From Data Science to Technological Intelligence

Reframing Evidence-Based and Policy-Oriented Foresight in Brazil
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The Speed of Tech The Pace of Policy

Technological change currently outpaces Data science and Al must move from being
institutional response. Traditional foresight is too slow. peripheral inputs to becoming a core governing
capability.

Technological Intelligence:
The fundamental capability to govern real-time
technological change under uncertainty.




Reframing Foresignsight as a Living Infrastructure
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Traditional
Foresight

Technological
Intelligence

Predicting the future via
static reports.

Governing real-time change
via dynamic decision-support.

Rigid assumptions and
manual synthesis.

Learning from data and
revising assumptions
iteratively.

Point-in-time
recommendations.

Al-augmented, continuous
agenda setting and priority
definition.




The Ultimate Test: National Public Consultations
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The Key Challenge The Mandate

Translating thousands of unstructured inputs from
the ST&l community into clear national policy
objectives for the ENCTI 2024-2034 strategy.

The methodology cannot be a black box. It must
be 100% traceable, mathematically defensible,
and immune to hidden Al bias to ensure public
trust and institutional auditability.




The ENCTI Intelligence Pipeline Architecture
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Step O: Step 1: Step 2: Step 3: Step 4:
Data Extraction Intelligent Triage  Contextual Mapping Semantic Clustering Conciliated Drafting
Participa Mais Brasil Categorization via Embeddings & Modularity Classes Al Evaluation &

Platform GPT-4.1-mini Semantic Alignment via Louvain Algorithm Human Command



Phase 1. Filtering Noise into Categorized Signal
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Thousands of raw comments,
user IDs, and metadata.
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Track A: Strategy Track B: Plan Track C: None
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Actionable policy Implementation General opinions /
proposals. ‘ tactics. ‘ Non-actionable,
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Phase 2. Anchoring Public Sentiment to Policy Text
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The Action
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The Enginé |

The Metric

Determining exactly which paragraph
| of the national strategy a citizen is
k\ attempting to modify.
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Transforming the entire policy document
and all public comments into dense
semantic embeddings (vectors).

2
Calculating Cosine Distances to

mathematically pinpoint the exact textual |
location of maximum relevance. 1
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Phase 3: Discovering Semantic Constellations
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Utilizing comment embeddings
to generate a comprehensive
adjacency matrix.

Applying the Louvain algorithm
| to detect community structures
\

within the network.
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Thousands of overlapping
public suggestions are grouped
into unified, non-redundant
thematic classes.

1 Node = 1 Comment.

1 Cluster = 1 Cohesive

| Policy Proposal.
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Phase 4: Conciliated Drafting & Traceable Decisions
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The Al Assist (]2

GPT-4.1 evaluates requested
insertions and alterations to

1 Section 3.2 - Al Draft: Accepted

generate a conciliated final text

| and a suggested editorial e ———— |

L|._ justiﬁcation. 2 Section 4.1 - Al Draft: Partially A fepted |
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3 Section 5.0 - Al Draft: Rejected J
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Human technical teams review the = . |
Al synthesis and make the final :
policy ruling (Accepted, Partially | The GOlden RU'E.

\L__ Acgepted, Rejected).

> Al structures the intelligence;

. humans govern the outcome.
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Governing the Black Box: Methodological Rigor

Transparency &
Explicability
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O None

Reproducibility

. 100% mathematical

O Non-deterministic

Technical Institutional
Vocabulary

. Anchors to base text

@ High
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Core Insight: TF-IDF and explicit geometric models provide 100%
mathematical justification for why a comment is linked to a policy section,
ensuring absolute defensibility against public contestation. _J
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Semantic Deduplication: Condensing Volume, Preserving Voices

i _', Layer 1: ID Deduplicatio
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858 unique IDs

Layer 2: Semantic Deduplication
Grouping comments with > 0.85
cosine similarity into single
representative clusters.
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Layer 3: Generic Support Filtering

Isolating short, non-propositive
comments (e.g., ‘| agree”) and collapsing

them into single contextual nodes. N The Final Output: 695 unique
high-signal semantic clusters.

Zero loss of human intent. 100% mathematical traceability back to the original citizen ID.




From Abstract Vectors to Policy Instruments
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[1 . The Work Queue ] H Pﬁ

Automatically prioritized by - = N

proposal type (Inclusion/Revision) : . :

and pertinence score (= 0.45). 2. Section Synthesis Ko J

Tells the team exactly what AmWE&SJhE qUEStiﬂﬁit /

“What did society ask to Gt . o
Rabisatl chanelere? ¢ [3. Decision Matrix J
L Groups the top representative The editable audit trail.
= » | proposals per policy section.
" Contains the original ID, the con-

ciliated proposal, and blank columns
for the human team'’s Decision,

Justification, and Textual Reference.




Foresight as a Living Infrastructure

1. By reframing data science as Technological
Intelligence, CGEE empowers the Brazilian
ST&I ecosystem to govern and adapt to
change in real-time.

2. Complex, large-scale public 7
consultations are no longer administrative ‘/éﬁ. y
bottlenecks. 552

3. They are now high-fidelity,
transparent, and mathematically
rigorous inputs that continuously
shape national strategy.
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