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Abstract 

AI agents and generative AI systems are increasingly becoming integral across sectors such as healthcare, finance, and creative 

industries. However, the rapid evolution of these systems has outpaced traditional evaluation methods, leaving gaps in 

evaluating them. This paper proposes a comprehensive Key Performance Indicator (KPI) framework spanning across five 

vital dimensions – Model Quality, System Performance, Business Impact, Human-AI Interaction, and Ethical and 

Environmental Considerations – to holistically evaluate these systems. Drawing insights from multiple studies, benchmarks 

like MLPerf, AI Index and standards like the EU AI Act [1] and NIST AI RMF, this framework blends established metrics 

like accuracy, latency and efficiency with novel metrics like “ethical drift” and “creative diversity” for tracking AI’s moral 

compass in real time. Evaluated on systems like GPT-4, DALL-E 3 and MidJourney, and validated through case studies such 

as Waymo [1] and Claude3, this framework addresses technical, operational, and ethical dimensions to enhance accountability 

and performance. 
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I. INTRODUCTION 

 

AI agents are designed to autonomously pursue goals 

in applications such as robotic navigation and decision 

support, while generative AI is used for creating content and 

synthesizing outputs like text and images using models like 

GPT4, Stable Diffusion, DALLE. Due to the 

nondeterministic nature of these models, challenges such as 

biases, hallucinations, unpredictable behaviours, and ethical 

risks like stochastic parroting or mode collapse arise, 

thereby, rendering traditional software KPIs inadequate. 

These systems demand evaluation beyond conventional 

metrics like accuracy, F1score and perplexity. 

 

This paper introduces a multidimensional KPI 

framework to rigorously assess these systems, benchmark 

AI agents and generative AI holistically. Drawing insights 

from technical literature (NeurIPS, ICML, and arXiv 

studies on model interpretability), ethical frameworks 

(OECD AI Principles [2], IEEE Ethically Aligned Design 

[3]), and the industry practices (Google’s Model Cards [4], 

Microsoft’s Responsible AI Toolkit [5]), this framework 

defines and categorizes KPIs primarily into five categories: 
 

 Model Quality: Assesses output correctness, reliability 

and creativity (e.g., accuracy).  
 System Performance: Evaluates computational 

efficiency and robustness (e.g., latency).  

 Business Impact: Measures economic and operational 
value (e.g., ROI).  

 Human-AI Interaction: Gauges usability, trust and 

engagement (e.g., user satisfaction).  
 Ethical and Environmental Considerations: Ensures 

fairness, transparency and sustainability (e.g., bias 

metrics). 
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Fig 1 Summary of KPI Categories and Metrics 

 

II. LITERATURE SURVEY 
 

AI has evolved leaps and bounds and so did AI 

evaluation methods. The evaluation of AI systems has been 

extensively researched, and various metrics were proposed 

to assess different performance aspects. For example, AI 

agents employing reinforcement learning, KPIs often 

include “cumulative reward” [6] to measure the total reward 

an agent accumulates over time. Another common metric is 

the “policy convergence rate” [6] to indicate how quickly 

an agent learns an optimal policy. 

 

When it comes to Generative AI, “perplexity” is 

leveraged to quantify how well a model predicts a sample, 

especially in natural language processing [10]. In image 

generation models, metrics such as “Inception Score (IS)” 

and “Fréchet Inception Distance (FID)” [14] assess the 

quality and diversity of generated images. 

 

Beyond technical performance, ethical and user 

centric metrics are gaining prominence. Fairness metrics 

like “demographic parity” [13] evaluate whether AI systems 

treat different demographic groups equitably. 

 

Explainability metrics, such as SHAP (SHapley 

Additive exPlanations), enhance transparency by providing 

insights into model decisions. 
 

Despite all these advancements, selecting KPIs that 

balance multiple objectives and adapt to AI systems' 

dynamic nature is still challenging. Mentioned below are 

some critical shortcomings persisting even today. 

 Adaptability: Metrics for continual learning or multi-
modal AI remain underdeveloped. 

 Ethics: Societal impact and long-term risks (e.g., ethical 

drift) are underexplored. 

 Integration: KPIs rarely balance technical, ethical, and 
user needs holistically. 

 

This study bridges these gaps through a systematic 

review and practical application analysis. 

 

III. METHODOLOGY 

 

A systematic literature review was conducted to 

identify and evaluate KPIs for AI agents and generative AI. 

This review included literature from top-tier sources 

(NeurIPS, ICML, IEEE Xplore, ACM Digital Library and 

arXiv), research papers, conference proceedings, and 

industry reports from reputable organizations like Google 

and OpenAI published between 2015 and 2024.  

 

Industry case studies on Waymo’s autonomous 

driving [1] and Midjourney’s image generation were also 

analysed to understand practical KPI applications [44]. The 

selected KPIs were then categorized into five groups and 

evaluated for measurability, domain applicability, and 

ethical alignment. 

 

IV. EXPERIMENTAL RESULTS 
 

The proposed KPI framework is designed for 

evaluating AI agents and generative AI systems. It is 

structured across five key categories: Model Quality, 
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System Performance, Business Impact, Human-AI 

Interaction, and Ethical and Environmental Considerations. 

This framework is developed by integrating precise 

measurable metrics to assess technical excellence, 

operational efficiency, user value, business outcomes, and 

responsible AI deployment, while being open to future 

innovations. 

 

 Model Quality KPIs:  

These KPIs focuses on the correctness, reliability, and 
creativity of AI outputs. 

 

 Accuracy and Precision: Quantifies output correctness 

using metrics like precision, recall, F1 score, and 

domain-specific benchmarks (e.g., BLEU for text, FID 

for images). 

 Task Completion Rate: Measures the percentage of 

successfully completed tasks for AI agents, emphasizing 

goal-oriented performance. 

 Hallucination Rate: Tracks the frequency of fabricated 

or unsupported outputs in generative AI, critical for 

trustworthiness. 

 Output Consistency: Evaluates repeatability of 

responses under identical inputs, ensuring reliability. 

 Content Fidelity: Assesses alignment of outputs with 

intended meaning or ground truth, including cross-

modal coherence for multi-modal systems. 

 Creativity and Diversity: Measures novelty (e.g., via 

originality scores) and semantic variety (e.g., entropy of 

outputs) in generative AI content. 

 

 System Performance KPIs:  

These KPIs evaluates operational efficiency and 
robustness of AI systems. 

 

 Latency and Throughput: Monitors response time (e.g., 

milliseconds) and operations per unit time (e.g., 

queries/second) for real-time applications. 

 Resource Utilization: Tracks usage of computational 

resources (e.g., GPU/CPU load, memory) to assess 

scalability and cost. 

 Error Rate and Recovery: Quantifies system failures 

(e.g., downtime percentage) and recovery time from 

adversarial or unexpected inputs. 

 Computational Efficiency: Measures resource 

demands relative to task complexity (e.g., FLOPs per 

watt), optimizing energy use. 

 Scalability Index: Assesses performance stability under 

increasing data volume or task complexity (e.g., 

throughput drop-off rate). 

 

 Business Impact KPIs:  

These KPIs links AI performance to organizational 
value and market outcomes. 

 Return on Investment (ROI): Calculates net financial 

gains relative to deployment costs, encompassing 

revenue and savings. 

 Cost Savings: Quantifies reductions in operational 

expenses (e.g., automation-driven labor cost decreases). 

 Productivity Improvements: Measures efficiency 

gains (e.g., tasks completed per hour) due to AI 

integration. 

 Market Impact: Tracks business growth metrics, such 

as customer acquisition rate, retention, and AI-driven 

innovation (e.g., new product launches). 

 

 Human-AI Interaction KPIs: 

 These KPIs assesses usability, trust, and engagement 
from the user perspective. 

 

 User Satisfaction and Trust: Captures subjective 

feedback via surveys (e.g., Net Promoter Score) and 

behavioural indicators (e.g., repeat usage), measured 

longitudinally for depth. 

 Adoption and Engagement: Quantifies initial uptake 

(e.g., user onboarding rate) and ongoing interaction (e.g., 

session duration, frequency). 

 First-Time Resolution Rate: Evaluates the percentage 

of user queries or tasks resolved without follow-up, 

reflecting efficiency and clarity. 

 Personalization Effectiveness: Measures the relevance 

of tailored outputs (e.g., user preference alignment 

score), enhancing individual experiences. 

 

 Ethical and Environmental Considerations:  
These KPIs ensures responsible AI deployment 

aligned with societal and ecological goals. 

 

 Bias and Fairness: Assesses equity across 

demographics (e.g., demographic parity ratio) and 

contexts (e.g., counterfactual fairness scores). 

 Transparency and Explainability: Quantifies 

interpretability using tools like SHAP or LIME scores, 

fostering user and regulatory trust. 

 Environmental Impact: Tracks sustainability metrics, 

such as carbon footprint (e.g., kg CO₂e per inference) 

and energy efficiency (e.g., joules per task). 

 Autonomy Accountability: For future autonomous 

systems, measures decision-making oversight (e.g., 

human-in-loop intervention rate), ensuring ethical 

control. 

 Ethical Drift: Long-term ethical degradation, defined as 

ΔE= (∣Et−E0∣)/t, where Et is the fairness score at time t 
and E0 is the initial score. Example: A drop from 0.9 to 

0.8 over 60 days yields an Ethical degradation ΔE of 

0.0017/day. 
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Fig 2 Ethical Drift Over Time 

 

V. DISCUSSION 

 

This proposed KPI framework is a good foundation for 

evaluating AI agents and generative AI. For generative 

tasks where creativity is prioritized over precision, there is 

an imminent need to augment the traditional metrics like 

accuracy and latency with new indicators like the 

“hallucination rates” and “ethical drift”.  

 

Between KPIs, there will be some trade-offs. Like, if 

you consider improving an aspect like “computational 

efficiency”, it might result in reducing another aspect like 

the “content quality”. This example calls out the need for 

context-specific prioritization. Having ethical 

considerations like the “fairness” and “explainability” 

metrics integrated into the framework makes it applicable 

for evaluating high-stakes applications and ensuring 

responsible AI deployment.  

 

Despite the challenges to standardize the metrics 

across industries and adapt them to the fast-changing AI 

dynamics, this framework can perform comparisons across 

models and thereby, enhances transparency.  

 

However, there must be future research with 

continuous real-time monitoring and developing dynamic, 

context-aware benchmarks to refine KPI assessments. 

 

A. Case Studies 

 
 Autonomous Agents: 

 

 Waymo Autonomous Driving:  
Waymo’s autonomous driving system excelled in 

urban environments, achieving near-perfect perception 

accuracy and rapid adaptability. However, the Bias Index 

revealed weaker performance in rural areas, likely due to 

less diverse training data or infrastructure challenges. The 
0.1% failure rate in the edge cases underscores limitations 

in handling rare but critical scenarios, such as adverse 

weather conditions. 

 

 Key Metrics: 

  

 Goal Achievement Rate (GAR): 98% — indicating 

high reliability in completing driving tasks. 

 Real-Time Adaptation: 0.3 seconds — demonstrating 

swift responses to environmental changes [1]. 

 Bias Index: Highlights performance disparities between 

urban and rural settings. 

 Perception Accuracy: 99.9%, with a 0.1% failure rate 

in edge cases (e.g., fog or heavy rain). 

 

 Context:  
These metrics aligned with industry benchmarks from 

Waymo’s safety reports and studies on autonomous vehicle 

ethics, emphasizing the need for robust generalization and 

safety KPIs. 
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Fig 3 Waymo’s Performance  m Five KPI Dimensions 

 

 Tesla FSD v12: 

 Tesla FSD v12 was a significant step towards 

autonomy. It showed a 30% improvement in 

disengagement rate reflecting enhanced system reliability. 

However, it had its own share of challenges in ethical 

decision-making such as prioritizing passenger safety 

versus pedestrian risk. This highlights a gap in current KPIs 

used to evaluate the autonomous system. This suggests a 

need for metrics that evaluate moral reasoning alongside 

technical performance. 

 
 Key Metrics:  

 
 Disengagement Rate Improvement: 30% reduction, 

meaning fewer instances requiring human intervention. 

 Ethical Dilemmas: Struggled with decision-making in 

trolley problem-like scenarios. 

 

 Context:  
Industry trends and ethical AI discussions underscore 

the growing importance of accountability in autonomous 

systems. 

 

 Text-to-Image Models: 

 

 MidJourney v6:  
MidJourney v6 has set a benchmark for visual quality, 

with an FID score of 1.8 outperforming many competitors. 

However, its energy consumption is four times that of 

Stable Diffusion XL. This raised sustainability concerns 

across the industry. The cross-modal coherence score of 0.7 

indicated that while images are high-quality, they 
sometimes deviate from the intended text prompt. This is a 

factor that greatly affects user satisfaction. 

 

 

 Key Metrics:  
 

 Fréchet Inception Distance (FID) Score: 1.8 

indicating state-of-the-art image quality. 

 Energy Cost: 4 times higher than Stable Diffusion XL, 

which reflects significant computational overhead. 

 Content Fidelity: FID=5.2 denotes high-quality image 

generation. 

 Cross-Modal Coherence: 0.7 represents imperfect 

alignment between text prompts and generated images. 

 
 Context:  

The FID metric is a standard in generative AI 

evaluation. The comparison of this metric to the Stable 

Diffusion metric highlight efficiency trade-offs in text-to-

image models. 

 

 DALL-E 3:  

DALL-E 3 excelled in aligning generated images with 

user prompts and achieved a 98% success rate that enhances 

human-AI interaction. However, it has a vulnerability to 

adversarial inputs such as cleverly crafted prompts that can 

mislead the model. This reveals a critical robustness 

challenge; underscoring the need for KPIs that measure 

security alongside creativity. 

 
 Key Metrics: 

 

 Prompt Alignment: 98% represent highly accurate 

translation of text prompts into images. 
 Vulnerability: Susceptible to typographic attacks (e.g., 

adversarial prompts exploiting misspellings) [9]. 
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 Context:  
DALL-E 3’s system card and research on the 

adversarial attack highlights both its strengths and areas for 

improvement in generative AI. 

 

 Large Language Models: 

 

 GPT-4 Turbo:  
GPT4 Turbo demonstrated exceptional knowledge 

and reasoning capabilities, with an MMLU score of 85.2% 

reflecting its versatility. However, the DI score of 0.72 

revealed fairness issues, such as biased language generation 

favoring certain demographics. This highlighted the 

importance of ethical KPIs to complement technical 

performance metrics. 

 
 Key Metrics:  

 

 Massive Multitask Language Understanding (MMLU) 
Score: 85.2% denoting strong performance across 
diverse tasks. 

 Disparate Impact (DI): 0.72 score indicating gender 

bias in outputs. 
 

 Context:  

GPT-4’s technical report and bias studies in AI 

research emphasize the ongoing challenge of ensuring 

equitable LLM outputs. 

 

 Claude-3:  
Claude-3’s had a hallucination rate of 3% representing 

a breakthrough in LLM reliability, significantly 

outperforming GPT-4’s 12%. Its Constitutional AI 

framework, which embeds ethical principles into the model, 

enhances trustworthiness and reduces erroneous outputs. 

This suggests that value-aligned design can directly 

improve measurable outcomes [11]. 

 

 Key Metrics:  
 

 Hallucination Rate: 3% (compared to GPT-4’s 12%) — 

fewer instances of fabricated information. 

 Approach: Constitutional AI — designed to align with 
human values [11]. 

 
 Context:  

The Constitutional AI approach [15] and hallucination 

benchmarks provide a foundation for evaluating LLMs 

beyond raw performance. 

 
B. Insights: 

The case studies illustrate how KPIs can evaluate AI 

systems across technical, ethical, and operational 

dimensions. Below mentioned are the key insights tied to 

the proposed framework. 

 

 

 
 

 

 

 

 Model Quality KPIs 

 

 Accuracy and Precision: Waymo’s 99.9% perception 

accuracy and GPT-4 Turbo’s 85.2% MMLU score 

demonstrate the centrality of task-specific quality 

metrics in assessing AI performance. 

 Task Completion: Waymo’s 98% GAR emphasizes 

goal-oriented KPIs as critical for operational success in 

autonomous agents. 

 Reliability: Claude-3’s 3% hallucination rate highlights 

how ethical design can enhance output trustworthiness, 

a vital KPI for LLMs. 

 

 System Performance KPIs 

 

 Real-Time Responsiveness: Waymo’s 0.3-second 

adaptation time is a safety-critical metric for dynamic 

environments, underscoring the importance of latency 

KPIs [2]. 

 Efficiency: MidJourney v6’s 4x energy cost versus 

Stable Diffusion XL illustrates a trade-off between 

quality and resource use, necessitating efficiency-

focused KPIs. 

 

 Ethical and Environmental Considerations 

 

 Fairness: Waymo’s urban-rural bias and GPT-4 

Turbo’s 0.72 DI score reveal disparities that demand 

fairness metrics to ensure equitable AI deployment. 

 Sustainability: MidJourney v6’s high energy 

consumption positions environmental impact as an 

emerging KPI for generative AI. 

 Accountability: Tesla FSD v12’s ethical dilemmas 

highlight the need for KPIs that evaluate moral decision-

making, ensuring AI aligns with societal norms. 

 

 Human-AI Interaction KPIs 

 

 User Alignment: DALL-E 3’s 98% prompt alignment 

enhances user trust, while MidJourney v6’s 0.7 cross-

modal coherence shows room for improvement in 

meeting user expectations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



1112 

 
Fig 4 Comparison of Hallucination Rates of LLMs and FID Scores of Text-To-Image Models 

 

C. Trade-Offs and Breakthroughs 
 

 Trade-Offs:  

 

 Quality vs. Efficiency: MidJourney v6 prioritizes 

image quality at the expense of energy efficiency. 

 Accuracy vs. Robustness: Waymo’s high accuracy is 

tempered by edge-case failures and geographic bias. 

 
 Breakthroughs:  

 

 Reliability: Claude-3’s Constitutional AI reduces 

hallucinations, setting a new standard for LLMs. 

 Autonomy: Tesla FSD v12’s 30% disengagement rate 

improvement advances autonomous driving capabilities. 

 

VI. CONCLUSION  
 

The five-dimensional KPI framework presented in 

this paper offers a groundbreaking platform for evaluating 

AI agents and generative AI by integrating technical, 

operational, and ethical metrics. Innovative metrics like 

ethical drift and trade-off analysis address critical gaps in 

the current methods, while case studies validate its practical 

utility. This paper calls out for future work to prioritize real-

time KPI tracking, domain-specific adaptations, and global 

standardization to keep pace with AI’s rapid evolution. 

Also, highlights the need to standardize measurement 

protocols, address KPI drift in continuously learning 

systems, explore emerging challenges like interpretability, 

quantum AI, and human-AI collaboration, and quantify 

societal impacts.  
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