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Motivati
/ \ / [ P1: Self-management reduces hospitalizations N
[ P1:Probiotics enhance influenza immunity ]

P2’s investigation of X affecting Y cited by, "year": 1999,

directly addresses P’1 focus on self-mgm of

kﬂOWledge%j . . . cited by ' S o "citation count": 2315
synthesis © e L[ MscanactasAlscientists, generating hypotheses [ 7t Gt o ota affecte Mfection ] [ P2: CHW improves diabetes outcomes ]
_ _ _ A ) Key hypothesis in P3 in partially SEA Fyeanh's BEL:
Ny ted b supported by investigation P2 in terms R Atation. counchy 355
'35’ dea %j and designing experiments. - Akkc. e .”d — spported b imestiaton P2 l i
. ) . .- . : Akkermansia reduces viral impac
d generation e But scientific hypotheses must be logically grounded, ) oroposes | [ P3: Nurse-CHW team benefits care ]
P4 proposes 12-month behavioral

intervention to improve diabetes control proposes, "year": 2013,

] . <& Iﬂterpreta ble, a nd ba Sed on eX|St| ﬂg khOWledge [ P4: Probiotics as antiviral therapy ] building on P3’ results about culturally "citation_count": 100
: eXperlmeﬂt 2 \\ J adapted nurse-CHW team

Q0 : : ;
'@ ..... @ deSIQ n Temporal Progression [ P4: CHW lowers healthcare utilization

& In biomedical research, hypotheses (1) Generated hypothesis T T—— K Chain of Reasoning /

p) 2 (no grounding (3) Generated well-grounded hypothesis
) 2 information) (with literary provenance and coherent reasoning)

(no coherent argument for entire chain)

Existing work: . .
| must be grounded in evidence,
e Reliance on co-occurrence patterns or !

surface-level similarity logically interpretable, and ,;

e Poor logical progression and no provenance  scientifically valid — not just
between ideas

How can we train an LLM to navigate the noisy literature and generate novel and

tive.
creative impactful ideas that are grounded in a solid understanding of existing work?

HypER: Our Approach

Building Temporal Reasoning Chains
Curated temporal reasoning chains form the backbone of HypER

HypER is fine-tuned jointly on three complementary tasks to capture reasoning

from local dependencies to multi-hop chains

0: No connection to source or a review paper

One_hop Relevance Classification (1_hop) 1: Inspired by the hypothesis or findings of the source paper
Input: SOUFCG paper + target paper igb?iigii}l}ize:)ependent on the findings of the source paper (contains
Output: fine-grained relevance score - {0: irrelevant, 1: inspired, 2:
dependent} Isnup:::nsail:zr:teigﬁcdzta / Next source paper is the top-1 paper (iterate till exploring 2024 papers) \
= | |
=0
= SE”;antiC =" Relevancy N @5?
. . . . . . - scholar API S . op relevant papers ©=
Multi-hop Agnostic Chain Validation (multi-hop-A) = > Q‘ | | — | > (o=
Input: temporally ordered paper chain Review paper ’ —
; . : ) . i and associated source paper, year Citing papers from Pi -> {title, explanation, Top-1 Paper Selection
OUtpUt: Va“d / Ihvalld + breapr”TtS |f |nval|d pubmed next two years (Pi) relevancy score} (Relevance + Impact)

papers \

Multi-hop Contextual Chain Validation (multi-hop-C) Q/ Valid chains:
Input: paper chain + target hypothesis -> directly obtained from the iterative
Output: valid / invalid + breakpoints construction process (379 chains)

Hypothesis Generation with HypER X Negative chains:

Analysis:. .. : :
Rationale: ... -> Easy: swap with irrelevant paper (1184)
Research Idea:... . ! :
Hypothesis: In patients with critical limb -> Hard: break or |nsert |nCOherent |Ih|<S
ischemia d to inf liteal T

HypER Jisease, drug-eluting BVS will result in (455)

higher primary patency rates, lower rates
of major adverse limb events, and improved

limb salvage rates compared to angioplasty
at 1 year.,..... a e Ways

o +22% absolute F1over base models in distinguishing valid vs. invalid

reasoning chains.
e Generates more evidence-grounded hypotheses (0.327 vs. 0.305

Research Questions

RQ1. Can HypER differentiate between valid and invalid reasoning chains®?

baseline).
RQ2. Does reasoning chain validation improve the quality of generated e Human experts (clinicians & biomedical researchers) rated outputs »
hypotheses? 3.5/ 5 for feasibility and impact, in some cases anticipatory of recent
studies.

Dataset and Models _:(\, Example of a hypothesis generated by HypER with expert review

o= QJ
e Models: Ph|‘3'38B, LLaMA-32-BB, " " " " " I oz ain Summa (=) enerated Output Expert Comment
Mistrall ite-7B-32K Semantic similarity = reasoning quality Z— & Generaed Ourp B poperc

e Chosen for similar size Pu bMed BERT scores are nea r|y |dent|Ca | for Va| |d 3 nd iNnva | |d Cha INS Domain: Rheumatology (ReviewID: CD003688)  Rationale: The first two papers in the list build upon the original f?at{ona/e_ followed from the analysis? o0
’ ] ) . ] ) Chain (Input to HypER): Source(P0) - research on nurse-CHW interventions for diabetes care in American Rationale is relevant to the analysis & B
. : . ~ Evidence suggesting that a chronic disease Samoa. The first paper provides additional data on health care with minimal ambiguity” 4/5
|nStrUCt|On‘tun|ng, and |Ong-C0nteXt ( 0988 VS 0987)’ prOV|ng that Semaﬂth Slmllarlty alone CannOt self-management program can improve health utilization, while the second paper offers insights into the training ol
. I status while reducing hospitalization: a program'’s effectiveness and participant satisfaction. These papers
haﬂd | | ng ensure |Og ICal COherence randomized trial. Abstract....(Year: 1999) collectively contribute to a better understanding of the nurse-CHW Research idea followed from the rationale? 2?
. . . (P1) - Effectiveness of a community health intervention's impact and implementation in different settings. The “Yes, it follows with the rationale as it focuses
o Basel INeS: NO reasonl ﬂg ‘Cha IN |—| E R | . . h | d f . | | . | d h . h . worker intervention among African American third paper, while important, does not directly relate to the original on improving health status of chronic patients
o o and Latino adults with type 2 diabetes: a research topic. using community based intervention programs”
SuU perVISIOH yp a Ig NS Wlt vall parts O partla y Invalld cnains, snowil ng randomized controlled trial. Abstract....(Year: Research idea: Evaluate the long-term effectiveness of nurse-CHW
. . : 2017) interventions for diabetes care in resource-limited settings and Clarity: (4)
® HypE R refers to the fine-tuned version deeper reasoni ng awareness. B e - , assess the sustainability of the intervention’s impact on diabetes Feasibility (5): “Somewhat confident that hypothesis is testable”
. _ . . . . . : : : . (P4): Diabetes training for community health control and health care utilization Originality (4): "Actual paper talks about chronic disease self
Of the Ph | '3‘ mini ‘1 28 k‘ | nStrUCt_S . 8 B o Ca ptu res SClentlflc dependenC| es a nd d |ﬂ:e rentlates va | |d VS. |nva| |d workers on an American Indian reservation. Hypothesis: Nurse-CHW interventions for diabetes care in management and its impact leading to reduced hospitalization, while
d | (AFSJSS)’[V\?\%?{('Y?“ Izm 8) b o CoriextShecit resource-limited settings lead to sustained improvements in HbA1c the hypothesis focuses more on Nurse CHW intervention and its
: : : : : : What Is the Impact of a Context-Specific ions i isi i i o i
moae reason | ng Cha | nS beyond Su rfa Ce S Ml |a rlty sk o fo? Home-Based Careprs? A Ieyels an_d reductions in emergency department visits for impact on Dlabetgs care. Ch.romc |Ilr1esses may also include asthma,
Chosen s M3 . n mode| e fo med best B tg S% dy Abstract..(Year: 2020) diabetes-related complications. arthritis, etc. not limited to diabetes
[ | = FTor . . valuation Study Abstract... (Year: Impact (4)
p ® GeﬂerateS g FOU ﬂded hypOtheSeS a nd eﬂa bleS eV| denCe-d nven, Chain Label: valid @} LLM-as-judge "https://www.sciencedirect.com/science/article/pii/S221133552400
> / 0603. This was present in recent papers”

among a” teSted SLMS Structured researCh IdeatIOﬂ L& Clarity: (3) Feasibility (3) Originality (3) Impact (3.6)



