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Motivation

TREC Precision Medicine

&) Bibliometric measures are implicit ntion
relevance signals

Relevanc

1
|#” Correlation between bibliometrics and

relevance labels of IR test collections [1]

© How to exploit these relevance signals
for document retrieval?

[1] Relevance assessments, bibliometrics, and Citation

altmetrics: a quantitative study. on PubMed and arXiv, s Documents with Citation score

Breuer, Schaer, and Tunger, Scientometrics 2022 = Documents with Relevance and Citation scores
@ Documents with Attention and Citation scores

mmm Documents with Relevance, Attentation, and Citation scores
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Methodology
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Figure: Bibliometric data fusion based on polyrepresentation.
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Research Questions

RQ1 To what extent can bibliometric relevance signals be used as ranking criteria for
biomedical information retrieval?
RQ2 Can bibliometric-enhanced data fusion methods improve the overall retrieval

performance?
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Research Questions

RQ1 To what extent can bibliometric relevance signals be used as ranking criteria for
biomedical information retrieval?
RQ2 Can bibliometric-enhanced data fusion methods improve the overall retrieval

performance?

E — = i) Rankings based on bibliometric measures
& 2 & — = i) Rankings based on fused bibliometrics

&) & — = iii) Bibliometric data fusion with retrieval systems
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Polyrepresentation

CITATIONS
In-links to titles
authors & passages

“Cognitively and functionally different
representations of information objects may
be used in information retrieval to
enhance quality of results.” [2]

COGNITIVE
OVERLAP

SELECTORs
Journal name
Publication year
Database(s)
Corporate source
Country
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© Enhance biomedical retrieval systems
with bibliometric metadata like citations,
altmetrics, etc.
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Figure: Principle of polyrepresentation (reproduced from [2]).
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Data Fusion

Combine multiple rankings for better retrieval
effectiveness than the best single ranking.

Reciprocal Rank Fusion [3]:

RRF score(d € D)

> @

D is the document set,

R is the set of fused rankings,
r(d) is the rank r of document d,
k is a fixed parameter set to 60.

Breuer, Kreutz, Schaer, Tunger
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Data Fusion

— T~

Rank-based Score-based

] T |

Voting-based Probabilistic ~ WMNZ [5]

BordaFuse [4] BayesFuse [4]

RRF [3]

Figure: Overview of the analyzed data fusion methods.
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TREC Precision Medicine Abstract Task 2017 to 2019

) TREC organized several biomedical

shared task, e.g., Precision Medicine
Table: Number of relevance judgements, of teams who

submitted and of submitted runs per year of TREC-PM.

@ Two tasks: Ranking of 1) medical Year | Topics | Qrels | Teams | Runs
abstracts and 2) clinical trials 2017 | 30 [22642| 29 125

2018 50 22,429 24 103
2019 40 18,316 14 62

& Information needs / topics
based on patient profiles
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Retrieval Engines and Approaches of TREC-PM 2017 to 2019

© Most of the rankings are made with a
Lucene-based retrieval engine

© Data fusion is a common technique

! Few systems use bibliometric metadata
to rank scientific abstracts

Table: Overview of TREC-PM 2017 to 2019.

2017 2018 2019 | )

Reports per year 20 20 14 | 54
ElasticSearch 5 8 7 20
Lucene 6 3 2 11
Terrier 3 3 1 7

_é unknown 1 2 2 5
5 Solr 2 2 1 5
Galago 2 2
Indri 1 1 2
Whoosh 1 1 2
Query expansion 16 14 12 | 42

KB + ontologies 17 14 6 37

é Re-ranking 6 7 9 22
¢ Embeddings 3 5 5 13
g_ Data fusion 4 5 3 12
£ LTR 1 3 5 |9
LLM 3 3
Citation-based 2 2
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Coverage of Bibliometric Metadata

-
&= Dataset covers

Citations, Table: Coverage of the bibliometrics wrt. judged abstracts
Altmetrics,
Publication years, Year 2017 2018 2019

Research levels, 14170

Impact factors.

(66%) | 11214 (55%) | 11381 (61%)
6134 (20%) | 4547 (22%) | 5639 (30%)
14586 (68%) | 11618 (57%) | 12221 (66%)
14067 (66%) | 11239 (55%) | 11707 (63%)
11449 (53%) | 9246 (45%) | 9387 (51%)

-2V >N

@ Public resource hosted on Zenodo:
https://doi.org/10.5281/zenodo.5883400
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https://doi.org/10.5281/zenodo.5883400

&) — = Rankings Based on Bibliometric Measures

& & & = = Rankings Based on Fused Bibliometrics
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& — i= Retrieval Effectiveness of Bibliometric Relevance Signals

© High recall rates comply with our
earlier work [1]

© Citations, Altmetrics, and Publication
years are the most effective bibliometric
relevance signals

! BM25 outperforms query-agnostic
bibliometric rankings

Table: Retrieval effectiveness of bibliometric relevance

signals. Superscripts denote significant differences.

Breuer, Kreutz, Schaer, Tunger Bibliometric Data Fusion for Biomedical IR

Model | C A P R [l BM25
Recall | 0.7853%% | 0.4162 | 0.7972°R" | 0.7608*7 | 0.63017 | 0.4640
| nDCG | 049924 | 0.3163 | 0.5069°%' | 0.4666" | 0.4162" | 0.4423
=S| AP 0.1812% | 0.1020 | 0.17334/ 0.1546 | 0.1399* | 0.1636
N1 PE10 | 0.2700% | 0.2400% | 0.2033 0.1200 | 0.2500% | 0.4667
Bpref | 0.1577 0.1434 | 0.1541 0.1307 | 0.1444 | 0.2714
Recall | 0.7916"% | 0.4066 | 0.8019"F" | 0.7739*7 | 0.64387 | 0.7828
| NDCG | 0.57284F" | 03651 | 0.5671°% | 0.52074 | 0.4744* | 0.6376
S| AP 0.2905%%" | 0.1765 | 0.2815*/ 0.25914/ | 0.22614 | 0.3195
1 P10 | 0.3760F | 0.3860% | 0.3180F 0.2360 | 0.3420% | 0.5680
Bpref | 0.2896* | 0.2355 | 0.2809* 0.2612 | 0.2506 | 0.4852
Recall | 0.8260"7 | 0.4732 | 0.8849"R" | 0.8435*7 | 0.66907 | 0.7574
| nDCG | 057547 103693 | 0.6031*F" | 0.5433*' | 0.4818" | 0.5870
= | AP 0.2756*% | 0.1633 | 0.2896”%' | 0.2442* | 0.2182* | 0.2584
1 P10 | 0.3525%" | 0.2850% | 0.3075R 0.1925 | 0.2850% | 0.5125
Bpref | 0.2460% | 0.2064 | 0.2416 0.2024 | 0.2283 | 0.3946
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& — i= Retrieval Effectiveness of Bibliometric Relevance Signals

© High recall rates comply with our
earlier work [1]

© Citations, Altmetrics, and Publication
years are the most effective bibliometric
relevance signals

! BM25 outperforms query-agnostic
bibliometric rankings

Table: Retrieval effectiveness of bibliometric relevance

signals. Superscripts denote significant differences.
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S| AP 0.2905%%" | 0.1765 | 0.2815*/ 0.25914/ | 0.22614 | 0.3195
1 P10 | 0.3760F | 0.3860% | 0.3180F 0.2360 | 0.3420% | 0.5680
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=| AP 0.2756"%" | 0.1633 | 0.2896"F' | 0.24424 | 0.21827 | 0.2584
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Bpref | 0.2460% | 0.2064 | 0.2416 0.2024 | 0.2283 | 0.3946
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& — i= Retrieval Effectiveness of Bibliometric Relevance Signals

© High recall rates comply with our
earlier work [1]

© Citations, Altmetrics, and Publication
years are the most effective bibliometric
relevance signals

! BM25 outperforms query-agnostic
bibliometric rankings

Table: Retrieval effectiveness of bibliometric relevance

signals. Superscripts denote significant differences.

Breuer, Kreutz, Schaer, Tunger Bibliometric Data Fusion for Biomedical IR

Model | C A P R 1 BM25
Recall | 0.7853%% | 0.4162 | 0.7972°R" | 0.7608*7 | 0.63017 | 0.4640
| nDCG | 0.4992°F | 0.3163 | 0.5069°%' | 0.4666" | 0.4162* | 0.4423
=| AP 0.18124 | 0.1020 | 0.1733% 0.1546 | 0.1399* | 0.1636
N1 PE10 | 0.2700% | 0.2400% | 0.2033 0.1200 | 0.2500% | 0.4667
Bpref | 0.1577 0.1434 | 0.1541 0.1307 | 0.1444 | 0.2714
Recall | 0.7916"% | 0.4066 | 0.8019"R" | 0.7739*7 | 0.64387 | 0.7828
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=| AP 0.2905%" | 0.1765 | 0.2815% 0.25914/ | 0.22614 | 0.3195
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Bpref | 0.2460% | 0.2064 | 0.2416 0.2024 | 0.2283 | 0.3946
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& — i= Retrieval Effectiveness of Bibliometric Relevance Signals

© High recall rates comply with our
earlier work [1]

© Citations, Altmetrics, and Publication
years are the most effective bibliometric
relevance signals

! BM25 outperforms query-agnostic
bibliometric rankings

Table: Retrieval effectiveness of bibliometric relevance

signals. Superscripts denote significant differences.
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Model | C A P R [l BM25
Recall | 0.7853%% | 0.4162 | 0.7972°R" | 0.7608*7 | 0.63017 | 0.4640
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N1 PE10 | 0.2700% | 0.2400% | 0.2033 0.1200 | 0.2500% | 0.4667
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& A & — i= Fusion of Bibliometric

2017
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Relevance Signals
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Figure: Retrieval effectiveness of fused rankings based on bibliometric relevance signals.
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Figure: Rank fusion-based improvements over the baseline runs for the TREC-PM Abstract task for 2017
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& A % — = Improvements of TREC-PM 2018 and 2019
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Figure: Rank fusion-based improvements over the baseline runs for the TREC-PM Abstract task for 2018 and 2019.
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1

5 — = What Kind of Systems Improve?

&

2017 2018 2019
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Figure: Number of systems vs. retrieval effectiveness before (dark) and after (light) bibliometric data fusion for nDCG@10

(blue) and nDCG®@1000 (red) for TREC-PM. The dashed line corresponds to the total number of systems.
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&) » & — = Do the Results Generalize?

© Almost all retrieval systems significantly
improve in terms of nDCG and AP.

© Tradeoffs between recall-based
improvements and lowered precision.

! Results generalize with all data fusion
algorithms and TREC-PM datasets.

Table: Bibliometric Data Fusion

based on RRF.

Year 2017 2018 2019
Number of systems 125 103 62
(Signif.*) improvements (nDCG) | 125 / 125% | 103 / 103* | 62 / 61*
Average improvement (nDCG) 0.2378 0.2384 0.1815
Overall change (nDCG) 0.2378 0.2384 0.1787
(Signif.*) improvements (AP) 125 / 123* | 103 / 103* | 62 / 55*
Average improvement (AP) 0.1173 0.1849 0.1237
Overall change (AP) 0.1163 0.1849 0.1161
(Signif.*) improvements (P@10) 37/ 18* 46 / 19* 3 /3%
Average improvement (P@10) 0.1589 0.2221 0.16
Overall change (P@10) -0.0299 0.0223 | -0.1518
(Signif.*) improvements (Bpref) 46 / 17* 47 / 36* | 15/ 6*
Average improvement (Bpref) 0.1047 0.1668 0.1294
Overall change (Bpref) -0.0033 0.0244 | -0.0453
June 27, 2023 17 /21
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& A ¥ — = Implications for (Patient) Users

= e TRECPM 2017 ™= = e s s o s s ey
=== TREC PM 2018
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Rank-biased Precision [6]:

RBP=(1-p)-» rj-p!

r; denotes relevance at rank i/,

p is the transition probability to the next
document and models the user’s patience.
The higher p, the more patient the user. 0

Number of systems that improve

0.800 0.825 0.850 0.875 0.900 0.925 0.950 0.975 1.000
P

Figure: Number of system improvements vs. user persistence.
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Answers to the Research Questions

RQ1: To what extent can bibliometric relevance signals be used as ranking criteria for

biomedical information retrieval?
© Bibliometric relevance signals can indicate relevant literature to some extent.
© Bibliometric rankings are not as effective as term-based retrieval methods.

© Fusing bibliometric relevance signals is less effective than using them in isolation.
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Answers to the Research Questions

RQ1: To what extent can bibliometric relevance signals be used as ranking criteria for

biomedical information retrieval?
© Bibliometric relevance signals can indicate relevant literature to some extent.
© Bibliometric rankings are not as effective as term-based retrieval methods.

© Fusing bibliometric relevance signals is less effective than using them in isolation.

RQ2: Can bibliometric-enhanced data fusion methods improve the overall retrieval

performance?
© For all systems of TREC-PM 2017 to 2019, the nDCG and AP scores can be improved.
© Not only weak baselines but also well-performing systems benefit from data fusion.
© The more patient the user, the higher the benefit.
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Thank You!

Thank you for your attention.
Questions?

) https://github.com/irgroup/jcd12023-data-fusion
@ https://ir.web.th-koeln.de
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