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Abstract

Language-based Al systems are increasingly explored as
decision-support tools in tactical and operational contexts,
where timely interpretation and action are critical. While re-
cent advances enable language models to generate contex-
tually grounded responses, their outputs are typically deliv-
ered as free-form text, placing interpretive burden on human
decision-makers operating under time pressure. This paper
addresses this representational gap by introducing a neuro-
symbolic approach that mediates language model outputs
through symbolic representations. We present a system ar-
chitecture that transforms outputs from an already contex-
tualized language model into standardized operational sym-
bols using a symbolic inference layer grounded in rule-based
mappings and confidence constraints. Rather than replacing
language-based explanations, the system supports dual-mode
presentation, preserving textual reasoning while rendering
salient decision-relevant elements as symbols familiar to op-
erational practice. This work contributes a representational
framework for human-centered Al decision support in time-
sensitive environments.

Introduction

Defense decision-making increasingly operates across a
continuum from sensing and information fusion to judg-
ment, coordination, and execution under uncertainty. Al sys-
tems are now routinely used to summarize data, assess sit-
uations, and support reasoning across this pipeline, particu-
larly through language-based interfaces that synthesize com-
plex operational inputs into textual analyses. While these
systems offer expressive reasoning and explanatory power,
their outputs are often delivered as unstructured language
that does not align with the symbolic conventions, visual
encodings, and representational constraints that guide time-
sensitive tactical action. Operators frequently rely on com-
pressed, standardized representations to support rapid inter-
pretation, comparison, and shared understanding as situa-
tions evolve. This representational mismatch motivates hy-
brid approaches that bridge neural inference and symbolic
structure. In this work, we introduce a neuro-symbolic archi-
tecture that treats representation as a core design problem,
mediating language-based reasoning through a symbolic in-
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ference layer that selectively renders decision-relevant ele-
ments into operationally meaningful symbolic forms while
preserving contextual richness and human judgment.

Motivation and Background

Operational decision-making environments place distinctive
demands on how information is represented, interpreted, and
acted upon. In tactical contexts, decision-makers must inte-
grate incomplete and evolving information under time pres-
sure, where delays or misinterpretations can have signifi-
cant consequences. As a result, the effectiveness of compu-
tational decision-support systems depends not only on the
accuracy of the information they provide, but on how well
their outputs align with human cognitive processes and es-
tablished operational practices.

Tactical Decision Making Under Stress

Long-standing defense research has shown that fluent in-
formation delivery alone does not ensure effective decision
support. Early work in the Tactical Decision Making Un-
der Stress (TADMUS) program emphasized that decision-
support systems must account for cognitive workload, time
pressure, and the representational demands placed on human
operators (Morrison et al. 1996). This line of research high-
lights the importance of structuring system outputs in ways
that support rapid interpretation and integration into human
judgment, rather than treating computational outputs as self-
sufficient answers (Klein 2017).

Representation and Human-Centered Decision
Support

A central challenge highlighted in this literature is the rep-
resentational gap between system outputs and operational
decision-making needs (Endsley 2017). Text-centric inter-
faces place the burden of interpretation on the human opera-
tor, who must extract salient elements, assess relevance, and
construct an operational picture before acting. Prior work
in human-centered decision support demonstrates that when
information is presented in forms misaligned with task de-
mands, it can increase cognitive load or lead to inappropri-
ate reliance, even when the underlying information is correct
(Woods 2018; Parasuraman, Sheridan, and Wickens 2000).
These findings underscore the importance of representation



Architecture
Layer

System Components Support Function

Neural Language Contextualized language Contextual reason-
Layer model; domain sources  ing; explanation
Symbolic Media- Parser; attribute structur- Logical structuring;
tion Layer ing; rule-based mapping; uncertainty gating
confidence constraints
Representational Symbol library; dual-
Interface Layer mode dashboard

Rapid interpretation;
decision support

Table 1: Hybrid neuro-symbolic architecture and associated
support roles.

as a design concern, not merely a presentation choice (Nor-
man 2013).

Implications for AI-Supported Decision Systems

Recent advances in language-based Al systems have ex-
panded interest in using natural language interfaces for de-
cision support in defense settings. While these systems offer
new flexibility for information synthesis, they also risk rein-
troducing representational burdens if outputs are not aligned
with operational practices. Neuro-symbolic approaches sug-
gest one pathway for integrating the flexibility of language-
based reasoning with structured representations that sup-
port interpretability and human-Al teaming (Gunning 2017).
This perspective treats symbolic structure as a complemen-
tary layer that shapes how Al-generated information is inter-
preted and used in decision-making contexts.

System Architecture and Symbolic Mediation

The system described in this paper operationalizes a neuro-
symbolic approach to structuring language-based decision
support for tactical contexts. Rather than introducing a new
language model, the design focuses on how outputs from
an already contextualized language model can be mediated
through symbolic representations that better align with oper-
ational decision-making practices. This section describes the
system architecture, symbolic inference process, and repre-
sentational schema in a unified manner to support clear con-
ceptual and visual mapping.

Hybrid Neuro-Symbolic Architecture

The system integrates neural language-based reasoning with
symbolic mediation through a modular architecture orga-
nized into three complementary layers: a neural language
layer, a symbolic mediation layer, and a representational in-
terface layer. Each layer plays a distinct role in shaping how
language-based Al outputs are transformed into decision-
relevant representations for tactical contexts.

* Neural Language Layer: User queries are processed by
a contextualized language model grounded in domain-
relevant documentation. This layer produces natural lan-
guage responses that support contextual reasoning, ex-
planation, and sensemaking, capturing nuance, quali-
fiers, and conditional structure relevant to operational
decision-making.
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* Symbolic Mediation Layer: Outputs from the neural
language layer are passed to a symbolic inference layer
that selectively interprets decision-relevant elements of
the text. Through parsing, lightweight structuring, and
rule-based mapping with confidence constraints, this
layer reshapes language-based reasoning into structured
symbolic representations without fully formalizing or re-
placing the original text.

* Representational Interface Layer: The system presents
both language-based and symbolic outputs through a
dual-mode dashboard interface. Textual reasoning is pre-
served to maintain context and traceability, while in-
ferred symbols are rendered to support rapid interpre-
tation, orientation, and comparison. This layer enables
users to flexibly engage with different representations de-
pending on task demands and time pressure.

Together, these layers reflect the complementary roles of
language and symbols in decision support: language sup-
ports rich reasoning and explanation, symbolic mediation
imposes representational discipline and constraint, and the
interface layer enables rapid, human-centered interpretation
without automating decisions.

Information Flow and Dual-Mode Presentation

System outputs are generated and presented through the fol-
lowing pipeline:

1. User Query: A natural language query is submitted to
the contextualized language model.

2. Language-Based Reasoning Output: The model pro-
duces a natural language response containing actionable
details and contextual qualifiers.

3. Symbolic Mediation: Decision-relevant attributes are
identified and structured for symbolic interpretation
without attempting to exhaustively formalize the lan-
guage output.

4. Dual-Mode Dashboard Interface: Outputs are pre-
sented through a dual-mode interface that maintains both
representational forms:

the full
contextual

Preserves
support

e Textual Reasoning Panel:
language-based response to
understanding and traceability.

e Symbolic Representation Panel: Displays inferred
symbols that convey salient operational information at
a glance.

By maintaining both representations simultaneously, the
interface supports flexible sensemaking as task demands and
time constraints evolve.

Symbolic Inference Pipeline

Symbolic inference functions as a representational media-
tion layer rather than a comprehensive formalization of lan-
guage model output. The objective is to selectively surface
decision-relevant elements that can be reliably expressed
through standardized operational symbols. The inference
pipeline consists of the following stages:
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Figure 1: Hybrid neuro-symbolic architecture illustrating the neural language layer, symbolic mediation layer, and representa-

tional interface layer.

Language Output Parsing

* Language Output Parser: Parses language-based rea-
soning outputs to identify entities, operational attributes,
and contextual qualifiers relevant to tactical decision-
making, including references to objects of interest, in-
ferred status or affiliation, spatial or temporal cues, and
conditional language.

Attribute Structuring

e Attribute Structuring Module: Transforms extracted
elements into structured representations that serve as in-
puts for symbolic mapping. This structuring is intention-
ally lightweight to support adaptability across scenarios
while avoiding brittle over-specification.

Rule-Based Mapping and Constraints

* Rule-Based Mapping Engine: Applies rule-based logic
that encodes domain knowledge about how combinations
of object type, affiliation, and status correspond to oper-
ational meanings.

* Confidence and Completeness Constraints: Deter-
mines whether symbolic representations should be gener-
ated. When conditions for reliable inference are not met,
symbolic output is withheld to avoid introducing mis-
leading cues.

Symbol Schema and Representation

Symbol generation draws on a shared representational foun-
dation while remaining extensible:

e Symbol Library: Grounded in standardized military
symbology defined by MIL-STD-2525, supporting fa-
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miliarity and consistency with established operational
practices.

* Custom Symbol Extensions: Enable representation of
concepts not fully captured by existing standards, allow-
ing the symbolic schema to evolve alongside operational
needs.

By treating symbolic inference and schema design as an
extensible representational framework rather than a fixed
taxonomy, the system maintains alignment with established
practices while accommodating emerging representational
requirements.

Dual-Mode Dashboard Interface

The system presents outputs through a dual-mode dashboard
interface in Figure 2 designed to support interpretation under
varying cognitive and temporal demands.

The textual reasoning panel preserves the full language
model response, providing contextual detail, justification,
and traceability. This view supports deliberation, verifica-
tion, and reflection, particularly in situations where users
need to understand how conclusions were reached. In par-
allel, the symbolic representation panel displays only those
symbols that can be reliably inferred by the symbolic in-
ference layer. These symbols are intended to convey salient
operational information at a glance, supporting rapid orien-
tation and comparison without requiring users to parse ex-
tended text.

The current interface in Figure 2 serves as a pilot instan-
tiation of this design, illustrating how symbolic mediation
can be operationalized without constraining future interface
or workflow integrations. By presenting both representations
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Figure 2: Dual-mode dashboard interface illustrating the
parallel presentation of language-based reasoning and in-
ferred symbolic representations.

concurrently, the dashboard supports adaptive sensemaking.
Users can rely on symbolic cues when time pressure is high,
while retaining access to language-based explanations when
greater context or justification is needed. This design reflects
the system’s role as a decision support aid that shapes inter-
pretation rather than automating decision-making.

Discussion

This work offers several observations about the role of rep-
resentation in language-based decision support for tacti-
cal contexts. First, introducing a symbolic mediation layer
provides a means of making salient elements of language
model outputs immediately legible without requiring opera-
tors to parse extended textual responses. By selectively ren-
dering decision-relevant attributes as standardized symbols,
the system supports rapid orientation while preserving ac-
cess to contextual detail through accompanying language-
based reasoning.

Second, symbolic mediation functions as a diagnostic
mechanism rather than a purely translational one. In cases
where symbols cannot be confidently inferred, the absence
of symbolic output becomes informative, signaling ambigu-
ity, missing information, or implicit assumptions in the un-
derlying language-based reasoning. More broadly, these ob-
servations highlight the importance of treating representa-
tion as a first-class design concern in Al-enabled decision
support. Language models are often evaluated primarily on
fluency and plausibility, yet operational use requires atten-
tion to how information is structured, constrained, and ren-
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dered actionable. Symbolic mediation offers a complemen-
tary representational strategy that bridges expressive rea-
soning and operational practice, supporting shared under-
standing and adaptive sensemaking across the sensing-to-
execution pipeline.

Limitations and Future Directions

This work is limited in scope by its focus on system ar-
chitecture and representational design rather than empirical
evaluation with operational users. The symbolic inference
mechanisms rely on rule-based mappings informed by rep-
resentational analysis and operational standards, and have
not yet been validated in live or simulated decision-making
settings. As such, the system does not claim to improve
decision accuracy or performance, but instead illustrates a
design approach for structuring language-based reasoning
in support of human judgment. Future work will examine
how language model outputs align with symbolic represen-
tations across decision-relevant concepts, informing refine-
ment of mapping rules, confidence constraints, and symbolic
schemas. Additional directions include integrating the sys-
tem into training and rehearsal workflows and investigat-
ing how symbolic mediation supports trust calibration, ex-
planation, and shared situational awareness in human—Al
teams. By treating representation as an active design layer
rather than a passive output format, this work points toward
a broader research agenda for aligning language-based Al
systems with the cognitive and operational demands of time-
sensitive decision-making environments.
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