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Patents and Technology Foresight
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Always in motion is the
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• Analysis of actors

• Categorizing a topic, determining the maturity (e.g. Technology Readiness Level (TRL))

• Structuring a topic

• Identification of Emerging Topics 

• Technology Opportunity Analysis, identification of White Spots

…
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Missing structure!
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A quantitative approach
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Publication analysis
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The basic search query

(((((("patent" OR "patents" OR "patent* strateg*" OR "patent* information" OR "intellectual propert*" OR "preliminary injunction" OR
"*USPTO*" OR "trademark" OR "patbase" OR "espacenet" OR "derwent") AND ("technolog* foresight*" OR "technolog* forecast*" OR
"technolog* innovation" OR "technolog* life cycle" OR "technolog* manage*" OR "technolog* trend*" OR "technolog* change" OR
"technolog* emerg*" OR "technolog* develop*" OR "technolog* eval*" OR "technolog* intelligence" OR "innovation" OR "innovat* 
management" OR "innovat* system" OR "foresight assess*" OR "foresight method*" OR "futur* technolog*" OR "futur* data" OR "knowledge 
discover*" OR "knowledge gap" OR "knowledge spillover" OR "knowledge flow" OR "scien* innovation" OR "scien* push" OR "novelty 
detection" OR "opportunity identification" OR "scenario analysis" OR "emerg* technolog*" OR "roadmap" OR "information technolog*" OR
"trend monitor*" OR "strategic foresight" OR "weak signal" OR "delphi" OR "research development"~1 OR "R&D" OR "bibliometrics" OR
"morphological analysis" OR "trend analysis" OR "TRIZ") AND ("patentometrics" OR "*citation analys*" OR "*citation net*" OR
"*classification analysis" OR "*occurence analysis" OR "*supervised learning" OR "anomaly detection" OR "artificial intelligence" OR
"association" OR "bibliometric*" OR "classification" OR "cluster analys*" OR "clustering" OR "data analy*" OR "data min*" OR "data 
science" OR "decision tree" OR "dimensionality reduction" OR "infometric*" OR "information science" OR "keyword analys*" OR "k-means" 
OR "k-nearest neighbour" OR "machine learn*" OR "main path analysis" OR "Markov model" OR "naive Bayes" OR "natural language 
process*" OR "net* analys*" OR "neural net*" OR "NLP" OR "outlier detect*" OR "pattern recognition" OR "random forest" OR
"regression" OR "reinfocement learn*" OR "scientometric*" OR "semantic analys*" OR "social net*" OR "stochastic model*" OR "support 
vector machine" OR "SVM" OR "text min*" OR "visualisation" OR "web mining")) NOT ("patent foramen" OR "patent ductus arteriosus" OR
"un$derwent" OR "patent endoparasitism*" OR "traditional patent medicine" OR "chinese patent*"~1 OR "patent infarct*" OR "patent 
trace*" OR "patent arter*"~2 OR "arter* patent"~3 )) NOT (wos_extended_subject:%Cardiovascular System & Cardiology%)) NOT
(journal:%CRITICAL CARE MEDICINE% OR journal:%MALARIA JOURNAL% OR journal:%JOURNAL OF MINIMALLY INVASIVE GYNECOLOGY% OR
journal:%GYNECOLOGIC ONCOLOGY% OR journal:%JOURNAL OF THE AMERICAN ASSOCIATION OF GYNECOLOGIC LAPAROSCOPISTS% OR journal:%EUROPEAN 
JOURNAL OF OBSTETRICS & GYNECOLOGY AND REPRODUCTIVE BIOLOGY% OR journal:%GYNECOLOGIC AND OBSTETRIC INVESTIGATION% OR journal:%ANNALS 
OF TROPICAL MEDICINE AND PARASITOLOGY% OR journal:%INTERNATIONAL JOURNAL FOR PARASITOLOGY% OR journal:%BMC UROLOGY% OR journal:%BMC 
NEUROLOGY% OR journal:%JOURNAL OF ENDOUROLOGY% OR journal:%EUROPEAN UROLOGY% OR journal:%JOURNAL OF PEDIATRIC UROLOGY% OR
journal:%DIGESTIVE SURGERY% OR journal:%CLINICAL NEUROLOGY AND NEUROSURGERY% OR journal:%ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK 
SURGERY% OR journal:%ANZ JOURNAL OF SURGERY% OR journal:%SURGERY TODAY% OR journal:%PLASTIC AND RECONSTRUCTIVE SURGERY% OR
journal:%ASIAN JOURNAL OF SURGERY% OR journal:%ANNALS OF SURGERY% OR journal:%EUROPEAN JOURNAL OF PEDIATRIC SURGERY% OR…
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The analysis
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• How is patent data used in foresight?

• Who uses patent analysis for foresight purposes?

• In which steps of the foresight process is patent data 

used?

• Where are further possibilities for the use of patent data 

in foresight?

Which Process Steps are preferentially influenced by which LDA Topics?



Publication analysis

12.10.2023Seite 9

The analysis
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• How is patent data used in foresight?

• Who uses patent analysis for foresight purposes?

• In which steps of the foresight process is patent data 

used?

• Where are further possibilities for the use of patent data 

in foresight?

Which Process Steps are preferentially influenced by which LDA Topics?

Not detailed enough!
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Data and Methods for Technology Foresight with Patents

Data Fields
—
• Title
• Abstract
• Claims
• IPC/CPC Classifications
• Assignees
• Inventors
• Publications/Priority date
• Citations
• Jurisdiction
• Image
• Family Size
• …
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Methods
—
• Statistical approaches
• Indicators
• Text Mining
• Topic Modelling
• Regression
• Clustering
• Machine Learning
• Neural Networks
• Network Analysis
• S-curve fitting
• Time series analysis
• …



Methodology
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For each use case:

• Construct a search query based on the basic query

• Extract methods and data from each publication

• Bring it all together

Constraints of publications:

• No conference proceedings

• Only publications with english abstract

• Publications which are older than 3 years (2020 or earlier) 
need to have at least 5 citations

© Fraunhofer
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Publications analysed

Basic query AND
("white spot*" 

OR "technolog* opportunit*" 
OR "technolog* vacan*" 
OR "opportunity identificat*")



5 11 4
2 1 0

12 14 3
1 2 0
2 2 0
0 0 0
0 1 1
9 7 2
1 2 0

10 16 0
13 18 5

0 4 0
9 10 1
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Results and discussion
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Use Cases, Data and Methods for Technology Foresight with Patents
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Use Case \ Indikator (Probable) AsInventor Publication DaPriority/Appli    Expected Exp Document Ty Status DoA Application RoRenewed
Technology Analysis
How is a technology field set up? (land  Statistics [91]                                              Statistics [219Statistics [91][                      Statistics, NLP [238]; Statisti                                                                             Design patents     Statistics and network analysis (applications) [330];  Stati      
     How diffuse is it? (Diffusion, Techn    Social Networ                               Subnetwork st               Citation Netw                        Knowledge stock and knowledge stock intensity, convergence tests [237]; network analysis [290]; ne            
     How did it develop so far? (technol    Technological                    Network-Med            Technology De            Statistics Technology Cycle T                                                                                                                          statistics [334]
     How mature is it? (maturity, tech lif   hidden Marko         Type of invent      S-curve mode                 cross-correlation analysis [1                      evolving patent citation networks and S-curve [94];
     How sustainable is it? (Sustainabilit    Social Network analysis [118     Tobin's Q for p                network analysis, statistics [ green invention patent (GIN) and green utility model patent (GUP) regre           
     How much is it worth? Random Fores           Random Forest [165] Random Forest [165]; Deep Neural Network, Linear Regression [168]; knowledge recombination, reg                     
     How innovative is it? (original, noveentropy-based       entropy-based      entropy-base    entropy-based indicator system [236]; Stat                   Granted patents [244]; Statistics (applications) [325]
     What are key technologies? Statistics, network analysis [                                                         Technology De   RFM score, network analysis                                                                                   co-classification network analysis of SEPs [269][279]; statistics [334]
     How disruptive is it? (disruptivenes    Statistics [207               Text Mining, Statistics [324] Statistics [207]; Text Mining, Statistics [324]; support vector machines (SVM) and neural networks, St  
What are the technologies of tomorro   Supervised lea                                                                    co-occurence                Text Mining, k                RFM score, network analysis, bibliographic coupling, text mining [300]; t                                                                                                         statistics/indic  Bibliometric co     
Where are white spots? (vacancies, opStacked Denoising AutoEncoder [395]; self                                             Text mining, Statistics, K-medoids clustering based on support vector clustering (KM-SVC) [310]; netw                                                                                                                     
Which potential does a technology ha   identify poten                  entropy-based   Text Mining, k       entropy-based indicator system [236]; text            Multi-Class Classification Model [76]
How will a technology field develop? (Predict techno                                         Predict techno                        Predict techno                                Predict techno                                                                                                          Predict technology transfer w        Predict technology transfer w     statistics/indicators [461]

It all comes together


Tabelle1

		Use Case \ Indikator		(Probable) Assignee		Inventor		Publication Date		Priority/Application Date (meist jahreszahl!)		Expected Expiry		Document Type		Status		DoA		Application Route		Renewed		Classification (IPC/CPC)		Title		Abstract		Description		Claims		Fulltext		Backward Citations		Forward Citations		NPL Citation		Jursidiction		Examineer/Applicant Citations		Image		Family Size		Other		Additional Data		Methods

		Technology Analysis

		How is a technology field set up? (landscape, overview)		26		4		11		28		0		2		3		0		0		0		28		5		11		4		3		8		14		14		1		14		0		0		0		Country [219][427][486][491]; triadic [464]		literature reviews for ontology [65]; expert opinions [190]; publications, grants, funding [224]; publications [225][243][261][338][370][446][468][478][486][491]; funding [252]; experts, publications [450][475]; 

		     How diffuse is it? (Diffusion, Technology Spillover, Technology Transfer)		8		4		7		4		0		0		0		0		0		0		9		2		1		0		0		2		23		7		5		1		0		0		0		Assignee type (public research institute, university, industry) [290]; default publication time for regression discontinuity design in time (RDiT) [14]; Patent right transaction data [27];  Patent litigation data and lawsuits [34];		Publications (year, country) [8]; Country information [21][237]; publications, standards [25]; R&D networks [26]; publications [36][86]; Cross-national brokerages, assignee country [49]; publications and trademarks [54]; Assignee countries [61]; R&D [206]

		     How did it develop so far? (technology development, roadmap, landscape)		6		2		2		34		0		1		0		0		0		0		27		12		14		3		3		13		20		20		2		2		0		0		0		types of applicant partnership [154]; co-authorship of publications [257]; self-family citations [402]; technological fields [447]		Publications [55][71][86][257][362][363][406]; literature reviews for ontology [65]; Publications, Market Data [67]; Product data [82]; Market data [250]; publications, company data [335]; Twitter [358]; Publications, Experts [360][450]; experts [385]; publications, funds, news [452][453]

		     How mature is it? (maturity, tech life cycle, trl)		3		2		5		15		0		1		0		0		0		0		7		1		2		0		2		3		9		6		2		0		0		0		1				publications, standards [25], publications [95][472], publication, news [100], publications, capital investments, clinical trials [106]; product data [470]

		     How sustainable is it? (Sustainability, Green patents, SDG)		3		0		2		1		0		3		0		0		0		0		8		2		2		0		0		3		3		1		0		0		0		0		0		Country [118][129][133][134][136][150][151][427]		Publications [123]; Green R&D, R&D investment, capital stock, and GDP per capita, tertiary education and openness are shares of GDP [132]; company data [135][137][139]; R&D assets [142]; country information [146]

		     How much is it worth?		2		1		0		5		0		0		0		0		0		0		6		0		0		0		2		3		3		6		1		0		0		0		1				Publications [156][160]; Financial Data [168]; Firm ownership data [169]

		     How innovative is it? (original, novelty)		5		2		1		4		0		0		2		0		0		0		9		0		1		1		2		3		6		4		1		1		0		0		0		Predict Number of Applications using NN [124]; Statistics [143]; number of legal transactions [236]; keywords [253]		inventor-establishment data set and establishment level NACE industry codes [234]; Publications [247][253]; cumulative (market-adjusted) abnormal returns (CAR) [325]; company data [390]

		     What are key technologies?		9		0		1		18		0		3		0		0		0		0		23		9		7		2		1		14		15		19		0		2		0		0		1		Keywords (Technological cognitive diagnosis model for analysis) [285]; Thesaurus [297]; patent office [331]		literature reviews for ontology [65]; publications [270][338]; market analysis [271]; SEPs [299]; Social information, experts [302]; experts [312][317][333][375][462]; Twitter [358]; Publications, Experts [360]

		     How disruptive is it? (disruptiveness, general purpose technology)		3		1		0		3		0		0		0		0		0		0		2		1		2		0		0		2		0		1		0		0		0		0		1		Country [207]		Interviews [207]; Publications, Start-Ups, News, Social Media [324]

		What are the technologies of tomorrow? (emerging technologies)		11		4		3		21		0		0		0		0		1		1		21		10		16		0		9		11		10		18		5		3		0		1		2		Herfindahl index [167]; information on assignees' patents, information on citing patents [291]; patent office [331][381]		Publications [68][201][246][270][354][362][389][461]; market database [78]; web data (futuristic websites) [242]; SEPs [300]; keywords chosen by experts [315]; Wikipedia [347]; Twitter [358]; Publications, Experts [360]; technical dictionary [371]; experts [381][462]

		Where are white spots? (vacancies, opportunities)		8		0		0		21		0		0		0		0		0		0		18		13		18		5		9		18		11		10		0		2		0		0		0		patent office [310], priority country [391]; text: novelty, utility [399]; transactions, reassignments [456]		News Websites [102][396]; Product Data [148]; Experts, unified structured inventive thinking (USIT) [352]; publications [378][392][406][424][434][456]; industry and firm specific data [391]; firm data [395]; publications, market reports [397]; Experts [399][432]; product information from Korea Institute of Science and Technology Information (KISTI) [405][421]

		Which potential does a technology have? (promising tech.)		4		1		2		4		0		0		1		0		0		0		9		0		4		0		5		4		2		7		1		1		1		0		2		number of agents [171]; triadic [440]; transactions, reassignments [456]		Publications, Market Data [67]; publications [435][436][456]; user reviews, experts [437]; publications, experts [439]

		How will a technology field develop? (forecasting)		8		4		6		19		1		0		1		0		1		0		23		9		10		1		7		9		15		14		5		5		0		1		6		Number of pages [163]; Keywords [222]; patent office [310]; experts [445]; triadic, technology has been transferred [45]		publications [53][71][225][461][472]; Product data [82][470]; Publications, commercial database [222]; experts [333]; publications, experts [337][366][450][475]; publications, funds, news [453]; market data [459]; 

				96		25		40		177		1		10		7		0		2		1		190		64		88		16		43		93		131		127		23		31		1		2		14





Tabelle2

		Use Case \ Indikator		(Probable) Assignee		Inventor		Publication Date		Priority/Application Date (meist jahreszahl!)		Expected Expiry		Document Type		Status		DoA		Application Route		Renewed		Classification (IPC/CPC)		Title		Abstract		Description		Claims		Fulltext		Backward Citations		Forward Citations		NPL Citation		Jursidiction		Examineer/Applicant Citations		Image		Family Size		Other		Additional Data		Methods

		Technology Analysis

		How is a technology field set up? (landscape, overview)		Statistics [91][219][221][252][264][294][321][328][382][484][486][491]; Statistics and network analysis [225][277][330]; Statistics, NLP [238]; Statistics, Text Mining, Clustering [243]; Statistics, network analysis, main path analysis [299]; support vector machines (SVM) and neural networks, Statistics [327]; network analysis [380]; network analysis, statistics [427][464][480][490]; Statistics, Text Mining [446]; statistics, network analysis, clustering [48]		Statistics [219][252][321][491]		Statistics [91][219][221][252][294][491]; funding-science-technology-innovation linkages analysis [224]; Statistics and network analysis [225][277]; Statistics, Text Mining, Clustering [243]; Statistics, network analysis, main path analysis [299]		Statistics, NLP [238]; Statistics [243][252][264][321][329][382][484][486]; support vector machines (SVM) and neural networks, Statistics [327]; Statistics, network analysis [330][480]; network analysis, clustering [343]; text mining, network analysis [344]; bibliographic coupling, clustering, network analysis [370]; Topic Modelling, Coupling Analysis [404]; network analysis, statistics [427][464][490];  Statistics, Text Mining [446]; text mining, statistics [450]; text mining, functional principle component analysis (FPCA), regression [451]; statistics [468][479]; statistics, text mining, clustering [472]; Statistics, Fisher–Pry model [475]; clustering; text mining [478]; statistics, network analysis, clustering [48]				Design patents, Statistics [231]; Statistics [294]		Statistics and network analysis (applications) [330];  Statistics, Text Mining [446]; Statistics [486]								Statistics [91][219][221][252][261][264][294][321][328][382][484][486]; co-classification analysis for technology-relatedness [152]; document type, tech breadth, tech novelty [192]; funding-science-technology-innovation linkages analysis [224]; Statistics, network analysis [225][277][330][427][464][480]; Statistics, NLP [238][284]; Statistics, Text Mining, Clustering [243]; Statistics, network analysis, main path analysis [299]; network analysis [368][380]; statistics, text mining, clustering [472]		Topic Modeling and GCN [65]; Statistics, NLP [284]; text mining, functional principle component analysis (FPCA), regression [451]; clustering; text mining [478]; Topic Modelling, GAN, DNN [482]		Topic Modeling and GCN [65]; Statistics, NLP [238][284]; NLP, SAO [305]; text mining, network analysis [386];  Statistics, Text Mining [446]; text mining, functional principle component analysis (FPCA), regression [451]; text mining, network analysis, TRIZ [471]; clustering; text mining [478]; Topic Modelling, GAN, DNN [482]; text mining, topic modelling [485]		Statistics [219]; NLP, SAO [305]; text mining, network analysis [344]; text mining, topic modelling [485]		SAO-based semantic patent networks, NLP [186]; Statistics, NLP [284]; NLP, SAO [305]		NLP, property–function based patent network [184]; SAO, Technology Tree [309]; support vector machines (SVM) and neural networks, Statistics [327]; NLP, hierarchical topic tree [338]; bibliographic coupling, clustering, network analysis [370]; Topic Modelling, Coupling Analysis [404]; text mining, statistics [450]; statistics, text mining, clustering [472]		Topic Modeling and GCN [65]; multi-stage citation analysis [190]; document type, tech breadth, tech novelty [192]; funding-science-technology-innovation linkages analysis [224]; Statistics [252]; Statistics, network analysis [330][490]; network analysis, clustering [343]; bibliographic coupling, clustering, network analysis [370]; network analysis, statistics [427]; clustering; text mining [478]; network analysis [483]; unconnected component inclusion technique (UCIT); network analysis, clustering [489]; statistics, network analysis, clustering [48]		Topic Modeling and GCN [65]; multi-stage citation analysis [190]; Statistics [252][321][486]; Statistics, NLP [284]; Statistics, network analysis, main path analysis [299]; Statistics, network analysis [330][490]; bibliographic coupling, clustering, network analysis [370]; clustering; text mining [478]; network analysis [483]; unconnected component inclusion technique (UCIT); network analysis, clustering [489]; statistics, network analysis, clustering [48]		Statistics [252]		Statistics [252][264][328][468][479][484][486]; Statistics, network analysis [330][464][480]; bibliographic coupling, clustering, network analysis [370];  Statistics, Text Mining [446]; Topic Modelling, GAN, DNN [482]; network analysis [483]								Country [219][427][486][491]; triadic [464]		literature reviews for ontology [65]; expert opinions [190]; publications, grants, funding [224]; publications [225][243][261][338][370][446][468][478][486][491]; funding [252]; experts, publications [450][475]; 		Statistics [91][219][221][252][264][294][321][328][382][484][486][491]; Statistics and network analysis [225][277][330]; Statistics, NLP [238]; Statistics, Text Mining, Clustering [243]; Statistics, network analysis, main path analysis [299]; support vector machines (SVM) and neural networks, Statistics [327]; network analysis [380]; network analysis, statistics [427][464][480][490]; Statistics, Text Mining [446]; statistics, network analysis, clustering [48]; 

		     How diffuse is it? (Diffusion, Technology Spillover, Technology Transfer)		Social Network Analysis [11][20]; Exponential Random Graph Model [18]; network analysis, main path analysis, clustering [36]; citations flows in innovation trajectories [38]; citation netwroks [54]; technology network maps [61]; network analysis [290]		Subnetwork structures/knowledge graph [17]; Social Network Analysis [20]; Negative binomial estimation [21]; technology network maps [61]		Citation Networks [8][54]; time-delay based on citation distribution model [23]; main path analysis [7][49]; technology network maps [61]; network analysis, main path analysis, clustering [36]		Knowledge stock and knowledge stock intensity, convergence tests [237]; network analysis [290]; network analysis, clustering [343];  DBSCAN algorithm (text mining + clustering) [403]														Social Network Analysis [32]; main path analysis [49]; Citation Network [57]; Inter-technology relation network with text similarity [60]; technology network maps [61]; overlay maps [63]; average number of CPC codes for tech breadth [192]; Regression [210]; network analysis [290]		Inter-technology relation network with text similarity [60]; DBSCAN algorithm (text mining + clustering) [403]		Inter-technology relation network with text similarity [60]						network analysis, main path analysis, clustering [36]; network analysis, clustering [343]		international technology diffusion (ITD) degree [6]; Main Path Analysis [7][49]; network analysis, main path analysis, clustering [36]; Citation Networks [8][26][34][40][52][57][206]; Collaborative Network [10]; Social Network Analysis [11][20][32]; Negative binomial estimation [21]; time-delay based on citation distribution model [23]; multi-category citation networks [37]; Regression and statistics [51]; technology network maps [61] ; citation networks and knowledge gap [86]; Regression [210]; convergence indicator [254]		citations flows in innovation trajectories [38]; citation analysis [46]; Regression and statistics [51][12][34]; Regression [210]; convergence indicator [254]		Citation Networks [8]; statistics [22][25]; [54]; Regression [210]		Citation Networks [8]								Assignee type (public research institute, university, industry) [290]; default publication time for regression discontinuity design in time (RDiT) [14]; Patent right transaction data [27];  Patent litigation data and lawsuits [34];		Publications (year, country) [8]; Country information [21][237]; publications, standards [25]; R&D networks [26]; publications [36][86]; Cross-national brokerages, assignee country [49]; publications and trademarks [54]; Assignee countries [61]; R&D [206]

		     How did it develop so far? (technology development, roadmap, landscape)		Technological spillovers with Social Network Analysis (SNA) [19]; Statistics [55]; collaboration network analysis [295]; network analysis [335]; Statistics, network analysis [452][453]		Network-Mediated Knowledge Spillovers [13]; Technological spillovers with Social Network Analysis (SNA) [19]		Technology Develop Network [66]; Technology-Relationship-Technology Semantic Analysis and Technology Roadmapping Method [72]; 		Statistics Technology Cycle Time Analysis [229]; Growth Curve model, Main Path Analysis [262]; collaboration network analysis [295]; network analysis, portfolio analysis for tech convergence [308]; statistics [320][334]; Statistics, network analysis [328][342]; network analysis [335]; text mining, clustering, evolution map [358]; Text Mining, Clustering, Technology evolution maps [360]; Main path identification, convolutional neural network, tech spacetime map [362]; Clustering, Topic Modelling, Word embedding, Evolution Mapping [363]; SAO, network analysis [367]; bibliographic coupling, clustering, network analysis [370]; network analysis [376]; LDA, clustering [377]; text mining, clustering, network analysis [379][393][406]; text mining, network analysis, PCA, roadmapping [385]; Main Path Analysis, Network Analysis [402];  DBSCAN algorithm (text mining + clustering) [403]; Topic Modelling, Coupling Analysis [404]; Clustering, network analysis, association rules [409]; text mining, statistics [447]; text mining, network analysis [448]; text mining, statistics [450]; Statistics, network analysis [452][453]; PCA, network analysis, time series regression [458]; text mining, clustering [467]; statistics, text mining, clustering [472]; text mining, clustering, network analysis, topic modelling [488]				statistics [334]										Technological spillovers with Social Network Analysis (SNA) [19]; overlay maps [63]; proportional and counting model [138]; Statistics for Technology Convergence [166][250]; Social Network Analysis (SNA) [203]; Compound annual growth rates [209]; Statistics Technology Cycle Time Analysis [229]; Shannon Entropy Index, Gravity Index [251]; network analysis [276]; Network analyis, Clustering, NLP [282]; technology knowledge stock, PCA, random forest classifier [288]; text clustering, association rule analysis [303]; Statistics, network analysis [304][305][328][342]; network analysis, portfolio analysis for tech convergence [308]; statistics [320]; Statistics [334]; Main path identification, convolutional neural network, tech spacetime map [362]; LDA, clustering [377]; Clustering, network analysis, association rules [409]; Network Analysis, Topic Modelling [441]; text mining, statistics [447]; PCA, network analysis, time series regression [458]; statistics, text mining, clustering [472]		Topic Modeling and GCN [65]; Technology Develop Network [66]; Network analyis, Clustering, NLP [282];  text clustering, association rule analysis [303]; LDA, clustering [377]; text mining, clustering, network analysis [379][393][406];  DBSCAN algorithm (text mining + clustering) [403]; text mining, statistics [447]; text mining, network analysis [448]; text mining, clustering, network analysis, topic modelling [488]		Topic Modeling and GCN [65]; Technology Develop Network [66]; Technology Roadmap, SAO, Text Mining [67]; Technology-Relationship-Technology Semantic Analysis and Technology Roadmapping Method [72]; Main path identification, convolutional neural network, tech spacetime map [362]; network analysis, manual coding [374]; LDA, clustering [377]; text mining, network analysis, PCA, roadmapping [385]; text mining, clustering, network analysis [393][406]; Network Analysis, Topic Modelling [441]; text mining, statistics [447]; text mining, network analysis [448]; text mining, clustering, network analysis, topic modelling [488]		Technology Develop Network [66]; SAO-based TRM [84]; Text Mining, Clutering, Network Analysis [406]		Technology Develop Network [66]; Main path identification, convolutional neural network, tech spacetime map [362]; network analysis, manual coding [374]		Technology Develop Network [66]; TRM and TF-IDF [71]; Morphology Analysis-Based Technology Roadmap [75]; Technology-driven TRM [82]; text mining, clustering, evolution map [358]; Text Mining, Clustering, Technology evolution maps [360]; Clustering, Topic Modelling, Word embedding, Evolution Mapping [363]; SAO, network analysis [367]; bibliographic coupling, clustering, network analysis [370]; Topic Modelling, Coupling Analysis [404]; text mining, statistics [450]; text mining, clustering [467]; statistics, text mining, clustering [472]		Global Main Path Analysis [7]; Citation Network [28]; Hidden Markov Model [35]; technology flows measured by patent citations [48]; Topic Modeling and GCN [65]; citation networks and knowledge gap [86]; technology fusion, analysis of variance (ANOVA) and logistic regression [481]; Shannon Entropy Index, Gravity Index [251];  Statistics [257]; Growth Curve model, Main Path Analysis [262]; social network analysis, main path analysis [274]; Network analyis, Clustering, NLP [282];  Statistics, network analysis [304][305]; main path network analysis [348]; bibliographic coupling, clustering, network analysis [370]; network analysis, manual coding [374]; network analysis [376]; text mining, clustering, network analysis [393]; text mining, clustering, network analysis, topic modelling [488]		Hidden Markov Model [35]; Topic Modeling and GCN [65]; negative binomial regression models [154]; Statistics for Technology Convergence [166]; technology fusion, analysis of variance (ANOVA) and logistic regression [481]; Statistics Technology Cycle Time Analysis [229]; Shannon Entropy Index, Gravity Index [251]; social network analysis, main path analysis [274]; Network analyis, Clustering, NLP [282];  Statistics, network analysis [304][305]; network analysis, portfolio analysis for tech convergence [308]; main path network analysis [348]; bibliographic coupling, clustering, network analysis [370]; network analysis, manual coding [374]; network analysis [376]; text mining, clustering, network analysis [393]; Main Path Analysis, Network Analysis [402]; Network Analysis, Topic Modelling [441]; text mining, clustering, network analysis, topic modelling [488]		Statistics [55][257]		Statistics [334]; bibliographic coupling, clustering, network analysis [370]								types of applicant partnership [154]; co-authorship of publications [257]; self-family citations [402]; technological fields [447]		Publications [55][71][86][257][362][363][406]; literature reviews for ontology [65]; Publications, Market Data [67]; Product data [82]; Market data [250]; publications, company data [335]; Twitter [358]; Publications, Experts [360][450]; experts [385]; publications, funds, news [452][453]		Roadmapping

		     How mature is it? (maturity, tech life cycle, trl)		hidden Markov model (HMM) [104]; Regression [107]; cross-correlation analysis [110];		Type of inventor Regression [97]; cross-correlation analysis [110]		S-curve model [88][89]; evolving patent citation networks and S-curve [90]; hidden Markov model (HMM) [104]; cross-correlation analysis [110]		cross-correlation analysis [110]; SAO, network analysis [367]; s-curve fitting [470][472]; evolving patent citation networks and S-curve [94]; S-curve fitting with number of patents [93][95][98][100][106][107][108][109][112][131]				evolving patent citation networks and S-curve [94];										Co-evolution network [99]; hidden Markov model (HMM) [104]; co-classification network [108]; cross-correlation analysis [110]; proportional and counting model [138]; Statistics [249]; S-curve and Technology Convergence Network [89]; 		structural topic model [114]		LDA [42]; structural topic model [114]				hidden Markov model (HMM) [104]; Regression [107]		key phrase clustering [111][113]; SAO, network analysis [367]		evolving patent citation networks and S-curve [90][94]; co-citation networks and link prediction [92]; citation analysis and clustering [101]; search path link count (SPLC) algorithm and critical path method (CPM) [103]; hidden Markov model (HMM) [104]; Regression [107]; cross-correlation analysis [110]; citation analysis [130]		evolving patent citation networks and S-curve [90]; Regression [97]; citation analysis and clustering [101]; search path link count (SPLC) algorithm and critical path method (CPM) [103]; hidden Markov model (HMM) [104]; Statistics [249]		statistics [25]; cross-correlation analysis [110]								Statistics [249]				publications, standards [25], publications [95][472], publication, news [100], publications, capital investments, clinical trials [106]; product data [470]

		     How sustainable is it? (Sustainability, Green patents, SDG)		Social Network analysis [118][129]; network analysis, statistics [427]				Tobin's Q for patents with search strategies for identifying selected environment-related technologies issued by the OECD Environment Directorate [119][194]		network analysis, statistics [427]				green invention patent (GIN) and green utility model patent (GUP) regression [121]; Bootstrap truncation regression [136]; data envelopment analysis (DEA) [146]										Matching with Green Inventory code [115][117][139]; Y02E patents [120]; proportional and counting model [138]; word search [140]; Social Network Analysis [149]; network analysis, statistics [427]		N-gram extraction [116];  word search [140]		N-gram extraction [116]; word search [140]						TF-IDT, Word2Vec, Naive Bayes classfier, SVM [123]; thesaurus of SDG innovation related keywords [135]; content analysis [137]		Social Network analysis [118][128]; network analysis, statistics [427]		statistics [142]												Country [118][129][133][134][136][150][151][427]		Publications [123]; Green R&D, R&D investment, capital stock, and GDP per capita, tertiary education and openness are shares of GDP [132]; company data [135][137][139]; R&D assets [142]; country information [146]

		     How much is it worth?		Random Forest [165]; support vector machines (SVM) and neural networks, Statistics [327]		Random Forest [165]				Random Forest [165]; Deep Neural Network, Linear Regression [168]; knowledge recombination, regression [169]; text mining, social network analysis, technology clustering, descriptive statistics [178]; support vector machines (SVM) and neural networks, Statistics [327]														Jonckheere–Terpstra tests, data envelopment analysis (DEA) [156]; Random Forest [165]; Deep Neural Network, Linear Regression [168]; knowledge recombination, regression [169][173]; text mining, social network analysis, technology clustering, descriptive statistics [178]								Random Forest [165]; text mining, social network analysis, technology clustering, descriptive statistics [178]		word2vec, convolutional neural network [160]; text mining, social network analysis, technology clustering, descriptive statistics [178]; support vector machines (SVM) and neural networks, Statistics [327]		Random Forest [165]; Deep Neural Network, Linear Regression [168]; ego patent citation networks [185]		negative binomial regression models [154]; word2vec, convolutional neural network [160]; Random Forest [165]; knowledge recombination, regression [169][173]; ego patent citation networks [185]		Random Forest [165]; 								Random Forest [165]				Publications [156][160]; Financial Data [168]; Firm ownership data [169]

		     How innovative is it? (original, novelty)		entropy-based indicator system [236]; Statistics [239][268][325]; Regrssiojn [390]		entropy-based indicator system [236]; Statistics [260]		 entropy-based indicator system [236]		entropy-based indicator system [236]; Statistics [260]; Regrssiojn [390]; text mining, novelity detection techniques (gaussian fitting, clustering, ..), statistics for patent evaluation [428] 						Granted patents [244]; Statistics (applications) [325]								Regression [177][390]; indirect link probability and hierarchical similarity [205]; association rules analysis [215]; technology-industry concordance [234];entropy-based indicator system [236]; k-means, Type-2 fuzzy inference system, Karnik-Mendel algorithm [253]; radicalness, new CPC co-occurence [267]; indicator [493]				Statistics [325]		Statistics [325]		entropy-based indicator system [236]; text mining, novelity detection techniques (gaussian fitting, clustering, ..), statistics for patent evaluation [428] 		doc2vec, local outlier factor [158]; LDA, TF-IDF [227]; SAO, similarity matrix [256]		Regression [177][247]; average number of backward citations [192]; main path analysis [217]; entropy-based indicator system [236]; indicator [493]		Herfindahl index [220]; entropy-based indicator system [236]; Statistics [268][273]		entropy-based indicator system [236]		Statistics [239]								Predict Number of Applications using NN [124]; Statistics [143]; number of legal transactions [236]; keywords [253]		inventor-establishment data set and establishment level NACE industry codes [234]; Publications [247][253]; cumulative (market-adjusted) abnormal returns (CAR) [325]; company data [390]

		     What are key technologies?		Statistics, network analysis [265]; multipart text mining term frequency-inverse document frequency (MPTM-TFIDF), function hypergraph model, improved frequent subgraph algorithm (IFSA) [271]; limit citation network analysis [272]; network analysis, main path analysis [275]; RFM score, network analysis, bibliographic coupling, text mining [300]; network analysis, text mining [302]; LDA, Technological knowledge stock [373]; network analysis [380]; text mining, clustering, network analysis [393]				Technology Develop Network [66];		RFM score, network analysis, bibliographic coupling, text mining [300]; network analysis, text mining [302][462]; core patent, clustering [316]; statistics [320][334]; text mining, clustering, technology trajectory [331]; text mining, clustering [333][467]; text mining, clustering, evolution map [358]; Text Mining, Clustering, Technology evolution maps [360]; LDA, Technological knowledge stock [373]; clustering, network analysis, text mining [375]; citation network analysis [376]; text mining, clustering, network analysis [393]; network analysis, dependency-structure matrix (DSM),  neural network [419]; regression, two-dimensional quadrant analysis [422]; text mining, clustering, network analysis, topic modelling [488]				co-classification network analysis of SEPs [269][279]; statistics [334]										citation network analysis [56][57][292][313]; Technology Position Analysis [98]; Statistics, network analysis [265]; co-classification entwork analysis of SEPs [269]; network analysis [276][278][281][286][289]; network analysis of SEPs [279]; Network analyis, Clustering, NLP [282]; technology knowledge stock, PCA, random forest classifier [288]; RFM score, network analysis, bibliographic coupling, text mining [300];  text clustering, association rule analysis [303];  association rule mining (ARM), analytic network process (ANP) [311]; analytic network process [318]; statistics [320][334]; network analysis [380]; regression, two-dimensional quadrant analysis [422]		Topic Modeling and GCN [65]; Technology Develop Network [66]; Network analyis, Clustering, NLP [282];  text clustering, association rule analysis [303]; text mining, clustering, technology trajectory [331]; clustering, network analysis, text mining [375][393]; text mining, TRIZ [474]; text mining, clustering, network analysis, topic modelling [488]		Topic Modeling and GCN [65]; Technology Develop Network [66]; RFM score, network analysis, bibliographic coupling, text mining [300]; text mining, clustering, technology trajectory [331]; text mining, clustering, network analysis [393]; text mining, TRIZ [474]; text mining, clustering, network analysis, topic modelling [488]		Technology Develop Network [66];  network analysis, text mining [302]		Technology Develop Network [66]		Technology Develop Network [66]; LDA, dynamic topic model (DTM), long short-time memory (LSTM) [270]; multipart text mining term frequency-inverse document frequency (MPTM-TFIDF), function hypergraph model, improved frequent subgraph algorithm (IFSA) [271]; SAO [297]; SAO, Technology Tree [309]; text mining, clustering [333][467]; NLP, hierarchical topic tree [338]; Text Mining, Network analysis [341][462][469]; text mining, clustering, evolution map [358]; Text Mining, Clustering, Technology evolution maps [360]; LDA, Technological knowledge stock [373]; 		citation network analysis [56][57][313][376]; Topic Modeling and GCN [65]; citation networks, genetic decomposition & knowledge persistence [182];  limit citation network analysis [272]; network analysis, main path analysis [275]; Network analyis, Clustering, NLP [282]; patent co-citation approach [317]; analytic network process [318]; clustering, network analysis, text mining [375][393]; network analysis, dependency-structure matrix (DSM),  neural network [419]; text mining, clustering, network analysis, topic modelling [488]		citation network analysis [56][292][313][376]; Topic Modeling and GCN [65]; multipart text mining term frequency-inverse document frequency (MPTM-TFIDF), function hypergraph model, improved frequent subgraph algorithm (IFSA) [271]; limit citation network analysis [272]; network analysis, main path analysis [275]; Network analyis, Clustering, NLP [282]; RFM score, network analysis, bibliographic coupling, text mining [300]; network analysis, text mining [302]; PCA [312]; core patent, clustering [316]; patent co-citation approach [317]; analytic network process [318]; clustering, network analysis, text mining [375][393]; network analysis, dependency-structure matrix (DSM),  neural network [419]; text mining, clustering, network analysis, topic modelling [488]				Statistics, network analysis [265][334]; 						multipart text mining term frequency-inverse document frequency (MPTM-TFIDF), function hypergraph model, improved frequent subgraph algorithm (IFSA) [271]		Keywords (Technological cognitive diagnosis model for analysis) [285]; Thesaurus [297]; patent office [331]		literature reviews for ontology [65]; publications [270][338]; market analysis [271]; SEPs [299]; Social information, experts [302]; experts [312][317][333][375][462]; Twitter [358]; Publications, Experts [360]

		     How disruptive is it? (disruptiveness, general purpose technology)		Statistics [207]; Text Mining, Statistics [324]; support vector machines (SVM) and neural networks, Statistics [327]		 Text Mining, Statistics [324]				Statistics [207]; Text Mining, Statistics [324]; support vector machines (SVM) and neural networks, Statistics [327]														Statistics [207]; Text Mining, LDA, Clusterin, Time Series Forecasting [323]		 Text Mining, Statistics [324]		Text Mining, LDA, Clusterin, Time Series Forecasting [323];  Text Mining, Statistics [324]						Statistics [207]; support vector machines (SVM) and neural networks, Statistics [327]				 Text Mining, Statistics [324]										 Text Mining, Statistics [324]		Country [207]		Interviews [207]; Publications, Start-Ups, News, Social Media [324]

		What are the technologies of tomorrow? (emerging technologies)		Supervised learning [80]; co-occurence network [96]; deep neural network [167];  technological knowledge flow (TKF) networks, Dynamic critical technology analysis, emergence indicators: novelty, persistence, community, and growth [196]; predict breakthrough technologies, regression [199]; neural network [291]; RFM score, network analysis, bibliographic coupling, text mining [300]; NLP, LDA, generalized linear mixed model (GLMM) [336]; Semi-supervised learning, active learning [345]; Topic Modelling, Clustering, Time series analysis [364]; network analysis, clustering [365]		co-occurence network [96]; deep neural network [167]; predict breakthrough technologies, regression [199]; Semi-supervised learning, active learning [345]		Text Mining, k-Nearest Neighbour [170]; SAO, morphology analysis, regression [245]; NLP, LDA, generalized linear mixed model (GLMM) [336]		RFM score, network analysis, bibliographic coupling, text mining [300]; text mining, clustering, technology trajectory [331]; text mining, function information, Function Score-Domain Specificity Matrix [339]; generative adversarial network, deep neural network [351]; Network Analysis, Clustering [354]; Clustering, Statistics [356]; Text mining, K-medoids clustering, generative topographic map [357]; text mining, clustering, evolution map [358]; text mining, clustering [359]; Text Mining, Clustering, Technology evolution maps [360]; Main path identification, convolutional neural network, tech spacetime map [362]; Topic Modelling, Clustering, Time series analysis [364]; network analysis, clustering [365]; Text Mining, clustering [371]; LDA, clustering [377]; hierarchical quality function deployment [381]; hierarchical clustering [384]; Regression [389]; Clustering, network analysis, association rules [409]; statistics/indicators [461]M text mining, entwork analysis [462]										statistics/indicators [461]		Bibliometric coupling and similarity analysis [78]		Bibliometric coupling and similarity analysis [78]; Supervised learning [80]; deep neural network [167]; technological knowledge flow (TKF) networks, Dynamic critical technology analysis, emergence indicators: novelty, persistence, community, and growth [196]; Temporal Network Analysis [263]; neural network [291]; RFM score, network analysis, bibliographic coupling, text mining [300]; citation network analysis [313]; Semi-supervised learning, active learning [345]; emergence score, correlation analysis [349]; generative adversarial network, deep neural network [351]; Clustering, Statistics [356]; text mining, clustering [359]; Main path identification, convolutional neural network, tech spacetime map [362]; Topic Modelling, Clustering, Time series analysis [364]; network analysis [368]; LDA, clustering [377]; hierarchical quality function deployment [381]; hierarchical clustering [384]; Clustering, network analysis, association rules [409]; statistics/indicators [461]		 Monitoring Newly Adopted Technologies Using Kmeans and TF-IDF [44]; structural topic model [114]; Clustering, outlier detection [322]; text mining, clustering, technology trajectory [331]; NLP, LDA, generalized linear mixed model (GLMM) [336]; Semi-supervised learning, active learning [345]; Clustering, LDA, Technology Function Matrix [347]; emergence score, correlation analysis [349]; text mining, clustering [359]; LDA, clustering [377]		Monitoring Newly Adopted Technologies Using Kmeans and TF-IDF [44]; GTM and Text Mining [68]; structural topic model [114]; SAO, morphology analysis, regression [245]; RFM score, network analysis, bibliographic coupling, text mining [300]; Clustering, outlier detection [322]; text mining, clustering, technology trajectory [331]; LDA, clustering, hidden markov model [332]; NLP, LDA, generalized linear mixed model (GLMM) [336]; Clustering, LDA, Technology Function Matrix [347]; emergence score, correlation analysis [349]; Text mining, K-medoids clustering, generative topographic map [357]; text mining, clustering [359]; Main path identification, convolutional neural network, tech spacetime map [362]; Topic Modelling, Clustering, Time series analysis [364]; LDA, clustering [377]				Supervised learning [80]; deep neural network [167]; Text Mining, k-Nearest Neighbour [170]; neural network [291]; Semi-supervised learning, active learning [345]; Clustering, LDA, Technology Function Matrix [347]; generative adversarial network, deep neural network [351]; Clustering, Statistics [356]; Main path identification, convolutional neural network, tech spacetime map [362]		LDA, Automated Topic Selection, Jensen–Shannon divergence (JSD) [201]; LDA, TF-IDF [227]; Text Mining, Local outlier factor, signal-portfolio map [242]; LDA, dynamic topic model (DTM), long short-time memory (LSTM) [270]; network analysis, clustering [315]; text mining, function information, Function Score-Domain Specificity Matrix [339]; text mining, clustering, evolution map [358]; Text Mining, Clustering, Technology evolution maps [360]; (except background) Text Mining, clustering [371]; text mining, network analysis [462]		Supervised learning [80]; Network Analysis, Clustering [246][354]; neural network [291]; citation network analysis [313]; clustering [319]; Semi-supervised learning, active learning [345]; generative adversarial network, deep neural network [351];  Clustering, Statistics [356]; network analysis, clustering [365]; 		Bibliometric coupling and similarity analysis [78]; Supervised learning [80]; deep neural network [167]; Text Mining, k-Nearest Neighbour [170]; SAO, morphology analysis, regression [245]; Network Analysis, Clustering [246][354]; neural network [291]; RFM score, network analysis, bibliographic coupling, text mining [300]; citation network analysis [313]; clustering [319]; text mining, function information, Function Score-Domain Specificity Matrix [339]; Semi-supervised learn; ing, active learning [345]; generative adversarial network, deep neural network [351]; Clustering, Statistics [356]; network analysis, clustering [365]; hierarchical quality function deployment [381]; hierarchical clustering [384]; 		Supervides learning [80]; deep neural network [167]; neural network [291]; Semi-supervised learning, active learning [345]; generative adversarial network, deep neural network [351]		deep neural network [167]; neural network [291]; statistics/indicators [461]				Semi-supervised learning, active learning [345]		Semi-supervised learning, active learning [345]; generative adversarial network, deep neural network [351]		Herfindahl index [167]; information on assignees' patents, information on citing patents [291]; patent office [331][381]		Publications [68][201][246][270][354][362][389][461]; market database [78]; web data (futuristic websites) [242]; SEPs [300]; keywords chosen by experts [315]; Wikipedia [347]; Twitter [358]; Publications, Experts [360]; technical dictionary [371]; experts [381][462]

		Where are white spots? (vacancies, opportunities)		Stacked Denoising AutoEncoder [395]; self-supervised representation learning [398]; NLP, s domain knowledge networks, network analysis, regression [400]; LDA, MDS (multidimensional scaling) and LOF (local outlier factor), technology level map [413]; network analysis, latent preference scores [417]; statistics [434]; network analysis, GTM, time series analysis [442]; text mining, clustering [456]						Text mining, Statistics, K-medoids clustering based on support vector clustering (KM-SVC) [310]; network analysis, LDA, keysgraph analysis, index-based approach [353]; modified local outlier factor, naive bayes model, statistics [361]; SAO, network analysis [367]; Technology growth, technology applicability of new technology combinations [369]; network analysis [378]; SAO, random forest, ant colony optimization [391]; Text Mining, Network Analysis, PCA [394]; Stacked Denoising AutoEncoder [395]; Text Mining, Network Analysis [397]; network analysis, link prediction [405]; Text Mining, Clutering, Network Analysis [406]; Text Mining, BiLSTM-CRF neural network model, clustering [407]; network analysis, data envelopment analysis (DEA) window analysis [408]; LDA, MDS (multidimensional scaling) and LOF (local outlier factor), technology level map [413]; Text Mining, generative topology mapping (GTM), link prediction with SVM [416]; network analysis, outlier detection [418]; network analysis, cross-impact analysis, portfolio analysis [423]; Text Mining, Clustering [424]; text mining, novelity detection techniques (gaussian fitting, clustering, ..), statistics for patent evaluation [428]; network analysis, GTM, time series analysis [442]														Link prediction analysis in multilayer networks [153]; Two-Phase Frequent Item Mining-Customised Association Rule Mining [155]; NLP, K-Means, Network Analysis [202]; LDA, core and potential technology identification, technology roadmap with SAO [350]; network analysis, LDA, keysgraph analysis, index-based approach [353]; modified local outlier factor, naive bayes model, statistics [361]; Technology growth, technology applicability of new technology combinations [369]; SAO, random forest, ant colony optimization [391]; Stacked Denoising AutoEncoder [395]; self-supervised representation learning [398]; network analysis, link prediction [405]; network analysis, data envelopment analysis (DEA) window analysis [408]; network analysis, lnk prediction [415]; network analysis, latent preference scores [417]; network analysis, outlier detection [418]; text mining, PCA, statistics [431]; network analysis, GTM, time series analysis [442]; text mining, clustering [456]		LDA, SOM and Network Analysis [74]; PCA, Subject–action–object (SAO) semantic analysis, Morphological analysis (MA) [235]; LDA, core and potential technology identification, technology roadmap with SAO [350]; Technology growth, technology applicability of new technology combinations [369]; LDA, Text Mining, Natural Language Toolkit (NLTK) algorithm, TEMPEST and SCAMPER model [392]; Text Mining, Clustering, generative topographic mapping, PCA [399]; NLP, s domain knowledge networks, network analysis, regression [400]; Text Mining, Clustering, Network Analysis [406];  latent semantic analysis (LSA) (Text Mining), outlier detection, angle-based outlier factor (ABOF) [412]; LDA, MDS (multidimensional scaling) and LOF (local outlier factor), technology level map [413]; Text Mining, Clustering, graph-based semi-supervised learning [414]; Text Mining, Clustering [424][466]; 		LDA, SOM and Network Analysis [74]; PCA, Subject–action–object (SAO) semantic analysis, Morphological analysis (MA) [235]; LDA, core and potential technology identification, technology roadmap with SAO [350]; LDA, Text Mining, Natural Language Toolkit (NLTK) algorithm, TEMPEST and SCAMPER model [392]; Text Mining, Clustering, generative topographic mapping, PCA [399]; NLP, s domain knowledge networks, network analysis, regression [400]; Text Mining, Clutering, Network Analysis [406][426]; Text Mining, BiLSTM-CRF neural network model, clustering [407]; SAO, NLP [410]; (Text Mining), outlier detection, angle-based outlier factor (ABOF) [412]; LDA, MDS (multidimensional scaling) and LOF (local outlier factor), technology level map [413]; Text Mining, Clustering, graph-based semi-supervised learning [414]; SAO, semantic similarity [421]; Text Mining, Clustering [424]; text mining, clustering [456][466]; text mining, topic modelling, clustering [465]		NLP, K-Means, Network Analysis [202]; Text Mining, Clustering, Network Analysis [406][426]; SAOx, Topic Modelling [411]; (Text Mining), outlier detection, angle-based outlier factor (ABOF) [412]		SAO, random forest, ant colony optimization [391]; LDA, Text Mining, Natural Language Toolkit (NLTK) algorithm, TEMPEST and SCAMPER model [392]; SAO, NLP [410]; Text Mining, Clustering, graph-based semi-supervised learning [414]; SAO, semantic similarity [421]; Text Mining, Clustering [424]; Text mining, Clustering, Network analysis [426]; text mining, novelity detection techniques (gaussian fitting, clustering, ..), statistics for patent evaluation [428]; NLP, semantic similariy measurement, multidimensional scaling, outlier detection [429]		GTM and LDA [70]; Morphology Analysis-Based Technology Roadmap [75]; Text Mining and Clustering [102]; Text Mining, local outlier factor (LOF) algorithm, Clustering [126]; Text Mining, Association Rule Mining [148]; Text mining, Statistics, K-medoids clustering based on support vector clustering (KM-SVC) [310]; Text Mining, clustering, innovation algorithm generation [352]; network analysis, LDA, keysgraph analysis, index-based approach [353]; modified local outlier factor, naive bayes model, statistics [361]; SAO, network analysis [367]; Morphology Analysis, Conjoint Analysis [387]; Text Mining, Network Analysis, PCA [394]; Text Mining, Topic Modelling [396]; Text Mining, Network Analysis [397]; Text Mining, generative topology mapping (GTM), link prediction with SVM [416]; text mining, PCA, statistics [431]; morphology analysis, text mining [432][433]		modified local outlier factor, naive bayes model, statistics [361]; network analysis [378]; Morphology Analysis, Conjoint Analysis [387]; SAO, random forest, ant colony optimization [391]; Text Mining, Clustering, graph-based semi-supervised learning [414]; network analysis, lnk prediction [415]; network analysis, outlier detection [418]; clustering, network analysis, outlier scoring [420]; network analysis, cross-impact analysis, portfolio analysis [423]; Text mining, Clustering, Network analysis [426]; text mining, PCA, statistics [431]		network analysis, LDA, keysgraph analysis, index-based approach [353]; modified local outlier factor, naive bayes model, statistics [361]; network analysis [378]; Morphology Analysis, Conjoint Analysis [387]; Text Mining, Clustering, graph-based semi-supervised learning [414]; network analysis, lnk prediction [415]; network analysis, outlier detection [418]; clustering, network analysis, outlier scoring [420]; network analysis, cross-impact analysis, portfolio analysis [423]; Text mining, Clustering, Network analysis [426]				Text Mining, Clustering, graph-based semi-supervised learning [414]; network analysis, GTM, time series analysis [442]								patent office [310], priority country [391]; text: novelty, utility [399]; transactions, reassignments [456]		News Websites [102][396]; Product Data [148]; Experts, unified structured inventive thinking (USIT) [352]; publications [378][392][406][424][434][456]; industry and firm specific data [391]; firm data [395]; publications, market reports [397]; Experts [399][432]; product information from Korea Institute of Science and Technology Information (KISTI) [405][421]

		Which potential does a technology have? (promising tech.)		identify potential users of technology with citation network [30]; entropy-based indicator system [236]; statistics/indicators [441]; text mining, clustering [456]		entropy-based indicator system [236]		Text Mining, k-Nearest Neighbour [170]; entropy-based indicator system [236]		entropy-based indicator system [236]; text mining, network analysis [437]; network analysis, text mining, clustering [439]; statistics/indicators [441]						Multi-Class Classification Model [76]								identify potential users of technology with citation network [30]; Multi-Class Classification Model [76]; evaluate transferability with deep neural network [171]; principal component analysis (PCA), decision making trial and evaluation laboratory (DEMATEL), social network analysis (SNA) [181]; entropy-based indicator system [236]; technology knowledge stock, PCA, random forest classifier [288]; clustering, statistics [440]; statistics/indicators [441]; text mining, clustering [456]				Technology Roadmap, SAO, Text Mining [67]; text mining, GTM, network analysis [436]; network analysis, text mining, clustering [439]; text mining, clustering [456]				Multi-Class Classification Model [76]; Text Mining, k-Nearest Neighbour [170]; evaluate transferability with deep neural network [171]; entropy-based indicator system [236]; clustering, statistics [440]		Multi-Class Classification Model [76]; Innovation Topic Networks and OFIT Maps [79]; text mining, clustering [435]; text mining, network analysis [437]		entropy-based indicator system [236]; machine learning zur identifikation des parameters knowledge accumuliation quality [355];		identify potential users of technology with citation network [30]; Multi-Class Classification Model [76]; Text Mining, k-Nearest Neighbour [170]; entropy-based indicator system [236]; machine learning zur identifikation des parameters knowledge accumuliation quality [355]; clustering, statistics [440]; statistics/indicators [441]		entropy-based indicator system [236]		evaluate transferability with deep neural network [171] 		evaluate transferability with deep neural network [171] 				Multi-Class Classification Model [76]; number of legal transactions [236]		number of agents [171]; triadic [440]; transactions, reassignments [456]		Publications, Market Data [67]; publications [435][436][456]; user reviews, experts [437]; publications, experts [439]
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Use Case \ Indikator
(Probable) 
Assignee Inventor Publication Date

Priority/Applicat
ion Date Expected Expiry Document Type Status DoA

Application 
Route Renewed

Classification 
(IPC/CPC) Title Abstract Description

How is a technology 
field set up? 26 4 11 28 0 2 3 0 0 0 28 5 11 4

How diffuse is it? 8 4 7 4 0 0 0 0 0 0 9 2 1 0

How did it develop so 
far? 6 2 2 34 0 1 0 0 0 0 27 12 14 3

How mature is it? 3 2 5 15 0 1 0 0 0 0 7 1 2 0

How sustainable is it? 3 0 2 1 0 3 0 0 0 0 8 2 2 0

How much is it worth? 2 1 0 5 0 0 0 0 0 0 6 0 0 0

How innovative is it? 5 2 1 4 0 0 2 0 0 0 9 0 1 1

What are key
technologies? 9 0 1 18 0 3 0 0 0 0 23 9 7 2

How disruptive is it? 3 1 0 3 0 0 0 0 0 0 2 1 2 0

What are the 
technologies of 
tomorrow? 11 4 3 21 0 0 0 0 1 1 21 10 16 0

Where are white 
spots? 8 0 0 21 0 0 0 0 0 0 18 13 18 5

Which potential does 
a technology have? 4 1 2 4 0 0 1 0 0 0 9 0 4 0

How will a technology 
field develop? 8 4 6 19 1 0 1 0 1 0 23 9 10 1

96 25 40 177 1 10 7 0 2 1 190 64 88 16
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Use Case \ Statistics Number of Publications Average Age Most Used Data Fields Additional Datasources

How is a technology 
field set up? 53 2016,09

Assignee, Priority/Applicatio Date, 
Classification (28) publications, literature reviews, expert opinions, grants, funding

How diffuse is it? 39 2015,21 Backward Citation (23) publications, country information, xtandards, R&D data, cross-national brokerages, trademarks

How did it develop so 
far? 71 2017,49 Priority/Application Date (34) publications, literature reviews, market data, product data, company data, Twitter, experts, funds, news

How mature is it? 31 2017,03 Priority/Application Date (15) publications, standards, news, capital investments, clinical trials, product data

How sustainable is it? 26 2020,19 Classification (8)
publications, green R&D, R&D investment, capital stock, and GDP per capita, tertiary education and openness are shares of GDP, company 
data, country information

How much is it worth? 10 2019,3 Classificatio, Forward Citations (6) publications, financial data, firm ownership data

How innovative is it? 23 2017,91 Classification (9)
publications, company data, inventor-establishment data set and establishment level NACE industry codes, cumulative (market-adjusted) 
abnormal returns (CAR)

What are key
technologies? 54 2017,07 Classification (23) publications, literature reviews,  market analysis, SEPs, social information, experts, Twitter

How disruptive is it? 4 2021,5 Assignee, Priority/Applicatio Date (3) publications, interviews, start-Ups, news, social media

What are the 
technologies of 
tomorrow? 48 2018,31 Priority/Application Date, Classification (21) publications, market database, web data (futuristic websites), SEPs, experts, Wikipedia, Twitter, technical dictionary

Where are white spots? 57 2017,35 Priority/Application Date (21)
publications, news websites, product data, experts, unified structured inventive thinking (USIT), industry and firm specific data, market 
reports, product information from Korea Institute of Science and Technology Information (KISTI)

Which potential does a 
technology have? 17 2018,76 Classification (9) publications, market data, user reviews, experts

How will a technology 
field develop? 53 2018,25 Classification (23) publications, product data, commercial database, experts, funds, news, market data

Total: 404
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Additional Data Fields
—
• Assignee/Inventor Country
• Triadic patent
• Assignee type (public research institute, university, industry)
• Patent right transaction data, reassignments
• Patent litigation data and lawsuits
• Self-family citations
• Keywords
• Patent Office
• Number of pages
• Number of agents
• Priority country
• …

(Probable) Assignee 96
Inventor 25
Publication Date 40
Priority/Application Date 177
Expected Expiry 1
Document Type 10
Status 7
DoA 0
Application Route 2
Renewed 1
Classification (IPC/CPC) 190
Title 64
Abstract 88
Description 16
Claims 43
Fulltext 93
Backward Citations 131
Forward Citations 127
NPL Citation 23
Jursidiction 31
Examineer/Applicant Citations 1
Image 2
Family Size 14
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Limitations of the approach

• Everything depends on the search query

• Time-consuming

Next Steps

• Evaluation of further Use Cases (Actors Analysis, Market Analysis,…)

• Evaluation of methods

• Focus on white spots in table

© Fraunhofer
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