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Abstract / Introduction

Technological intelligence has long been a decisive factor for the innovative power and
competitiveness of companies and research institutions. The ability to identify technological
developments early, evaluate them, and derive strategic decisions from them is increasingly
becoming a critical success factor in dynamic, global markets. Many companies utilize their
internal technology databases or additionally leverage the expertise of external foresight
providers to achieve this.
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The rapid development of Large Language Models (LLMs) such as Gemini, ChatGPT,
Claude, Perplexity, and Microsoft Copilot has the potential to fundamentally transform the
way companies conduct strategic foresight and find technical solutions. These Al systems,
based on transformer architectures and trained on massive datasets, are no longer mere
conversational agents. Instead, they have evolved into powerful tools capable of sophisticated
data analysis, pattern recognition, and even code generation. Their ability to process and
generate human-like text, combined with increasingly multimodal functionalities, positions
them as valuable assistants for technology managers aiming to navigate complex
technological landscapes and drive innovation.
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Given these rapidly advancing capabilities, which will continue to evolve in the future, critical
questions arise regarding the future relevance of classic databases and foresight providers, as
well as the criteria for selecting the most suitable language model for corporate deployment.
This fundamental question was addressed constructively as early as March 2021 in the
publication "Data-Driven Technology Management Supported by Artificial Intelligence
Solutions", long before LLMs reached their current capabilities (Schuh, BoBmeyer &
Brékling, 2021). This paper examines whether that initial assessment still holds true today.

PDF+2
2. Traditional Support Methods
Traditional technology databases remain highly significant in many technology monitoring

and innovation processes. They are characterized by the structured recording and attribution
of information, such as patents, scientific publications, or market studies. Containing both



internal and external knowledge, they are accessible to both engineers and technology
managers to support future forecasting and technical problem-solving.
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Additionally, many companies rely on strategic foresight service providers such as ITONICS,
Mapegy, Mergeflow, or Trendone. These systems, which integrate specialized Al tools, offer
distinct advantages regarding high data quality, traceability, and comparability. However,
they frequently face limitations concerning real-time updates, flexibility, and hyper-
personalization.
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Furthermore, foresight and trend management platforms utilize methodologies like trend
radars, scenario planning, and roadmaps. Within these ecosystems, expert networks and
manual curation play a vital role in identifying and evaluating relevant developments. Based
on publicly available information, these leading services can be characterized as follows:
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o ITONICS: Offers an "End2End" innovation platform spanning foresight, ideation,
and portfolio management. It optimizes foresight activities via scalable, repeatable
processes and automates the scouting and monitoring of global trends, emerging
technologies, and market shifts. Furthermore, it helps optimize innovation portfolios
by detecting redundancies and reallocating resources , while democratizing innovation
capabilities through an "Innovation Co-Pilot" and a shared knowledge base.
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e Mergeflow: Specializes in discovering and tracking research, technologies, and
markets. It automates information retrieval and organizational tasks that a research
analyst would traditionally perform manually, providing comprehensive market and
investment data. Its offerings include an Analyst Support Service, 360° reports, and
"Delta-t" tracking to monitor thematic developments across investments, R&D, and
corporate divisions.
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e Mapegy: Focuses on turning insights into measurable impact by capturing R&D
snapshots, clustering keywords, uncovering latent topics, categorizing R&D
footprints, and mapping expert networks. It assists in identifying growth targets
(startups, companies, investments), building research partnerships, and extracting
insights from scientific publications, patents, and news streams. It also generates
instant reports via predefined templates and provides trend-shift alerts.
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o Trendone: Acting as a strategic innovation consultancy, Trendone provides digital
tools like the "Trendmanager" for systematic trend identification, analysis, and
monitoring. It helps clients recognize unique opportunities and effectively organize
collaborative innovation workflows. Trendone also publishes future studies featuring



realistic scenarios and use cases, alongside an "AI Campus" designed to develop
internal corporate Al competencies.
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3. Leading Large Language Models (LLMs)

The emergence of powerful Al technologies—specifically in the fields of machine learning,
deep learning, natural language processing, and data mining—opens up entirely new
pathways to support technological intelligence. Data literacy and the design of data
ecosystems are becoming core competitive advantages. Leading LLMs offer distinct strengths
and are increasingly multimodal, meaning they can process text, images, and other media
forms:
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e Gemini (Google): A multimodal model deeply integrated into the Google Workspace
ecosystem; exceptionally strong in real-time market analysis and code generation. It
remains vulnerable to hallucinations and a potential lack of domain-specific depth.
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e ChatGPT (OpenAl's GPT-4): A multimodal model demonstrating human-level
performance across diverse technical benchmarks. It is robust in data analysis and
coding, but susceptible to inaccuracies and hallucinations when processing highly
ambiguous information.
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e Claude (Anthropic's Claude 3.x Family): Highly focused on secure cognitive
reasoning, long context comprehension, and transparent processing via its "Extended
Thinking" mode. It is excellent at complex coding and multi-step logic, though
accompanied by higher operational costs and potential "reward hacking" issues.
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o Perplexity Al: An Al-native search assistant that blends real-time web search with
academic research and precise source citations. It is highly effective for "Deep
Research" expert tasks, though it can be less conversational and prone to losing
context in extended follow-up queries.
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e Microsoft Copilot: Deeply integrated into the Microsoft 365 ecosystem, it optimizes
workspace productivity via intelligent prompts and automation while delivering
predictive analytics. It carries a risk of user over-reliance and data privacy concerns.
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4. Comparative Evaluation of LLM Capabilities in Technological Intelligence



In an era of exponential technological acceleration, where the boundaries between scientific
disciplines are blurring and new sub-technologies are constantly emerging—ranging from
specialized Al models to novel material sciences and highly integrated sensor systems—
organizations face immense challenges in maintaining a comprehensive overview. The
capacity for precise technological foresight and the extraction of concrete impulses for
technical solutions from this fragmented landscape is vital for survival.
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To evaluate their applicability, these models were tested using identical prompt sequences,
yielding comparable results. The output quality of the chatbots inherently depended on the
sophistication of the prompt engineering. Based on a comprehensive evaluation conducted
with Google Gemini, two core areas of responsibility were analyzed:
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1. Technological Foresight: How effectively can these models anticipate future trends,
breakthroughs, and technology convergences? What capacities do they possess to
identify weak signals and look beyond current media reporting?
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2. Derivation of Technical Solution Impulses: To what extent can they assist in
identifying and combining specialized sub-technologies to design novel solutions for
complex engineering problems? Can they recognize interdisciplinary synergies and
propose unconventional applications?
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The self-assessment of the models was conducted based on their underlying architectures,
training data, integration options, and observable behavioral traits when interacting with
complex, forward-looking, technology-driven queries. It is critical to note that all models are
subject to continuous evolution, dynamically improving their functional performance.
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e a. Microsoft Copilot (based on GPT-4)
PDF

o Strengths: Benefits significantly from real-time web access and integration
with Bing, enabling effective capture and synthesis of published research and
news. It is highly user-friendly and reliable at identifying obvious trends.
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o Weaknesses: Tends to reinforce dominant narratives and rarely generates
genuine "out-of-the-box" foresight. Its causal depth of understanding regarding
sub-technologies is limited, restricting its ability to derive entirely new
application fields. For solution impulses, it usually suggests established paths
rather than creative, unconventional combinations.
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e b. Google Gemini (various models, often Gemini Advanced / 1.5 Pro)
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o

Strengths: Multimodality and an exceptionally broad data foundation provide
significant potential for forecasting convergence technologies and linking
cross-domain knowledge. It shows advanced capabilities in complex logical
reasoning and can deliver creative, interdisciplinary solution impulses by
detecting analogies.
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Weaknesses: Despite systematic enhancements, a risk of "hallucinations"
remains, which is highly critical for forecasting. Distinguishing precisely
between verified facts and speculation requires strict prompt constraints. Its
strength in unconventional thinking can also lead to less mature proposals
requiring extensive validation.
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e c. Perplexity Al
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o

Strengths: Excellent at aggregated search workflows and rigorous source
citation, making it an ideal tool for verifying the current state of the art. It
delivers highly up-to-date information and captures the general consensus or
active debates within expert communities. For solution impulses, it is
outstanding at identifying existing reference applications of sub-technologies.
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Weaknesses: Its capacity for generative foresight (deriving entirely novel
trends) is less pronounced, as it acts primarily as a tool for understanding the

"now". It is less suited for developing entirely undocumented solution
approaches, given that its strength lies in synthesizing existing knowledge.
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e d. Anthropic Claude (various models, often Claude 3 Opus/Sonnet)
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o

Strengths: Features extremely large context windows and excels at complex
reasoning and abstraction, enabling deep analysis of dense technical
documentation and long-term implications. It can construct highly detailed,
nuanced solution architectures involving multiple sub-technologies and
evaluate their interactions.
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o Weaknesses: The data cut-off can affect its awareness of the absolute latest
market developments. It often provides fewer direct citations per statement,
making rapid verification more difficult. Due to safety alignment, it sometimes
defaults to conservative or overly cautious suggestions for speculative queries.
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In short, each chatbot has its niche: Perplexity and Copilot are optimal for rapid, current
overviews. Claude excels at deep, long-term reasoning for complex technical relationships.
Gemini possesses the highest potential for creative, interdisciplinary solution impulses and
cross-domain synthesis. The most effective paradigm lies in their combined application to
complement human expertise throughout the innovation cycle. For technology managers,
querying multiple bots with identical prompts is highly beneficial when analyzing emerging
technologies, evaluating joint venture potentials, charting disruption scenarios, or mapping
corporate competencies against research trends.
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5. Benchmark Performance of LLMs Across Concrete Technology Scenarios
PDF

a.

Autonomous Flying Taxis (eVTOLs) in Urban Environments

Target Challenge: Safe, efficient, and economically viable integration of eVTOLSs into urban
airspace.

PDF

o Copilot: Synthesizes existing data on noise reduction, battery chemistry lifecycles,
and urban airspace management, providing a solid status quo overview. For solution
impulses, it focuses on established tracks like GNSS or 5G/6G communication
systems.
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e Gemini: Welcomes multimodal inputs (designs, code structures) to form deeper
connections between materials science and Al-driven aerodynamics. It shows greater
creativity in solution impulses, proposing swarm intelligence for real-time routing or
adapting medical-grade Al diagnostics for predictive aircraft maintenance.
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o Perplexity Al: Highly reliable for validating facts and active citations. It outlines
ongoing research projects in battery charging or acoustic damping, identifying the
specific institutions involved. It is a prime asset for finding verified, existing technical
documentation.



b.
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Claude: Dissects technical specifications and engineering dependencies with high
granularity (e.g., weighing energy density ratios against specific operational ranges). It
proposes structurally sound, comprehensive system architectures that account for
complex engineering limits, such as integrated power-management units.
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Quantum Computing for Civil Applications

Target Challenge: Identifying commercially viable zivil use cases beyond basic academic
research.
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C.

Copilot: Synthesizes general industry hype and broad corporate expectations, listing
well-known domains like cryptography and basic materials science while pointing to
active enterprise roadmaps. Its solution suggestions rely on available cloud SDKs
without diving deep into algoritmics.
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Gemini: Successfully evaluates different physical qubit modalities, weighing their
specific architectural pros and cons against target use cases. It frequently suggests
hybrid quantum-classical algorithms or quantum machine learning (QML)
applications for new sectors.

PDF+ 1

Perplexity Al: Delivers the most up-to-date state of active research with concrete
academic citations, software benchmarks, and active developer cloud environments.
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Claude: Provides deep analytical insights into dense research papers (e.g., quantum
error correction) and charts technical hurdles and timelines precisely. Its solution
impulses are delivered as actionable roadmap elements and specific algorithm
utilization strategies.

PDF+ 1

Personalized Medicine via Genome Editing

Target Challenge: Revolutionizing personalized healthcare through gene editing under
complex ethical, regulatory, and technical boundaries.
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d.

Copilot: Provides a broad introductory overview of CRISPR technologies, standard
ethical debates, and prominent clinical examples, offering generic solution impulses
like manufacturing scale-up or standard diagnostics.

PDF

Gemini: Accurately highlights the convergence of bioinformatics, Al-driven drug
discovery, and molecular biology. It suggests how generative models can optimize
gene-vector designs and predict off-target mutations.
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Perplexity AI: Maps out real-time updates on clinical trials and global regulatory
shifts, listing promising target diseases and research groups with validated source
links. It is excellent for finding current specific engineering solutions with precise
citations.
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Claude: Explains intricate molecular mechanisms in detail while analyzing structural
limitations and advantages of editing platforms. It generates sophisticated strategies

for Al-optimized guide-RNA selection and integrated monitoring feedback systems.
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Sustainable Energy Storage (Post-Lithium-Ion Batteries)
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Target Challenge: Identifying and scaling next-generation battery technologies for the global
energy transition.

PDF

Copilot: Names standard alternatives like sodium-ion or solid-state batteries, detailing
generic pros and cons and broad manufacturing concepts like "Gigafactories" or smart
grids.

PDF

Gemini: Deeply analyzes materials science challenges, emphasizing the convergence
of computational chemistry and battery engineering. It outlines the use of generative
models for material discovery and reinforcement learning for battery lifecycle
optimization.
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Perplexity Al: Locates the latest research papers, operational prototypes, and market
leaders in next-gen cathode/anode synthesis, offering direct references. It is ideal for
targeted material engineering research.
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Claude: Analyzes the fundamental chemical and thermodynamic tradeoffs of each
battery chemistry. It designs comprehensive scaling strategies and advanced battery
management systems (BMS) tailored to specific physical material properties.
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6. Databases and Foresight Services Under LLM Disruption

PDF

The impressive capabilities of LLMs in information processing raise the question of whether
they will fully replace specialized technology databases or foresight services. The clear
answer is no. Instead, a deep symbiosis is emerging that leverages the distinct strengths of
both systems, confirming the long-term validity of our 2021 assessment.
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6.1 The Symbiosis Between LLMs and Technology Databases
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Despite their performance, LLMs possess structural limitations that prevent them from
replacing verified databases:

Lack of Structured Knowledge and Hallucinations: LLMs are probabilistic models.
They generate plausible text but can produce false information, whereas databases
provide verified, structured, and factually accurate records.
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Data Cut-Offs: LLM training data is often frozen at a specific point in time. They
lack real-time access to the highly granular, daily updates of patent offices or clinical
registries found in databases.
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Lack of Guaranteed Precision: Technology management demands strict source
tracking. LLM outputs are synthesized and hard to verify, while databases offer clear
references.
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Proprietary Walls: Critical data sits behind corporate paywalls or within closed
archives that generic LLMs cannot access.



PDF

e Opacity ("Black Box'"): Modifying specific errors within a trained LLM is highly
difficult, whereas database entries can be transparently curated, updated, or deleted.

PDF

Consequently, databases provide an indispensable, complementary role by offering structured
frameworks (taxonomies, technology readiness levels), advanced visualization suites (patent
maps, innovation radars), and strict data compliance. Crucially, they serve as the verified
foundation for Retrieval-Augmented Generation (RAG) systems: the database supplies the
unyielding facts, while the LLM delivers the accessible, synthesized explanation.
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In the future, LLMs will act as an intelligent natural language user interface, translating
conversational questions into precise database queries and synthesizing the retrieved facts
back into comprehensive summaries. They will also streamline the automated entry
generation for sub-technology databases, though always requiring human oversight and
specialized verification tools.
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6.2 The Symbiosis Between LLMs and Foresight Services
PDF

The core competence of foresight consultancies extends far beyond basic data processing,
relying on capabilities that LLMs cannot replicate:
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o Contextual Nuance and Weak Signals: True foresight requires reading highly subtle
social, political, and cultural shifts. This demands deep human domain expertise.
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e Intuition and Creativity: True innovations are born from human empathy, intuition,
and unconventional analogical thinking, which statistics cannot predict.
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e Strategic Actionability ("The So What'): LLMs can summarize what is happening,
but they cannot evaluate the strategic "why" or calculate the unique impact on a
specific client's corporate goals to derive concrete recommendations.

PDF
Furthermore, foresight providers bring unique methodologies (Delphi studies, scenario

planning, trend radars) and manual curation that cannot be automated. Consultancies engage
in tailored advisory, lead collaborative workshops to leverage collective intelligence, and



maintain integrated software engines (like ITONICS) where LLMs are merely a component.
Crucially, human consultancies have "skin in the game"—they carry professional
accountability for their strategic guidance.
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Thus, LLMs will serve as powerful co-pilots. They automate initial scanning and pattern
recognition , liberating human experts to focus on deep strategic interpretation, creative risk
assessment, and high-value client advisory.
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7. Summary and Outlook
PDF

Due to the rapid advancement of Large Language Models, their potential to support
Technological Intelligence—critical for a company's innovative strength—was evaluated and
benchmarked across concrete tasks. Additionally, this study investigated whether LLMs are
capable of replacing specialized technology databases and foresight services.
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The comparative evaluation demonstrated that no single LLM perfectly covers all dimensions
of Technological Intelligence. Therefore, technology managers are strongly advised to query
at least two different chatbots with identical prompts to achieve superior, cross-verified
results. Given the near real-time response speeds of these systems, integrating additional
models is highly feasible.
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The assumption that LLMs would render technology databases or foresight providers obsolete
was not verified. On the contrary, profound synergies were identified:
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e LLMs and Technology Databases: LLMs can revolutionize the automated extraction
and structuring of data from unstructured sources. However, databases remain
indispensable for factual precision, data compliance, and serving as the ground truth
for RAG systems. Human verification remains mandatory for quality assurance.
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e LLMs and Foresight Services: LLMs act as intelligent co-pilots. Human operators
remain irreplaceable for strategic contextualization, creative intuition, scenario
modeling, and deriving custom corporate strategies.
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To fully leverage LLM support for Technological Intelligence, the following future research
areas are proposed:



PDF

Enhancing Factual Precision: Mitigating hallucinations via robust validation layers.
PDF

Deep Causal Understanding: Developing models capable of mapping true causal
mechanics rather than mere statistical correlations.

PDF

Standardized Data Extraction: Researching consistent entity-attribute extraction to
auto-generate structured database schemas.

PDF

Advanced Multimodality for TI: Improving the integrated processing of engineering
drawings, 3D models, and source code.

PDF

Weak Signal Spotting: Tuning LLMs to detect early, highly subtle anomalies that
precede disruptive technological shifts.

PDF

Human-in-the-Loop (HIL) Optimization: Streamlining user interfaces to make
human validation workflows maximally efficient.

PDF

Ethics and Bias Mitigation: Eliminating geographic or institutional biases within
corporate training data.

PDF

In conclusion, LLMs will fundamentally transform the architecture of Technological
Intelligence by serving as ultra-efficient data processing frameworks. Yet, structured
databases will remain the verified bedrock of knowledge, and human foresight experts will
remain the indispensable architects of actionable future strategies. The future of
Technological Intelligence belongs to the intelligent orchestration of these complementary
strengths.
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