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REPORT Task HERA WP 4.4 Visualisation

Integrated Assessment of research gaps; Visualisation and description of research gaps

Tianyu Zhao (HMGU), Franziska Matthiégesler (HMGU), Anke Huss (UU)

INTRODUCTION
The overall aim of the HERA projediiset the priorities for a miderm 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 issuesaméxus 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 assessmentre€ent 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 withiorass a

priori defined research categories and-fe8ded research efforts, and to make the integration

across these categories visible.

METHODS
To identify potential research gaps of-E@ded 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 difféedds fof 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 Agarches 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 rekegaps 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 wetjaisg
research projects available on the EU project database Covdigv(cordis.europa.e)l Covering six
years of research pjects, 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 envircemmaemealth.

Much fewer projects were identified for the categories problem or sebmsed 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 anadys
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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,-grams as well as term frequengwerse document frequency (TIDF). 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 thethree research dagories: 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 listel thsearch

groups for textbased 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 performedIDiF, which assigns an inverse weight based on the
overall frequeng 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 networksIBiFTiweighted
words, which allows to show relationships of simultaneously used wordsasbination 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 keywoagipearing 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 theantedaandtidytext packages (1, 2).

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

corresponding suareas in supplemental Tables ST1, ST2 and ST3. Most frequently named words of
the research gaps reported per these three areas are shown in d @oud 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 | 321 (51.4)
paradigm
Problem or sectobased approaches to environment and humg 120 (19.2)
health
Holistic approaches to environment and human health 156 (25.0)
NA 27 (4.3)
total 624(100.0)




Figure F1: Visualised networkBfivironmental Exposures, Classical environment and health
paradigm
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Figure F1: Visualised network®foblem or Sector based Approaches to environment and health
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Figure F3: Visualised netwarsk Holistic Approaches to environment and health
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TFIDF 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-afeag(in order to make the
connectionsand keywords visible), in Figures 4. 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 SF265F29, pertaining to projects that started hetyear2019 or later; and of

earlier projects that started in the years 202618, 20122015, 201€2012. Note that all projects

were operational in the years 2015 or later.

DISCUSSION
We visualized 624 individual reported research gaps grouped per thagenesearch 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 viswaltions. Finally, we displayed overall distance ofup@ed
research projects and three major research areas that we had deéineobri

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 pgtim particular, FIDF provides a

way to present research gaps or key words that are relatively less frequently named and that are
GKSNBTF2NBE KelLRiKSaAl SR G2 0SS Y2NB dzyAljdzS yR LR
KAIKEAIKGE OK2NB adRiiRBIYyaifASe tR2Sa y23i ySOoSaalrNAte& Y
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 whemghmgrams. 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 decidegtesent networks per research saoea instead. While
this approach made the crosslinks within sateas 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 (22021) and earlier (201:3018)
funded projects.

We also calculated distance of research gap kegaavith keywords identified for ElQnded

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 matwhile 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 oflum@ 2021. This means thany 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 doestrmrovide 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 EQunded projects in the area of environmental healllext mining andiisualisations are
a simple tool to present texthased information and to identify connections within research areas.
There are no direct implications for the final HERA research agenda.

REFERENCES
(1) Silge et al., (2016). tidytext: Text Mining and Analysis Using Tidy Data Principles in R. Journal

of Open Source Software, 1(3), 37, 1 doi:10.21105/joss.00037
(2) Benoit et al., (2018). quanteda: An R package for the quantitative analysis dcltdata.
Journal of Open Source Software, 3(30), 774. 1 https://doi.org/10.21105/joss.00774
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Sub-area Number (%)
1. Urban environment including pollution (air, noise, etc.) &eaeficial 134 (41.7)
environments (green, blue space) and human health
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 considerqsea, surface and underground water and| 13 (4.0)
human health
5. lonising, noAonising 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)
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Sub-area Number (%)
1. Climate change including extreme weather, adaptation, mitigation and he 38 (31.7)
co-benefits/adverse health effects
2. Urbanization, incl. sustainable urbdevelopment, healthy cities and humar 20 (16.7)
health
3. Biodiversity loss and human health 2.7
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 trasition (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)
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1. Ecosystems under pressure, ecosystem services and human health 25 (16.0)

2. Socioeconomic factors and the environment, environmental justice, equit} 33 (21.2)
sustainable economic growth, capacity building and human health

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

4. One Health concept includinginal and human interactions and health: th{ 21 (13.5)
role of wild fauna, domestic animals and farming practices in pathogen
transmission and human health

5. Planetary health/planetary boundaries, sustainable solutions and human | 37 (23.7)
health

6. Ethics anghilosophy 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

Environmental Exposures, Classical environment,
and health paradigm
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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 2) Problem/sectoibased approaches to environment and
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Supplementaryrigure SF3: TIBF of bigrams of the three main research areas
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The graph shows bigrams weighted adDF per 3 main areas (1) Environmental exposures, classical
environmental health paradigm; (2) Problem/sector based approaches to environment anchhuma
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 analgéifeature cooccurrences (sulrea 11, see also ST1)
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Supplementary Figure SF5: Network analgéifeature ceoccurrences (sularea 12, see also ST1)
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Supplementary Figure SF6: Network analgbfeature ceoccurrences (sufarea 13 see also ST1)
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Supplementary Figure SF7: Network analgbifeature ceoccurrences (sularea 14 see also ST1)

environment |5ck
L]
- L ]

matric —~_microplast
| ° analit °
character ¢ scarg.
»instrument
effect-bas
[ ]
W|despread arsenic combitox
attribut e Fé\ 7.d|s;|nfect
sourc_ by- prod‘(ci .f‘i;»bUrden food  imat
blodlﬁon ——contamin /X drink t =l
o SV ) ,)F effect ./ \chang
.particular — 2 assocr —~ product||
studi éxposur’ blolog heaf’trl'_ *#presenc SCenaro
¢ <y \ chemlc
rout emerg V4
mixtur
aquat
N
L J e
, environ assess
consid

TNREY | NBlI GOYOBANRBYYSyil

bSGis2N] F2NJ mo NBaLJyaSé
G2 G8NJ O2y il YAYIGA2Y O2y&A RSN

LIk N} RAIYES &dzolk NBIE
KdzYty KSFfiKé



Supplementary Figure SF8: Network analgsfeature cooccurrences (subrea 15 see also ST1)
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Supplementary Figure SF9: Networlabsisof feature ceoccurrences (sularea 16 see also ST1)
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Supplenentary Figure SF10: Network analysfi$eature ceoccurrences (suarea 21 see also ST2)
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Supplementary Figure SF11: Network analgbfeature ceoccurrences (suarea 22 see also ST2)
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Supplementary Figure SF12: Network analgbfeature ceoccurrences (suarea 23 see also ST2)
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Supplementary Figure SF13:
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Supplementary Figure SF14: Network analykfeature ceoccurrences (swarea2-5, see also ST2)
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Supplementary Figure SF15: Network analykfeature ceoccurrences (suarea 26, see also ST2)
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Supplementary Figure SF16: Network analykfeature ceoccurrences (suarea 27, see also ST2)
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Supplementary Figure SF17: Network analgbfeature ceoccurrences (suarea 28 see also ST2)
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Supplementary Figure SF18: Network analykfeature ceoccurrences (suarea 31, see also ST3)
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Supplementary Figure SF19: Network analykfeature ceoccurrences (suarea 32, see also ST3)
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Supplementary Figure SF20: Network analykfeature ceoccurrences (suarea 33, see also ST3)
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Supplementary Figure SF21: Network analykfeature ceoccurrencegsubarea 34, see also ST3)
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Supplementary Figure SF22: Network analykfeature ceoccurrences (swarea 35, see also ST3)
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Supplementary Figure SF23: Network analykfeature ceoccurrences (suarea 36, see also ST6)
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Supplementary Figure SF24: Network analykfeature ceoccurrences (suarea 37, see also ST3)
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Supplementary Figure SFZ5iclidean distance among three areas pluguf@ed ongoing projects,
based on Zyramdocumentfeature matrix

o~
<
S 7] -— %)
o = 2
— e Qo
< e
g o
S g5t
£ o o°
o -
© — =
T O
3 m
9 4
o
o
I3e)
8 -
o

Area 2
Area 3

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 healtifArea 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.



Supplementay Figure SF26: Network analysf€ECGfunded recent projects (2022025, n=116)
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Supplementary Figure SF27: Network analygiE Gfunded projects (2012018, n=144)
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Supplementary Figure SF28: Network analysiECfunded projects (2012015, n=137)



