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Integrated Assessment of research gaps; Visualisation and description of research gaps 
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INTRODUCTION 
The overall aim of the HERA project is to set the priorities for a mid-term research agenda in the EU 

covering the health, environment and climate nexus. Research is expected to support decision-

making at all levels and to help attaining the ultimate goals of protecting and improving both, the 

health of the ecosystems and human health. Thus, the approach of the project combines the 

perspective of researchers in the respective fields with close and continuous interactions with 

stakeholders who are particularly concerned with relevant issues in the nexus to identify important 

and relevant research areas and topics for forthcoming research. To avoid repetition of already 

ongoing research and to be able to put suggested research gaps into context, HERA workpackage 4 

also carried out an assessment of recent and ongoing European Commission (EC) funded projects in 

the area of health, environment and climate. Task 4.4 of the HERA workpackage 4 tackled text mining 

and visualisation as a tool to display and integrate the collected research gaps within and across a 

priori defined research categories and EC-funded research efforts, and to make the integration 

across these categories visible. 

 

METHODS 
To identify potential research gaps of EC-funded environmental research, we conducted a survey 

between April and July 2019 inviting experts active in the respective research areas to report 

research gaps. We clustered the received answers in 21 different fields of action. The results were 

then summarized in written form and the potential research gaps were grouped together into the 

following three areas: (1) Environmental Exposures, Classical environment and health paradigm, (2) 

Problem or Sector based Approaches to environment and human health, and (3) Holistic Approaches 

to environment and human health. Study participants were invited to preselect a field of action as 

their primary area of expertise, and then to report what they thought were relevant research gaps in 

that field. Research gap titles could be reported with a maximum of 150 characters, and short 

descriptions could be added with a maximum of 750 characters.  

Using the same structure, we additionally collected and summarised finalised as well as ongoing 

research projects available on the EU project database Cordis (www.cordis.europa.eu). Covering six 

years of research projects, we identified a total of 448 projects funded by the EC in the field of 

environment and health operating between 2015 and until June 2021. The strongest focus was on 

projects addressing environmental exposures (n=294 projects), classical environment and health. 

Much fewer projects were identified for the categories problem or sector-based approaches (n=155 

projects), as well as for holistic approaches (n=39 projects). Of these projects, titles as well as 

keyword descriptions were available for analysis. 
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To analyse survey text entries in an agnostic approach, we used text mining procedures: To show 

overall frequency of most common keywords, we displayed word clouds. In addition, we used two 

types of procedures, n-grams as well as term frequency-inverse document frequency (TF-IDF). Text 

mining procedures were used on research gap descriptions provided by scientists in the survey, 

which had a text entry limitation of 750 characters. Text mining was carried out separately for each 

of the three research categories: classical environment and health paradigm; problem or sector-

based approaches; and holistic approaches. In a second step, we performed the same procedure on 

the table of the EU projects, using the keywords of the projects per the above listed three research 

groups for text-based analysis.  

N-grams tokenize text into consecutive sequence of words; we set n to 2 (bigrams) to evaluate pairs 

of most common bigrams. We next performed TF-IDF, which assigns an inverse weight based on the 

overall frequency that a word appears in a text. The method thus allows to identify rarely used (and 

therefore presumably valuable) words in the document. We visualised networks of TF-IDF weighted 

words, which allows to show relationships of simultaneously used words as a combination of 

connected nodes. For completeness, we also visualised networks of recently EC funded projects 

(2019 and later) and of earlier projects (until 2018). Finally, we calculated and displayed overall 

distance (Euclidian distance) of the keywords appearing in the three research categories, as opposed 

to the EC funded research projects of the past few years. Text mining and visualisation approaches 

were performed in R version 4.0.3 using the quanteda and tidytext packages (1, 2). 

 

RESULTS 
Number of reported research gaps of the main three areas are reported in Table 1, and of the 

corresponding sub-areas in supplemental Tables ST1, ST2 and ST3. Most frequently named words of 

the research gaps reported per these three areas are shown in a word cloud in Supplementary Figure 

SF1; and including the keywords for currently funded EC projects in a separate word cloud in SF2.  

 

Table 1: Categories of area of expertise to report research gaps 

Variable Area  Number (%) 

Area of expertise Environmental exposures, classical environment and health 

paradigm  

321 (51.4) 

 Problem or sector-based approaches to environment and human 

health 

120 (19.2) 

 Holistic approaches to environment and human health 156 (25.0) 

 NA 27 (4.3) 

total  624 (100.0) 

 

  



Figure F1: Visualised network of Environmental Exposures, Classical environment and health 

paradigm  

 

 

  



Figure F1: Visualised network of Problem or Sector based Approaches to environment and health 

 

 

 

  



Figure F3: Visualised network of Holistic Approaches to environment and health 

 

 

 

TF-IDF of bigrams of the three main research areas are shown in SF3. Visualised networks per main 

research category are shown in Figures F1, F2 and F3; and of sub-areas (in order to make the 

connections and keywords visible), in Figures SF4-SF24. Euclidian distance of the research categories 

and EC funded projects are shown in SF25. For completeness, networks of EC funded projects are 

shown in Figures SF26 ς SF29, pertaining to projects that started in the year 2019 or later; and of 

earlier projects that started in the years 2016-2018, 2013-2015, 2010-2012. Note that all projects 

were operational in the years 2015 or later. 

DISCUSSION 
We visualized 624 individual reported research gaps grouped per three main research categories, 

and also included keywords of 448 EC funded research projects of the past few years (until June 

2021). In this effort, we focused on most frequently used keywords, on rarity (or infrequency)-

weighted bigrams, and on network visualisations. Finally, we displayed overall distance of EC-funded 

research projects and three major research areas that we had defined a priori. 

Visualisations such as word clouds are a simple and intuitive way to present keywords that occur 

most frequently. However, because a frequently mentioned research gap does not necessarily mean 

the most valuable research gap, we also provided weighted options. In particular, TF-IDF provides a 

way to present research gaps or key words that are relatively less frequently named and that are 

ǘƘŜǊŜŦƻǊŜ ƘȅǇƻǘƘŜǎƛȊŜŘ ǘƻ ōŜ ƳƻǊŜ ǳƴƛǉǳŜ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ƳƻǊŜ ǾŀƭǳŀōƭŜΦ IƻǿŜǾŜǊΣ ǿŜΩŘ ƭƛƪŜ ǘƻ 

ƘƛƎƘƭƛƎƘǘ ǘƘŀǘ άǇƻǘŜƴǘƛŀƭƭȅ ƳƻǊŜ ǾŀƭǳŀōƭŜέ ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƳŜŀƴ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ƛƴ ǘŜǊƳǎ ƻŦ ǇǳōƭƛŎ 

health. Relevance as such was not included in our visualization effort and would necessitate different 



approaches. Frequency (or rarity) of keywords can be listed as we did when showing bigrams. More 

informative may be showing crosslinks within or across research areas. However, we realized that 

the amount of information was too large for clear visualization of our broad categories spanning 

many research gaps. We therefore decided to present networks per research sub-area instead. While 

this approach made the crosslinks within sub-areas visible, it by definition omits crosslinks between 

the broader research lines. A similar pattern emerged when we visualized networks of EC funded 

projects, with too much information that was available than could be clearly visualized. This 

remained also after we stratified the networks into more recent (2019-2021) and earlier (2015-2018) 

funded projects.  

We also calculated distance of research gap keywords with keywords identified for EC-funded 

research projects. We found that research gaps reported within environmental exposures and 

classical environmental health paradigms were closest related to research that is currently being 

funded by the EC. Of note, while we scanned ongoing and funded research projects, we did not 

additionally assess open calls. Research funding is an ongoing process, and we assessed the topics of 

projects funded and showcased on cordis.europa.eu as of mid-June 2021. This means that any such 

distance analysis and its respective interpretation is likely to gradually change over time. Distance 

analysis is informative in the sense that it can display in a very simplified way where the current focus 

of research is, but again, it does not provide an indication of the kind of research that should be 

performed in the future. 

CONCLUSIONS AND IMPLICATIONS FOR THE FINAL HERA RESEARCH AGENDA 
We showed most frequently used keywords within reported research gaps including of a large 

number of EC funded projects in the area of environmental health. Text mining and visualisations are 

a simple tool to present text-based information and to identify connections within research areas. 

There are no direct implications for the final HERA research agenda. 
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ST1: Sub-ÁÒÅÁ ÏÆ Ȱ%ÎÖÉÒÏÎÍÅÎÔÁÌ ÅØÐÏÓÕÒÅÓ ÁÎÄ ÈÕÍÁÎ ÈÅÁÌÔÈȱ 

Sub -area Number (%) 

1. Urban environment including pollution (air, noise, etc.) and beneficial 

environments (green, blue space) and human health 

134 (41.7) 

2. Biological agents, incl. pollen (allergies) and human health 18 (5.6) 

3. Chemicals including endocrine disruptors, pesticides and human health 114 (35.5) 

4. Water contamination considering sea, surface and underground water and 

human health 

13 (4.0) 

5. Ionising, non-ionising radiation and human health 26 (8.1) 

6. Plastics (incl. micro and nanoplastics) and human health 11 (3.4) 

deselect choice 5 (1.6) 

Total 321 (100.0) 

 

ST2: Sub-areas of Ȱ0ÒÏÂÌÅÍȾÓÅÃÔÏÒ ÂÁÓÅÄ ÁÐÐÒÏÁÃÈÅÓ ÔÏ ÅÎÖÉÒÏÎÍÅÎÔ ÁÎÄ ÈÕÍÁÎ 

ÈÅÁÌÔÈȱ 
Sub -area Number (%) 

1. Climate change including extreme weather, adaptation, mitigation and health 

co-benefits/adverse health effects 

38 (31.7) 

2. Urbanization, incl. sustainable urban development, healthy cities and human 

health 

20 (16.7) 

3. Biodiversity loss and human health 2 (1.7) 

4. Transport, mobility, sustainable solutions and human health 8 (6.7) 

5. Sustainable food production (incl. agriculture) and human health 15 (12.5) 

6. Energy transition (incl. fracking) and human health 1 (0.8) 

7. Waste, circular economy and human health 7 (5.8) 

8. Industrial, occupational changes and human health 24 (20.0) 

deselect choice 5 (4.2) 

Total 120 (100.0) 

 

ST3: Sub-ÁÒÅÁÓ ÏÆ Ȱ(ÏÌÉÓÔÉÃ ÁÐÐÒÏÁÃÈÅÓ ÔÏ ÅÎÖÉÒÏÎÍÅÎÔ ÁÎÄ ÈÕÍÁÎ ÈÅÁÌÔÈȱ 
Sub -area Number (%) 



1. Ecosystems under pressure, ecosystem services and human health 25 (16.0) 

2. Socioeconomic factors and the environment, environmental justice, equity, 

sustainable economic growth, capacity building and human health   

33 (21.2) 

3. Environmental change, economic crises, conflict and human health 11 (7.1) 

4. One Health concept including animal and human interactions and health: the 

role of wild fauna, domestic animals and farming practices in pathogen 

transmission and human health 

21 (13.5) 

5. Planetary health/planetary boundaries, sustainable solutions and human 

health 

37 (23.7) 

6. Ethics and philosophy concerning environment and human health 9 (5.8) 

7. Transformational change/ mitigation action and human health 15 (9.6) 

deselect choice 5 (3.2) 

Total 156 (100.0) 



Supplementary Figure SF1: Word cloud of research gaps 

 

 

Word cloud of research gaps described per 3 main research areas (1) Environmental exposures, 

classical environmental health paradigm/ Area 1; (2) Problem/sector based approaches to 

environment and human health/ Area 2; (3) Holistic approaches to environment and human health/ 

Area 3 



Supplementary Figure SF2: Word cloud of research gaps and of ongoing EC funded projects 

 

 

 

Word cloud of research gaps described per 3 main areas (1) Environmental exposures, classical 

environmental health paradigm/ Area 1; (2) Problem/sector-based approaches to environment and 

health/ Area 2; (3) Holistic approaches to environment and health/ Area 3; and of EC funded projects 

όƪŜȅǿƻǊŘǎ ƻƴƭȅύ ƻŦ ǇǊƻƧŜŎǘǎ ƻŦ ǘƘŜ Ǉŀǎǘ Ϥс ȅŜŀǊǎ όά9/ ŦǳƴŘŜŘ ǇǊƻƧŜŎǘǎέύΦ 



Supplementary Figure SF3: TF-IDF of bigrams of the three main research areas 

 

 

The graph shows bigrams weighted as TF-IDF per 3 main areas (1) Environmental exposures, classical 

environmental health paradigm; (2) Problem/sector based approaches to environment and human 

health; (3) Holistic approaches to environment and human health. This means that the bigrams are 

weighted according to low occurrence in the respective other areas. 



Supplementary Figure SF4: Network analysis of feature co-occurrences (sub-area 1-1, see also ST1) 

 

 

bŜǘǿƻǊƪ ŦƻǊ моп ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŜȄǇƻǎǳǊŜǎΣ ŎƭŀǎǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ 

ǇŀǊŀŘƛƎƳέΣ ǎǳōŀǊŜŀ ά¦Ǌōŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴŎƭǳŘƛƴƎ Ǉƻƭƭǳǘƛƻƴ όŀƛǊΣ ƴƻƛǎŜΣ ŜǘŎΦύ ŀƴŘ ōŜƴŜŦƛŎƛŀƭ 

environments (green, blue space) and human heŀƭǘƘέ 



Supplementary Figure SF5: Network analysis of feature co-occurrences (sub-area 1-2, see also ST1) 

 

 

bŜǘǿƻǊƪ ŦƻǊ му ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŜȄǇƻǎǳǊŜǎΣ ŎƭŀǎǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ 

ǇŀǊŀŘƛƎƳέΣ ǎǳōŀǊŜŀ ά.ƛƻƭƻƎƛŎŀƭ ŀƎŜƴǘǎΣ ƛƴŎƭΦ ǇƻƭƭŜƴ όŀƭƭŜǊƎƛŜǎύ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ



Supplementary Figure SF6: Network analysis of feature co-occurrences (sub-area 1-3 see also ST1) 

 

 

bŜǘǿƻǊƪ ŦƻǊ ммп ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŜȄǇƻǎǳǊŜǎΣ ŎƭŀǎǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ 

ǇŀǊŀŘƛƎƳέΣ ǎǳōŀǊŜŀ ά/ƘŜƳƛŎŀƭǎ ƛƴŎƭǳŘƛƴƎ ŜƴŘƻŎǊƛƴŜ ŘƛǎǊǳǇǘƻǊǎΣ ǇŜǎǘƛŎƛŘŜǎ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF7: Network analysis of feature co-occurrences (sub-area 1-4 see also ST1) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ мо ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŜȄǇƻǎǳǊŜǎΣ ŎƭŀǎǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ 

ǇŀǊŀŘƛƎƳέΣ ǎǳōŀǊŜŀ ά²ŀǘŜǊ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ŎƻƴǎƛŘŜǊƛƴƎ ǎŜŀΣ ǎǳǊŦŀŎŜ ŀƴŘ ǳƴŘŜǊƎǊƻǳƴŘ ǿŀǘŜǊ ŀƴŘ 

ƘǳƳŀƴ ƘŜŀƭǘƘέ 



 

Supplementary Figure SF8: Network analysis of feature co-occurrences (sub-area 1-5 see also ST1) 

 

 

bŜǘǿƻǊƪ ŦƻǊ нс ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŜȄǇƻǎǳǊŜǎΣ ŎƭŀǎǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ 

ǇŀǊŀŘƛƎƳέΣ ǎǳōŀǊŜŀ άLƻƴƛǎƛƴƎΣ ƴƻƴ-ƛƻƴƛǎƛƴƎ ǊŀŘƛŀǘƛƻƴ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF9: Network analysis of feature co-occurrences (sub-area 1-6 see also ST1) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ мм ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŜȄǇƻǎǳǊŜǎΣ ŎƭŀǎǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ 

ǇŀǊŀŘƛƎƳέΣ ǎǳōŀǊŜŀ άtƭŀǎǘƛŎǎ όƛƴŎƭΦ ƳƛŎǊƻ ŀƴŘ ƴŀƴƻǇƭŀǎǘƛŎǎύ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 

 



Supplementary Figure SF10: Network analysis of feature co-occurrences (sub-area 2-1 see also ST2) 

 

 

bŜǘǿƻǊƪ ŦƻǊ оу ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ ά/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴŎƭǳŘƛƴƎ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊΣ ŀŘŀǇǘŀǘƛon, mitigation and health co-

ōŜƴŜŦƛǘǎκŀŘǾŜǊǎŜ ƘŜŀƭǘƘ ŜŦŦŜŎǘǎέ 



Supplementary Figure SF11: Network analysis of feature co-occurrences (sub-area 2-2 see also ST2) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ нл ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ environment and human 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ ά¦ǊōŀƴƛȊŀǘƛƻƴΣ ƛƴŎƭΦ ǎǳǎǘŀƛƴŀōƭŜ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘΣ ƘŜŀƭǘƘȅ ŎƛǘƛŜǎ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέ 

 



Supplementary Figure SF12: Network analysis of feature co-occurrences (sub-area 2-3 see also ST2) 

 

 

Network for 2 ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ ά.ƛƻŘƛǾŜǊǎƛǘȅ ƭƻǎǎ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF13: Network analysis of feature co-occurrences (sub-area 2-4 see also ST2) 

 

 

Network fƻǊ у ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ ά¢ǊŀƴǎǇƻǊǘΣ ƳƻōƛƭƛǘȅΣ ǎǳǎǘŀƛƴŀōƭŜ ǎƻƭǳǘƛƻƴǎ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 

 



Supplementary Figure SF14: Network analysis of feature co-occurrences (sub-area 2-5, see also ST2) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ мр ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ ά{ǳǎǘŀƛƴŀōƭŜ ŦƻƻŘ ǇǊƻŘǳŎǘƛƻƴ όƛƴŎƭΦ ŀƎǊƛŎǳƭǘǳǊŜύ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF15: Network analysis of feature co-occurrences (sub-area 2-6, see also ST2) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ м ǊŜǎǇƻƴǎŜ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ ά9ƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴ όƛƴŎƭΦ ŦǊŀŎƪƛƴƎύ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF16: Network analysis of feature co-occurrences (sub-area 2-7, see also ST2) 

 

 

bŜǘǿƻǊƪ ŦƻǊ т ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ ά²ŀǎǘŜΣ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 

 



Supplementary Figure SF17: Network analysis of feature co-occurrences (sub-area 2-8 see also ST2) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ нп ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άtǊƻōƭŜƳκǎŜŎǘƻǊ ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ 

ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ άLƴŘǳǎǘǊƛŀƭΣ ƻŎŎǳǇŀǘƛƻƴŀƭ ŎƘŀƴƎŜǎ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ



Supplementary Figure SF18: Network analysis of feature co-occurrences (sub-area 3-1, see also ST3) 

 

 

bŜǘǿƻǊƪ ŦƻǊ нр ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άIƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέΣ 

ǎǳōŀǊŜŀ ά9ŎƻǎȅǎǘŜƳǎ ǳƴŘŜǊ ǇǊŜǎǎǳǊŜΣ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF19: Network analysis of feature co-occurrences (sub-area 3-2, see also ST3) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ оо ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άIƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέΣ 

subaǊŜŀ ά{ƻŎƛƻŜŎƻƴƻƳƛŎ ŦŀŎǘƻǊǎ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƧǳǎǘƛŎŜΣ ŜǉǳƛǘȅΣ ǎǳǎǘŀƛƴŀōƭŜ 

ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΣ ŎŀǇŀŎƛǘȅ ōǳƛƭŘƛƴƎ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF20: Network analysis of feature co-occurrences (sub-area 3-3, see also ST3) 

 

 

bŜǘǿƻǊƪ ŦƻǊ мм ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άIƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέΣ 

ǎǳōŀǊŜŀ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜΣ ŜŎƻƴƻƳƛŎ ŎǊƛǎŜǎΣ ŎƻƴŦƭƛŎǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF21: Network analysis of feature co-occurrences (sub-area 3-4, see also ST3) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ нм ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άIƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέΣ 

ǎǳōŀǊŜŀ άhƴŜ IŜŀƭǘƘ ŎƻƴŎŜǇǘ ƛƴŎƭǳŘƛƴƎ ŀƴƛƳŀƭ ŀƴŘ ƘǳƳŀƴ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƴŘ ƘŜŀƭǘƘΥ ǘƘŜ ǊƻƭŜ ƻŦ ǿƛƭŘ 

fauna, domestic animals ŀƴŘ ŦŀǊƳƛƴƎ ǇǊŀŎǘƛŎŜǎ ƛƴ ǇŀǘƘƻƎŜƴ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ



Supplementary Figure SF22: Network analysis of feature co-occurrences (sub-area 3-5, see also ST3) 

 

 

bŜǘǿƻǊƪ ŦƻǊ от ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άIƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέΣ 

ǎǳōŀǊŜŀ άtƭŀƴŜǘŀǊȅ ƘŜŀƭǘƘκǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΣ ǎǳǎǘŀƛƴŀōƭŜ ǎƻƭǳǘƛƻƴǎ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ



Supplementary Figure SF23: Network analysis of feature co-occurrences (sub-area 3-6, see also ST6) 

 

 

 

bŜǘǿƻǊƪ ŦƻǊ ф ǊŜǎǇƻƴǎŜǎ ŦǊƻƳ ŀǊŜŀ άIƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέΣ ǎǳōŀǊŜŀ 

ά9ǘƘƛŎǎ ŀƴŘ ǇƘƛƭƻǎƻǇƘȅ ŎƻƴŎŜǊƴƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ



Supplementary Figure SF24: Network analysis of feature co-occurrences (sub-area 3-7, see also ST3) 

 

 

Network for 15 responses from ŀǊŜŀ άIƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέΣ 

ǎǳōŀǊŜŀ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴŀƭ ŎƘŀƴƎŜκ ƳƛǘƛƎŀǘƛƻƴ ŀŎǘƛƻƴ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘέ 



Supplementary Figure SF25: Euclidean distance among three areas plus EC-funded ongoing projects, 

based on 2-gram document-feature matrix 

         

 

The graph shows the Euclidian distance of the three research areas: (Area 1) Environmental 

exposures, classical environmental health paradigm; (Area 2) Problem/sector based approaches to 

environment and human health; (Area 3) Holistic approaches to environment and human health. The 

fourth category includes keywords of the EC funded projects of the past ~6 years in the area of 

environment and health. Distance based on Normalised Token Frequency indicates less distance 

(more similarity) of EC funded projects with research gaps as listed in category environmental 

exposures, classical environmental health paradigm, and larger distance to problem/sector based or 

holistic approaches and human health. 



Supplementary Figure SF26: Network analysis of EC-funded recent projects (2019-2025, n=116) 

 

 



Supplementary Figure SF27: Network analysis  of EC-funded projects (2016-2018, n=144) 

 

 

 



Supplementary Figure SF28: Network analysis of EC-funded projects (2013-2015, n=137) 

 

 


