

EXHIBIT 10: Challenges and Open Questions in Social AI Agent's Research

CHALLENGES OPEN QUESTIONS 

▪ How to best design frameworks that accommodate flexible 

and dynamic label spaces in modeling social constructs.

Social constructs are inherently ambiguous in their definitions 

and interpretations. This ambiguity is further complicated when 

dealing with hierarchical constructs composed of other social 

constructs. While modeling these constructs, there is often 

misalignment in how different actors and annotators interpret 

them, which amplifies the ambiguity in establishing a ground 

truth.

Ambiguity in constructs

▪ To what extent can language be treated as an intermediate 

representation to connect and integrate nuanced multimodal 

social signals?

▪ Are there social signals during interactions that cannot be 

effectively described in language?

Social constructs are communicated through subtle behaviors 

and signals, which can vary in timing and methods across 

different people. Small changes in these signals can lead to 

significant shifts in meaning. The challenge for Social-AI 

agents is to accurately understand and produce these detailed 

signals, using both verbal and nonverbal information to 

interpret complex interactions.

Nuanced signals

▪ How can researchers create models for Social-AI agents to 

perceive concurrent, interdependent perspectives of actors 

during interactions?

▪ To what extent would a single, joint model be more effective 

than multiple models to represent social phenomena across 

an interaction?

In social interactions, actors' perspectives, experiences, and 

roles can change over time, influencing and being influenced by 

other actors' perspectives. This multi-perspective 

interdependence poses a challenge in equipping Social-AI 

agents with the capacity to reason over these dynamic 

interactions.

Multiple Perspectives 

▪ How can modeling paradigms and metrics be tracked for 

Social-AI agents to estimate how successful they are in 

achieving social goals, based on explicit and implicit signals?

▪ How can shared social memory be built between Social-AI 

agents and other actors in interactions, and how can this 

memory inform algorithms for learning from social signals?

Social AI agents need to learn from multiple kinds of social 

interactions that include implicit and social signals that are 

fleeting, sparse and context dependent. Since humans are 

unaware of the agent’s goals, the likelihood of humans providing 

the feedback is low. Alignment in these social expectations will 

be necessary for Social-AI agents to effectively adapt behavior in 

relation to other actors and achieve long-term social goals. 

Agency and Adaptation
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Conclusion

AI agents are emerging as a fundamental tool for various industries and driving significant productivity increases 

characterized by innovation and rapid adoption. Powered by LLMs, AI agents can learn from diverse sources of 

information and adapt their responses based on context and user preferences. This ability to have goals, decompose 

goals in smaller coherent tasks, self-reflection and correction empowers AI agents to handle complex tasks 

robustly. They already perform well in customer interactions, content creation and even decision-making processes, 

with unprecedented accuracy and efficiency. The LLMs based AI agents promise to make human machine interaction 

more streamlined and graceful, creating opportunities for furthering intuitive and responsive AI-driven experiences. As 

research continues to push the boundaries of language understanding and generation, LLM-powered AI agents are set 

to play an increasingly central role in shaping the future of work through digital assistants, virtual companions, and 

automated decision-making systems.

Despite their significant benefits, AI agents face several hurdles that necessitate careful consideration. Public 

perception, shaped by concerns over data privacy, algorithmic transparency, and ethical implications, influence adoption 

rates and regulatory frameworks being the primary few. Addressing these concerns through transparent design, 

rigorous testing, and ethical guidelines will be crucial in fostering trust and maximizing the societal benefits of AI agents. 

Furthermore, technical challenges such as bias mitigation, continuous learning capabilities, and interoperability across 

platforms remain critical areas for research and development. Collaborative efforts among researchers, industry 

leaders, and policymakers will be essential in overcoming these challenges and ensuring that AI agents contribute 

positively to global technological advancement.

Looking ahead, the future of AI agents promises continued evolution and integration into everyday life, driving 

efficiencies across sectors while reshaping human-machine interactions. As advancements in AI technology accelerate, 

stakeholders must remain vigilant in promoting responsible deployment and proactive regulation to harness the full 

potential of AI agents in a manner that is ethical, equitable, and sustainable for society.
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