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Core Research Question

Can a Knowledge Graph actually perform the
reasoning task it was designed for?

py
L

A Benchmark for Gap and Overlap Analysis as a Test of KG Task Readiness




Complex business insurance scenario involving multiple policies
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Use Case

COMPARING INSURANCE CONTRACTS

THE OLD WAY

THE WORDING IS

100+

pages per policy

@ Subtle
; wording
differences

Millions
of dollars
in risk

Manual
Z comparison

is slow and
error-prone

Gap and Overlap Analysis

For a given real-world scenario, which contracts:
e Cover the event?
e Deny the event?
e Do Not Apply?

Definitions

e Overlap: Multiple contracts provide coverage
for the same scenario.

e Gap: No contract provides coverage.

e Conflict: Contracts differ in how they treat
the same event.

Why do we need this?

e Reveals missing protection

e Identifies redundant coverage

e  Supports product comparison and
harmonization

e Requires precise, rule-based reasoning
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An Insurance KG is Task-Ready if it can:
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Contributions
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A manually curated corpus of ten simplified but diverse life insurance contracts, verified by a
domain-expert.

A domain ontology (TBox) that formalizes the main contract concepts and relations, together with

an aligned knowledge graph (ABox) populated from the contract facts, enabling deterministic,
query-based analysis.

A suite of 58 structured scenarios and a corresponding ground truth for gap and overlap
analysis.

- For each scenario, we include contract-level outcomes and clause-level source excerpts
that justify those outcomes, supporting traceability and diagnosis.

Evaluation:
- Atext-only LLM pipeline that infers contract responses for each scenario,

- An ontology-driven pipeline that answers the same scenarios using SPARQL over the
instantiated ontology.
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The Contracts

Moderate Simple

Complex

C1 - Basic Term Life

20-yr Level Term

Q. Simple structure, conversion

I~ privilege

@ Foundational concepts. basic
beneficiary structure

BE Minimal exclusions (suicide
only)

C2 - Whole Life With

Dividends

Participating Whole Life

Cash value, dividends. policy

loans. non-forfeiture options

Permanent insurance,

investment component

O 4 dividend options, detailed
loan provisions

Y

C4 - Variable

Universal Life
Var. UL with Sub-Accounts

Investment options, unit values,

&’.M&E charges, fund expenses,
securities regulation

@ Investment risk, complex fee
structure

O War and aviation exclusions,

D0 SEC disclosure

C5 - Final Expense

Simplified Issue Whole Life
Graded death benefit.

= guaranteed issue, no medical
exam, small face amount

@ Senior market, underwriting
altermatives

O Graded benefit schedule,
accidental death exception

C3 - Universal Life
Flexible Premium UL

'& Flexible premiums, cost of
insurance charges, interest
crediting, withdrawals

Unbundied product structure,
premium flexibility

Ox Detailed deduction mechanics,

surrender charges

C8-Joint Survivorship
Second-to-die Whole Life

I&,- Two insureds, estate planning
focus, trust ownership, first
death provisions

@ Joint life concepts, estate tax
planning

O Split option, simultaneous
death clause

C6 - Group Term Life
Employee Group Coverage
Employer-sponsored,
conversion rights, Portability,
salary-based benefit

_~

Group insurance concepts,
employment relationship
o Waiver of premium for
00 disability, late entrant rules

C7 - Term Life With

Riders

30-year Term with 6 Riders

Rider package, waiver of

premium, accelerated

benefits, children's coverage

@ Rider mechanics, living
benefits

O Aviation waiver, guaranteed

s insurability option

&~

C10 - Indexed

Universal Life
Equity-Indexed UL
Index accounts, market

(4 protection, crediting methods,

cap/floor/participation rates
@ Alternative crediting,
market-linked products
O Point-to-point method,
90 multiple indices

C9 - Return of

Premium Term

20-year ROP Term

Q, Premium refund at maturity,

~ graded surrender values, no
loans/withdrawals

@ Hybrid term structure, maturity
benefits

Ox Proportional death benefit,

00 ROP schedule

Figure 1: Overview of the 10 life insurance contracts categorized by complexity. The contracts are

grouped into three levels: Simple, Moderate, and Complex, based on their complexity and range of features. R,

©,and 88 represent the Key Features, Focus, and Uniqueness, respectively. C1-C10 are the identifiers of the

contracts.
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This progression is
important because it
allows us to test whether
both the knowledge graph
and LLMs can handle
increasingly sophisticated
contractual structures.




The Ontology
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li:SuicideExclusion a owl:Class ; rdfs:subClassOf li:Exclusion ;
rdfs:label "Suicide Exclusion" ;
rdfs:comment "Present in ALL 10 contracts. Period: 12 months (C6 only); 24 months (

c1,c2,c3,C4,C5,C7,C8,C9,C10). Benefit outcome varies - use li:suicideBenefitType
object property with li:SuicideBenefitType individuals."

1i_abox:SuicideExclusion_C1 a li:SuicideExclusion ;

1 b B
g b 0
1 15 K
1 1
14.¢

suicideExclusionPeriodMonths 24 ;

suicideBenefitType li:ReturnPremiumsPaid ;

sourceContractID "C1" ;

sourceContractSection "Section 7.1" ;

coverageSourceText "SUICIDE CLAUSE: If the insured commits suicide within two
years from the issue date, our liability is limited to a refund of premiums paid

" .
3
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The Ontology - Qualities
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e Class hierarchy is organized around the P -— <<Named Individual>>

H li:Exclusion li:ReturnPremiumsMinus
subsum ptlon pattern WithdrawalsAndCharges

e Where a concept admits a fixed set of rdfs:label  “Exclusion” a li:SuicideBenefitType
mutually exclusive values, the TBox #contracts: C10 only
applies the value partition pattern

rdfs:subClassOf

<<owl:Class>>

li:SuicideBenefitType

rdfs:comment "Controlled
vocabulary for what is paid

e Maintains a clean TBox/ABox separation <<owl:Class>>

li:SuicideExclusion

e Object and datatype properties carry

rdfs:subClassOf li:Exclusion

explicit rdfs:domain and rde:range rdfs:comment “Present in when death occurs by
declarations ALL 10 contracts............ i suicide within the exclusion
) . . . period." .
e Dedicated datatype properties defined in rdfs,.doma,-nk\ rdfs_.doma,-,,\\ I
the TBox: sourceContractiD, \ e
H <<owl:DatatypeProperty>> <<owl:ObjectProperty>>

sourcecontraCtseCtlon’ and li:suicideExclusionPeriodMonths li:suicideBenefitType
coverageSourceText. rdfs:domain li:SuicideExclusion rdfs:domain li:SuicideExclusion

- Helps with traceability rdfs:range  xsd:integer rdfs:range li:SuicideBenefitType

<<Named Individual>>
li:ReturnAccountValue

a li:SuicideBenefitType
#contracts: C3 only

<<Named Individual>>
li:ReturnPremiumsMinus
Withdrawals
a li:SuicideBenefitType

#contracts: C4 only

<<Named Individual>>
li:ReturnPremiumsPaid

a li:SuicideBenefitType
#contracts: C1,C2,C5,C7,C8,C9

<<Named Individual>>
li:NoBenefit

a li:SuicideBenefitType
#contracts: C6 only

Figure 2: A representative TBox excerpt
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The Ontology - Coverage
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Figure 3: Ontology Coverage Analysis. Extracted keyphrases from the contracts are matched against the
ontology TBox aritfacts (classes, properties, labels) using three different matching techniques. Example tuples
(s, 0) denote the source contract term (s) and its corresponding mapped ontology artifact (0).

li:PremiumNonpaymentGracePeriod a owl:Class;
rdfs:comment “Triggered by failure to pay a scheduled premium. Coverage continues for specified days after
premium due date. C1: 31 days, C2: 31 days, C5: 30 days, C7: 31 days ..., C9: 31 days.”
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Scenario Suite

e Scenario Description: A natural language
prompt detailing a specific insurance event
(e.g., SCEN-003: “Insured dies by suicide
exactly 13 months after the policy issue date.
All premiums paid on time.”).

e Double-Query Ground Truth: Two distinct
SPARQL queries, one to identify contracts
where the claim is covered and one where it is
denied.

e Contract-Level Outcomes: Manually verified
ground truth for each of the ten contracts
(C1-C10), detailing the specific status:
COVERED, DENIED, or NOT_APPLICABLE.

e Traceability Evidence: For every outcome,
we include the verbatim sourceText and
sourceSection from the original contract to
ensure results are auditable and explainable.
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"scenario_id": "SCEN-008",

"category": "POLICY_LAPSE_NON_FORFEITURE",

"scenario_description": "After several years, the policy owner stops paying premiums and neither surrenders the policy nor selects
"query_covered": "PREFIX li: <http://www.lifeinsurance.org/ontology#> SELECT DISTINCT ?contractID ?optionType ?sourceSection ?sour
"query_denied": "PREFIX li: <http://www.lifeinsurance.org/ontology#> SELECT DISTINCT ?contractID ?sourceSection ?sourceText WHERE

"contract_responses": [

"contract_id": "C1",

"status": "NOT_APPLICABLE",

"details": "Term life policy with no cash value. Upon lapse, coverage simply terminates. No non-forfeiture options exist.",
"source": "Section 6.3: 'If the premium is not paid by the end of the grace period, the policy will lapse and coverage will te

"contract_id": "C2",
"status": "COVERED",
"details": "After 3+ years, Extended Term Insurance automatically applies if no election is made within 6@ days of lapse. The
"source": "Section 9.3, 9.4: 'EXTENDED TERM INSURANCE: Continue the full face amount for a limited period based on cash value.

"contract_id": "C3",

"status": "COVERED",

"details": "Upon lapse, any Account Value in excess of surrender charges is automatically paid to the policy owner. No traditi
"source": "Article 10.3: 'Upon lapse, any Account Value in excess of surrender charges will be paid to you automatically.'"

"contract_id": "C4",

"status": "NOT_APPLICABLE",

"details": "No traditional non-forfeiture options explicitly listed. Upon lapse, any surrender value remaining after account v
"source": “Section 7 addresses lapse conditions but does not specify non-forfeiture options beyond surrendering the account va

"contract_id": "C5",
"status": "COVERED",
"details": "After 2+ years, the policy automatically continues with a reduced benefit amount based on the accumulated cash val
"source": “Section 8.1: 'After 2 years, if you stop paying premiums, your policy will automatically continue with a reduced be
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Gap and Overlap Analysis

[ Overlap; rea(s) = {c € C | sis COvERED under c } ] [ Gapipsured(s) = { ¢ € C | sis DENIED or NOT_APPLICABLE under c } ]

o Q; : a coverage query that retrieves contracts
for which the scenario is COVERED M[s, c] — COVERED ifc e Ans(Q;"),

e Q_ :adenial query that retrieves contracts for M(s, c] = DENIED if c € Ans(Q5 ),
which the scenario is DENIED M][s,c] = Not_ArpricaBLE  if c ¢ Ans(QT) A c ¢ Ans(Q3).

e M : Scenario-by-contract outcome matrix

Executing the scenario queries over all s € S yields a scenario-by-contract outcome matrix:
M]s, c] € {CoVERED, DENIED, NOT_APPLICABLE}.

From M, insured-centric overlap and gap can be computed directly:

|Overlapyyuea(s)| = |{ ¢ € C | Ms,c] = Coveren}|,
|Gapinsured(S)| = |[{ ¢ € C | M[s, ] € {DENIED, NOT_APPLICABLE} }|.
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Results
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The three most complex contracts in the benchmark all appear among the top-five most
error-prone contracts for a majority of the evaluated models.

The quality of evidence citations provided by LLMs varies substantially.

LLMs frequently makes decisions based on it’s prior knowledge about certain things rather than
completely relying on the given data.

Model Accuracy
Unanimous Correct 283 pairs (48.8%)

Claude Sonnet 4.6  87.76% (509/580)

ChatGPT-5.3 72.93% (423/580) o — 203 pairs (35.0%)
Gemini-3 65.17% (378 /580)

Aggregate 75.29% (1310/1740) Partial Success (Contested) - 55 pairs (9.5%)

Mismatch type (TRUE — PRED.) Count TR 33 pairs (5.7%)
NOT_APPLICABLE — DENIED 207

NOT_APPLICABLE — COVERED 126 Complete Disagreement ] 6 pairs (1.0%)

COVERED — DENIED 30

COVERED — NOT_APPLICABLE 30 0 10 20 30 a0 50
DENIED — COVERED 23 Percentage of Total Evaluation Set (%)
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Gap/Overlap Analysis as a Test of KG Task Readiness

e Shifts evaluation from "data completeness" to "analytical utility": can the KG
handle complex, rule-based comparisons?

e If the ontology-based representation can determine which contracts cover a
scenario and which don't, consistently and with clause-level justification, it has
proven its task readiness.

e The 58 scenarios function as executable competency questions: passing them
means the TBox and ABox are sufficient to support the analytical task they
were built for.

py
L

A Benchmark for Gap and Overlap Analysis as a Test of KG Task Readiness




Conclusion

e Gap and overlap analysis serves as an effective test of KG task
readiness.

e \We release an executable, auditable benchmark: 10 expert-verified
contracts, a domain ontology (TBox + ABox), and 58
SPARQL-grounded scenarios with clause-level evidence, all fully
aligned.

e Code:
https://github.com/brains-group/gap_and_overlap_analysis_insurance
contract benchmark

e Questions?

- senevo@rpi.edu
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https://github.com/brains-group/gap_and_overlap_analysis_insurance_contract_benchmark
https://github.com/brains-group/gap_and_overlap_analysis_insurance_contract_benchmark

Postdoc Opportunity

| am hiring a Postdoctoral
Researcher in Agentic Al &
Federated Language Models at RPI.

More Info:
https://www.linkedin.com/pulse/postdoct
oral-researcher-agentic-ai-federated-lang
uage-seneviratne-vppce
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