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Presentation outline

• Defining the problem (use cases)

• Overview of approach to the construction of topic-
specific publication data sets

• Overview of Minerva – a tool to facilitate the construction 
of thematic data sets

• Conclusion
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Defining the problem
 Librarians/bibliometricians, researchers, task forces and decision makers often 

need to retrieve sets of sci. publications pertaining to specific topics 
(thematics/areas)

• Literature review in support of:
- an original research project

- a meta-analysis/synthesis project

- a guideline

• Collect a census/sample of relevant publications for:

- Benchmarking purposes in a specific “priority” area

- Monitoring progress in a specific “priority” area

- Informing R&I strategy(ies)

- Evaluating the impact of a specific funding program

 Fictive problem: Retrieve publications pertaining to quantum technologies to 
assess country performances in this area
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Overview of approach

 Building a topic-specific publication data 
set involves a series of interlocked steps

Seed data 
set

Build 
queries

Recall

Precision

Topic 
definition

Knowl. 
space

Relevant 
keywords

Final topic-specific 
publication data set 
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Overview of approach – Topic definition
 A topic should be defined in collaboration with relevant stakeholders

 Possible definition source(s):

• Desk research (strategic plan, work programme, funding call, etc.)

• Programme managers

• Subject matter experts (various stakeholder types)

• Any combination of the above and more

 Definition of quantum technologies with broad ranging application in healthcare, energy, 
environment, etc. (Sources: Desk research and client):

• Quantum computing/information/simulation: applications, algorithms, architectures, quantum-classical interface, 
quantum hardware

• Quantum communication: quantum security/networks, quantum key distribution (QKD), quantum internet, chip-based 
technologies, quantum-safe communications, post-quantum cryptography

• Quantum sensing/timing: quantum sensors for a wide range of applications as well as quantum clocks for global 
navigation satellite systems and more...

• Quantum imaging: ultra-high sensitive cameras such as single photon cameras, single pixel cameras, extreme time 
resolution imaging, 3D profiling, hyper-spectral, ultra-low flux covert illumination, imaging beyond line-of-sight, and imaging 
of local gravity fields. 

• Quantum materials: superconductors, graphene, quantum spin liquids, and spin ices
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Overview of approach – Seed data set
 Several non-mutually exclusive options are usually available for operationalizing a topic definition 

in bibliometric terms to obtain a seed data set

• Specialized journals 

• Specialized research centres/groups

• Publications funded by a funding programme dedicated to the relevant area

• Literature cited by review articles focused on the relevant area

 Regardless of what makes up a seed data set, it should be:

• Representative of the whole area of interest (covering all relevant sub-topics)

• Precise (does not cover irrelevant publications)

• Seed data sets are rarely perfect and our iterative approach and tool helps uncover/resolve both issues

 For quantum technologies, the seed consisted of:

• Publications funded by UK’s National Quantum Technology Program (NQTP) (1,479 papers)

• Other options could have included specialized journals (e.g., IEEE Journal of Quantum Electronics, 
Quantum Electronics, Quantum Information Processing, Quantum Information and Computation, 
Advanced Quantum Technologies, Quantum Machine Intelligence, Materials for Quantum Technology) as 
well as publications cited by quantum technology reviews (4,766)



7

Overview of approach – Knowl. space
 Exploring the knowledge space 

covered by the selected seed data 
set can help ascertain its coverage 
is representative and precise
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Overview of approach – Relevant keywords
 One must then uncover highly specific keywords/search 

expressions to precisely retrieve relevant publications from 
the selected seed and beyond (to recover relevant 
publications from other portions of the selected database 
(here Scopus)). Potential sources from which to extract 
keywords include:

• Keywords extracted from the seed (in desc order of 
relevance)

• Desk research

• Controlled vocabulary (specialized DBs such as Medline 
(MeSH) and Embase (Emtree))

 Relevance of keywords from the seed:
• NLP extraction

• Ranking by TF-IDF
𝑇𝑇𝑇𝑇−𝐼𝐼𝐼𝐼𝐼𝐼 = 1 + log 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡 ∗ 𝑙𝑙𝑙𝑙𝑙𝑙( ⁄𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑑𝑑𝑓𝑓𝑆𝑆𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡 )

• All terms must be checked: single terms, expressions that 
may not be that specific, and those that may relate to 
fundamental physics more than to technology (highlighted in 
red)

Keyword
Occurrence in 
seed

Occurrence in 
Scopus

TF-IDF

Quantum Key Distribution 120 4,277 8.91
Single Photon Avalanche Diode 62 1,306 8.65
Quantum Communication 98 5,657 8.36
Quantum Cryptography 71 4,856 7.95
Particle Beam 132 14,513 7.82
Quantum Computer 116 13,022 7.72
Quantum Optics 166 23,815 7.66
Quantum Computing 108 10,640 7.66
Avalanche Diodes 39 1,437 7.58
Quantum Network 50 2,177 7.50
Quantum 525 127,503 7.49
Quantum Channel 38 2,926 7.40
Key Rate 60 1,779 7.38
Photon 327 128,293 7.20
Single Photon Detector 42 2,016 7.01
Quantum Information 72 7,781 6.92
Quantum State 87 11,808 6.83
Quantum Theory 140 59,262 6.59
Laser Cooling 26 1,761 6.55
Metrology 74 22,249 6.49
Quantum Device 33 2,925 6.44
Quantum Mechanics 63 15,517 6.39
Quantum Dot 169 77,187 6.32
Single Photon Source 21 1,802 5.96
Quantum Simulation 24 2,412 5.96
Quantum Circuit 33 3,248 5.83
Quantum Information Processing 31 4,345 5.80
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Overview of approach – Building queries
 Relevant keywords are then tested prior being committed to the collection of search queries. Each 

keyword is iteratively tested to:
• Confirm relevance and assess precision

• How to refine search strategies?

- Combine several keywords with or without use of advanced features such as proximity searches

- TITLE-ABS-KEY("quantum" OR "sensor"):       To many false positives

- TITLE-ABS-KEY("quantum" AND "sensor"):       To many false positives

- TITLE-ABS-KEY({quantum sensor}): OK but restrained (470 results)

- TITLE-ABS-KEY("quantum sensor"): Better but still restrained (1,150 results)

- TITLE-ABS-KEY("quantum" Pre/2 “sensor"): Better but still restrained (1,799 results)

- TITLE-ABS-KEY("quantum" W/2 “sensor"): Ideal (2,343 results)
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Overview of approach – Building queries
 Relevant keywords are then tested prior being committed to the overall search queries. Each 

keyword is iteratively tested to:
• Confirm relevance and assess precision

• How to refine search strategies?

- Limiting scope of search using keywords or subject areas

- TITLE-ABS-KEY("quantum" AND "material" AND NOT "dance")

- (TITLE-ABS-KEY (("quantum" AND "material" )  AND NOT  SUBJAREA (arts))

- Limiting the search to author keywords (i.e., excluding keyword enrichment (controlled vocabulary) which can 
sometimes incorrectly infer relevance of keywords to some documents)

- ((TITLE-ABS("cesium beam") OR AUTHKEY("cesium beam")) instead of TITLE-ABS-KEY("cesium beam")
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Overview of approach – Recall
 As queries are committed to the overall search 

query, recall is estimated to:
- Assess whether recall is satisfactory

- Here we stopped at 70%

 Additional items (e.g., journals) against which 
to individually test recall can be added to:

- Assess whether some relevant areas might 
have been overlooked

 Explore the unretrieved portion of the seed to:
- Find patterns among relevant unretrieved 

outputs → new search queries

- Compute precision of leftovers:
- 30% of seed with 50% precision

- Corrected recall = 70% / (70% + (30%*50%)) = 
82%

Scopus

Seed

Cumulative 
search query

Recall rate = 
70%

Unretrieved portion may relate to 
noise in the seed: random sample to 

test precision
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Overview of approach – Precision
 Random sample of publication manually tagged 

as relevant or irrelevant by an analyst/expert to:
- Assess whether precision is satisfactory

- Here we stopped at 90%

 If precision is too low for the specific use case, 
the overall search query must be fine tuned by:

- Checking individual queries (i.e. keywords) 
retrieving a large share of publications not 
captured elsewhere. Indicative of:
- Irrelevant query needs to be restrained or removed

- Relevant query may point an overlooked area

- Improving individual queries looking for common 
patterns in the detected false positives

 Iteratively balancing recall and precision is a fine 
and challenging task!

Scopus

Seed

Cumulative 
search query

Random sample of 100 papers 
retrieved by the overall query to 

assess precision

Recall rate = 
70%
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Overview of Minerva – a tool to facilitate the 
construction of thematic data sets

 Tool is under construction
- For internal use in bibliometric 

studies

 Feedback welcome on 
whether such a tool could be 
of use in your work, and for 
which use case(s)
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Overview of approach – Topic definition
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Overview of approach – Knowl. Space/relevant keywords
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Overview of approach – Build queries
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Overview of approach – Build queries
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Overview of approach – Recall

Primary seed: NQTP- supported papers
No. of papers: 1,479
Retrieved papers: 1,056
Recall: 71%
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Overview of approach – Recall
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Overview of approach – Recall
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Overview of approach – Precision

Single-Photon Avalanche Diode

Soil Plant Analysis Development (SPAD) chlorophyll meter

Precision = 16%
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Overview of approach – Precision

Precision = 100%
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Overview of approach – Precision

Precision = we stopped improving the overall query 
at about 92-93% with a recall of 70%
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Conclusion
 Keyword-based approach

- Advantage(s): Transparency, reproducibility, ease of interpretation by a human

- Disadvantage(s): Time-consuming, assessment of recall/precision can be challenging for non-experts

 AI-based approach
- Advantage(s): Fast and less time-consuming, results can still be assessed for precision even if black box

- Disadvantage(s): Logical black box (even with methodological details on the algorithm and training/testing sets), 
more challenging to fine tune the balance of precision/recall

 Tool is under construction
- Currently for internal use in bibliometric studies

- We would like to hear from you on the suitability of such a tool in support of your work. Please fill out this short 
survey and feel free to share within your network: https://forms.office.com/r/H7Vc8Y15ZQ

 Can you think of other useful features you would like to see added to such a tool?

- AI features to assist in dataset creation (maybe this could replace a keyword-based approach in 
some cases)

https://forms.office.com/r/H7Vc8Y15ZQ


Thank you!
Analytical and Data Services
Contact: d.campbell@elsevier.com
2023-06-07

mailto:d.campbell@elsevier.com
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