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Abstract - The world of Al is talking, and models like
OpenAl's GPT-4 are leading the conversation with an
astonishing grasp of language. But behind its impressive
performance lies a contradiction: the very innovations that
make GPT-4 so capable also make it surprisingly fragile. It
can struggle with opaque reasoning, invent facts, and
amplify biases. This article takes a critical look at how
GPT-4 is built, how it compares to rivals like Google's
Bard, and its real-world impact in fields like education and
healthcare. This article argues that its true potential is
only unlocked with strong human oversight. Ultimately,
the next breakthrough won't come from making Al bigger,
but from making it more understandable, fair, and
trustworthy.
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I. INTRODUCTION

The trajectory of conversational Al has progressed from
rigid, rule-based systems to fluid, neural network-driven
dialogues. A defining milestone in this evolution is OpenAl's
GPT-4, a model that achieves a leap in scale and contextual
awareness (Achiam et al., 2023). Built upon the transformer
architecture (Vaswani et al., 2017), GPT-4 is distinguished by
its estimated 1.7 trillion parameters, managed via a mixture-
of-experts (MoE) framework, and its nascent multimodal
capabilities.  Its  alignment  techniques, particularly
reinforcement learning from human feedback (RLHF), aim to
better harmonize its outputs with human intent (Ouyang et al.,
2022).

However, this review posits that GPT-4's sophistication
creates a paradox of capability and fragility. Its strengths in
reasoning and adaptability are matched by vulnerabilities in
transparency, factual reliability, and bias mitigation. This
paper provides a critical examination of this duality by: (1)
analyzing the architectural innovations and their inherent
trade-offs; (2) conducting a nuanced comparison with GPT-
3.5 and Google's Bard; (3) evaluating sector-specific
applications through a risk-benefit lens; and (4) arguing that
future progress must prioritize robustness and ethical
integration over mere scale expansion.
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Il. ARCHITECTURAL INNOVATIONS AND THEIR
TRADE-OFFS

GPT-4's foundation in the Transformer architecture belies
several critical innovations that enhance its performance but
also introduce distinct challenges.

The most significant advancement is its scale, achieved
through a mixture-of-experts (MoE) design. Unlike dense
models like GPT-3 that activate all parameters per input, GPT-
4 employs a network of specialized "expert" sub-networks,
with a gating mechanism routing tokens to relevant experts
(Achiam et al., 2023). This strategy enables the management
of a massive parameter count (reportedly 1.7 trillion) while
maintaining computational feasibility during inference.
However, this efficiency comes with trade-offs: The MoE
architecture introduces complexity in training stability and
expert routing, potentially leading to uneven utilization of the
network's capacity and creating new challenges for model
optimization and interpretability.

A second key innovation is native multimodal
processing. Although the public release initially emphasized
text, the underlying architecture is designed to process images
and text concurrently, enabling tasks like visual question
answering. This marks a step toward general-purpose Al but
remains nascent; the integration of visual and linguistic
reasoning is imperfect, and the potential for cross-modal
hallucinations (e.g., misaligning an image with a text
description) is an open area of concern.

Finally, GPT-4's safety mechanisms build on RLHF with
more refined rule-based reward models (RBRMSs) to improve
factual accuracy and reduce harmful outputs (Ouyang et al.,
2022). While these methods have reduced overt errors, they
have not solved the fundamental issue of "hallucination™ or the
replication of subtle biases from training data. The model's
alignment is thus a continuous process rather than a solved
problem, highlighting its fragility.
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111. COMPARATIVE EVALUATION: BEYOND BENCHMARK SCORES

A comparative analysis of GPT-4 against GPT-3.5 and Google's Bard (powered by PaLM 2) reveals its strengths but also
contextualizes its limitations.

Table 1: Performance Comparison on Selected Benchmarks

Benchmark (Dataset) GPT-3.5 | GPT-4 G(OF?:III_GN?Z;d Interpretation & Limitation
GPT-4's superior performance indicates broader
knowledge recall. However, MMLU primarily tests
MMLU (Hendrycks et al.) ~70% ~86% ~78% factual knowledge, not deep reasoning or ethical
judgment.
High score demonstrates advanced commonsense
Hella Swag (Zellers et al.) 85% ~95% 820 reasoning. Yet, these ar_e constrained tas_ks that may not
reflect real-world situational understanding.
Significant lead in code generation highlights practical
Human Eval (Chen et al.) ~48% ~67% ~44% utility. The benchmark, however, does not assess code
security or long-term maintainability.

Source: Adapted from Achiam et al., 2023; Koubaa, 2023.

As Table 1 illustrates, GPT-4 demonstrates clear improvements in knowledge-intensive and reasoning tasks. However, these
benchmarks provide a narrow view. Bard's tight integration with Google's search ecosystem grants it a decisive advantage in
answering queries about recent events, a domain where GPT-4's knowledge cutoff is a major constraint. This comparison
emphasizes that model superiority is highly task-dependent; GPT-4 excels in depth of reasoning and coherence, while Bard offers
pragmatic benefits through real-time information access.

IV. ACRITICAL EXAMINATION OF APPLICATIONS

GPT-4's integration into various sectors reveals a common theme: its value is maximized only when its limitations are
explicitly acknowledged and mitigated through human oversight and structural safeguards.

Table 2: Sectoral Analysis of GPT-4: Applications, Risks, and Mitigations

Sector Applications Key Challenges Essential Mltlﬁlaet;g:s & Research
Personalized tutoring, | Risks to academic integrity; | Development of Al literacy curricula;
content generation, adaptive | potential for biased or | tools for  Al-output  detection;

Education learning support (Lo, 2023). | incorrect outputs (Cotton et | pedagogical frameworks that position
al., 2023). GPT-4 as a tutor, not an authority.
Diagnostic support, medical | Hallucination risks leading to | Rigorous clinical validation studies;
education, patient | misdiagnosis; privacy | hybrid human-Al workflows where Al
Healthcare communication compliance (e.g., HIPAA); drafts_ and humans verify; secure, on-
(Thirunavukarasu et al., | regulatory hurdles. premise deployment options.
2023; Egli, 2023).
Enhanced chatbots with | Failures on ambiguous or | Implementation of seamless human-
Custormer improved contextual complex ("gdge case") agen.t handoff protocols; confidence-
Service awareness. querlesi leading to user scorlng_ for model outputs to flag
frustration and eroded trust. uncertain responses.
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Literature review, hypothesis | Lack

antifi generation, code
Scientific
Research development (Wang et al.,
2023).

understanding; outputs require
expert validation; potential for
propagating flawed literature.

Development of Al tools that explicitly
cite sources (e.g., RAG); use limited to
ideation and drafting, with human
experts responsible for final analysis.

of genuine

Source: Synthesized from Lo (2023); Cotton et al. (2023); Thirunavukarasu et al. (2023); Egli (2023); Wang et al. (2023).

The analysis in Table 2 demonstrates that GPT-4 functions best as an augmentative tool rather than an autonomous solution.
In education, it can personalize learning but requires safeguards against misuse. In healthcare, its potential is immense but locked
behind critical barriers of safety and regulation. Across all sectors, the model's fragility in the face of novelty or complexity
necessitates a human-in-the-loop approach. The central challenge is not merely technical integration but the design of socio-
technical systems that leverage GPT-4's capabilities while containing its risks.

V. ETHICAL CONSIDERATIONS: THE
GOVERNANCE IMPERATIVE

The deployment of GPT-4 amplifies well-known ethical
challenges to a new scale, demanding proactive governance.

1. Bias and Fairness: GPT-4 inevitably reflects and can
amplify societal biases present in its training data
(Ferrara, 2023). Current mitigation strategies, such as
fairness-aware algorithms and dataset curation, remain
insufficient for detecting and correcting subtle,
contextual biases. This necessitates continuous auditing
and the development of more sophisticated evaluation
frameworks.

2. Hallucination and Misinformation: The tendency to
generate plausible falsehoods is GPT-4's most critical
flaw. In high-stakes domains, this is not a minor bug but
a fundamental risk. Technical solutions like Retrieval-
Augmented Generation (RAG), which grounds responses
in external knowledge bases (Hassija et al., 2023), are
promising but not a panacea. They shift the challenge to
ensuring the quality and verifiability of the knowledge
sources themselves.

3. Privacy and Security: Using GPT-4 with sensitive data
risks memorization and exposure. Compliance with
regulations like HIPAA and GDPR is a baseline
requirement. The path forward involves technical
safeguards (e.g., differential privacy, federated learning)
and policy frameworks that enforce data minimization
and strict access controls.

Addressing these issues is a governance imperative that
extends beyond technical teams to include ethicists,
policymakers, and domain experts. Trustworthy deployment

VI. FUTURE DIRECTIONS: FROM SCALING TO
TRUSTWORTHINESS

The future development of GPT-4 and subsequent models
must pivot from a focus on scale to a focus on trustworthiness.

o Explainability (XAIl): Making the decision-making
process of GPT-4 transparent is paramount. Techniques
that provide insight into why a particular output was
generated are essential for debugging, fairness auditing,
and user trust (Barredo Arrieta et al., 2020).

e Efficiency and Sustainability: Research into model
compression,  quantization, and refined MoE
architectures is critical to reduce the substantial
environmental and computational costs of training and
deploying these models.

e Robustness and Verification: The priority must shift to
developing models that can reliably recognize and
express uncertainty, refuse to answer questions beyond
their knowledge, and be systematically verified against
ground-truth knowledge bases.

e Human-Al Collaboration Frameworks: The most
productive future lies in designing interfaces and
workflows that formalize collaboration, leveraging the
creative, logical strengths of Al alongside the critical
judgment, ethical reasoning, and contextual knowledge
of humans.

VII. CONCLUSION

GPT-4 is a landmark achievement that pushes the
boundaries of what conversational Al can accomplish. Its
architectural advances deliver tangible improvements in
reasoning and adaptability. However, this review has argued

requires a multi-layered approach combining technical that these capabilities are coupled with significant fragility,
innovation, ethical design principles, and regulatory manifesting as hallucinations, embedded biases, and
alignment. operational opacity. The model's successful integration into
society, therefore, depends less on further scaling and more on
a concerted effort to enhance its transparency, reliability, and
alignment with human values. The next chapter in Al
© 2025 ICJES All Rights Reserved www.icjes.com 3
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development will be defined by our ability to build guardrails [91 Lo, C. K. (2023). What is the impact of ChatGPT on
of trustworthiness around these powerful but imperfect tools, education? A rapid review of the literature. Education
ensuring they serve as equitable and reliable partners in human Sciences, 13(4), 410.
endeavor. [10] OpenAl. (2023). GPT-4  technical report.
https://cdn.openai.com/papers/gpt-4.pdf
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