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Sustainability of research infrastructures (RIs) is a big challenge for
funders, stakeholders and operators, and the development and
adoption of adequate management tools is a major concern, namely
tools for monitoring and evaluating their performance and impact.
BioData.pt is the Portuguese Infrastructure of Biological and
Portuguese node of the European Strategy Forum on Research
Infrastructures "Landmark" ELIXIR. The foundations of this national
research infrastructure were laid under the “Building BioData.pt”
project, for four years. During this period, performance and impact
indicators were collected and analysed under the light of international
guidelines for assessing the performance and impact of European
research infrastructures produced by the European Strategy Forum
on Research Infrastructures, the Organisation for Economic Co-
operation and Development and the EU-funded RI-PATHS project. The
exercise shared herein showed that these frameworks can be adopted
by national RIs, with the necessary adaptations, namely to reflect the
national landscape and specificity of activities, and can be powerful
tools in supporting the management of RIs.

“Not everything that counts can be counted, and not everything that can
be counted, counts”. Albert Einstein, Theoretical physicist and Nobel Prize
winner
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Introduction

The long-term sustainability of Research Infrastructures (RIs) is of great importance to the European Strategic Forum on
Research Infrastructures (ESFRI) and the European Union more broadly, as shown by calls for RIs to demonstrate their
economic and wider benefit to society.' For the Organisation for Economic Co-operation and Development (OECD),
sustainability is also a major concern as Rls represent an increasingly large share of research investment by national
governments.” As a result, recent years have seen the emergence of a number of frameworks (ESFRI, OECD and that
developed by the EU-funded RI-PATHS project) to guide RIs in their journeys to demonstrate performance and impact,
going beyond simply scientific impact, and considering public value more generally.

Motivation

BioData.pt is the Portuguese Infrastructure of Biological Data and the Portuguese node of ELIXIR. In this study, the goal
was to consider three frameworks for impact and performance evaluation (ESFRI, OECD and RI-PATHS) in relation to
existing indicators maintained by the BioData.pt project, from now on referred to as “Building BioData.pt”, funded via
the Portuguese state budget and European structural funds. From this, we expected to gain a more systematic, structured,
and deeper understanding of the performance and impact of this national-level RI, and to use this new knowledge to
inform its further development towards long-term sustainability. Beyond the qualitative assessment itself, this exercise
aimed to document a process that may help national nodes of distributed European RIs to understand the impact of their
activities, to inform stakeholders, policy makers and funders, as well as to improve their operations and increase their
visibility, and overall prestige. In addition, it aimed to assess the relevance and adequacy of the indicators used by
BioData.pt. It is expected that our findings, including lessons learned, will be useful to other similar public-funded Rls,
which are often working with limited resources and do not have the means to fund repeated impact evaluations by
specialized consultancies.

Organization and historical path

Although BioData.pt is the Portuguese Infrastructure of Biological Data and the Portuguese Node of the ESFRI
Landmark ELIXIR (a pan-European research infrastructure for life science data, Ref. 3), it relies on fixed-term project
funds to operate. A historical note of BioData.pt and the Portuguese Node of ELIXIR is depicted in Figure 1.

Since 2017, the development and early operation of BioData.pt have been funded through a €2.7M project grant to last for
four years, to lay the foundation of this RI. The “Building BioData.pt” project involved 11 beneficiaries and 81 partic-
ipants, many of which providing in-kind expertise on computing, bioinformatics and data management to a range of end-
users, as well as building and operating the infrastructure itself. Of the project budget, 33% was used to hire human
resources and 57% to purchase equipment, mostly computing resources to assemble the nationally distributed computing

2012 - Portuguese ELIXIR Node submission
2014 - Portugal joins ELIXIR

2017 - BioData.pt project

2010 - 1st proposal of a

Portuguese ELIXIR Node 2021 - BioData.pt Association

2018 - ELIXIR PT and BioData.pt fusion

2011 - Portuguese bioinformatics 2016 - Foundation of the Portuguese
woody plants platform in the scope of Node of ELIXIR
ELIXIR

2013 - Creation of BioData.pt and Foundation of ELIXIR

Figure 1. Historical path of the Portuguese Node of ELIXIR. In 2010, a Portuguese researcher from IGC (Instituto
Gulbenkian de Ciéncia) at the European Bioinformatics Institute was challenged to participate in the onset of ELIXIR
and create the Portuguese Node of this, yet to be, research infrastructure. In 2011, a first step was done, by creating
the Portuguese bioinformatics woody plants platform followed by the creation of BioData.pt - Portuguese Biological
Data Network, to operate the Portuguese Node of ELIXIR (ELIXIR PT), in 2013. In the same year, the ELIXIR, an
intergovernmental organisation bringing together life science resources from across Europe, namely, databases,
software tools, training materials, cloud storage and supercomputers, was founded. In 2014, the Foundation for
Science and Technology, on behalf of the Portuguese Government, signed the ELIXIR Consortium Agreement, by
which Portugal adhered to ELIXIR and, in 2016, a collaboration agreement between INESC-ID (Instituto de Engen-
haria de Sistemas e Computadores, Investigacdo e Desenvolvimento) and ELIXIR was signed, creating the Portu-
guese Node of this pan-European infrastructure. The merger between BioData.pt and ELIXIR PT was formalized in
2018 and, very recently, already in 2021, the BioData.pt Association was founded as the legal entity of this RI.
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Table 1. Working groups (WG) of the “Building BioData.pt” project, which was instrumental to the creation
and early operation of the BioData.pt infrastructure.

Research Support to Research Communities Industry Engagement
Communities

WGT - Plants WG6 - Common Infrastructure WGS8 - Industry & Entrepreneurship
WG2 - Marine Resources ~ WG7 - Training

WGS3 - Systems biology WGS3 - Systems biology

WG4 - Neurosciences WG10 - Project Management & Dissemination

WGS - Yeastract

infrastructure. The remainder was used in the adaptation of buildings to host the computing infrastructure or to deliver
training. “Building BioData.pt” was structured as shown in Table 1.

Methods

Based on the simplified RI-PATHS approach, which classifies indicator types in activity (concrete activities to be carried
out within the scope of the project, visible to the public and under full control of the organization), outcome (short-term
direct results of each activity, not under direct control of the organization) and impact (transformative effects of the
activity on its target audience and beyond, in the mid to long term),” a “BioData.pt Monitoring and Evaluation Matrix”
(B-MEM) (Figure 2, Ref. 5) and supporting guidelines were developed to facilitate the onset of evaluation processes, by
the BioData.pt infrastructure. This simple and participatory approach allowed project managers to view and document,
for the first time, the 10 working groups (or work packages) (Table 1) of “Building BioData.pt” in terms of activities,
outcomes and impact, and align these with the overarching objectives of the project. In a second stage, the existing
“Building BioData.pt” indicators, which had been maintained during the four years of grant execution, were categorized
as activity, outcome and impact indicators, and assigned to the most relevant RI-PATHS impact area.

Each existing “Building BioData.pt” indicator, which could be quantitative or qualitative by nature, was documented and
cross-checked against those compiled by the RI-PATHS project, and the OECD and ESFRI frameworks.

Human
Resources

Economic
and
Innovation

Satial ro—
Societal Y Impac

Policy

alning

Figure 2. BioData.pt Monitoring and Evaluation Matrix. This matrix, internally developed during the BioData.pt
project, was used to understand and document project working groups in terms of activities, outcomes and impact.
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Finally, the “Building BioData.pt” indicators were assessed against several sets of strategic objectives relevant to research
infrastructures and their work: those of BioData.pt (as an organization), those of the current ELIXIR Scientific
Programme,’ those of the Portuguese National Roadmap of Research Infrastructures,” those of EOSC® and, finally,
those of the United Nations Sustainable Development Goals.” This was done to gain insights into the relevance of
BioData.pt in these broader contexts.

A visualization method was used to better document the relevance of the retrieved indicators, considering the national
context, and the global environment of BioData.pt mission. A stacked column chart was generated entirely using the
Rstudio software version 2021.09.0.351 and ggplor2 version 3.3.5,'" specifically using the ggplot() function, due to the
complexity of the graphic. The fct_reorder() function of forcats version 0.5.1 was used to reorder indicators according to
their relevance, in decreasing order.

Implementation and impact analysis

The first step was the description of the “Building BioData.pt” project working groups, in terms of activities, outcomes
and impact, and their alignment with its two overarching objectives, using the BioData.pt Impact Assessment Matrix
(B-MEM) and the respective guidelines. Working groups (WG) 1 to 5 were dedicated to domain specific activities
which, overall, aimed to build the BioData.pt Research Communities, and their expected outcomes were data curation,
integration and availability for domain-specific areas with impact in enhancing the quality of scientific research by
promoting the FAIR principles. The global activity of WGs 6, 7, 9 and 10 was to set up the Support to Research
Communities, having three outcome/impact lines: 1) a fully available computational infrastructure for data analysis/
better and more extensive computing resources; 2) promotion of capacity-building in bioinformatics and research data
management in the national research community/improved research efficiency & effectiveness and human capital; and
3) overall management of RI and operation of the Portuguese Node of ELIXIR/strengthened RI long-term sustainability.
Both “Research Communities” and “Support to Research Communities” were developed under the objective “Strength-
ening research, technological development and innovation”. The second objective “Enhancing research knowledge
transfer from academy to industry” was served by the activity Industry & Entrepreneurship, developed by WGS,
delivering promotion of knowledge transfer to industry to bring an added value to companies’ data and an industrial
ecosystem of companies aware/beneficiary of bioinformatics and research data management as outcome and impact,
respectively.

Yet with the help of the B-MEM, the “Building BioData.pt” project and Infrastructure reports were mined for indicators
that would relate to those compiled by the ESFRI, OECD and RI-PATHS frameworks. Table 2 shows one example of this
implementation, performed for the activity “Research Communities”, in relation to RI-PATHS. In detail, for this activity,
we were able to find indicators of two types, activity and outcome, distinctly distributed by three of four impact areas,
Human Resources, Economic and Innovation and Societal/Social. For each type of indicator identified, the indicator
itself, the evidence for confirmation and method for description is listed. For instance, under the objective “Strengthening
research, technological development and innovation”, in the activity “Research Communities”, the activity indicator
Number of publications is identified by direct evidence (e.g., from Web of Science) and the method for collecting
evidence is counting the number of publications. The full dataset of BioData.pt project indicators classified following the
RI-PATHS approach can be accessed.'’

This exercise was repeated using the impact assessment frameworks of ESFRI and OECD. These approaches cover more
explicitly the so-called scientific impact, of which some indicators, like Number of publications and Number of Citations,
are also covered in the Human Resources area of the RI-PATHS approach.

A summary of RI-PATHS’ indicator types produced by “Building BioData.pt” (Table 3) shows that the different
activities of the project, “Research Communities”, “Support to Research Communities” and “Industry and
Entrepreneurship”, encompassing its 10 working groups had impact in all four RI-PATHS areas, namely, Human
Resources, Economic and Innovation, Social/Societal and Policy, the working groups that provide “Support to Research
Communities” having the broader socio-economic impact.

The indicators of “Building BioData.pt” identified in the ESFRI list corroborated the previous finding that the activities
with broader impact were those dedicated to the “Support of Research Communities” (Table 4). The detailed information
for this exercise is available for consultation.'" In addition, “Building BioData.pt” generated indicators for all ESFRI’s
areas and covered all indicators except number 14 (number of publicly available data sets used externally).

The analysis of “Building BioData.pt” indicators using the OECD framework (Table 5) also corroborated the broad
impact of the project, by retrieving indicators for all impact areas. In this case, the scientific impact produced by the

Page 5 of 16


http://www.rstudio.com/
https://ggplot2.tidyverse.org

F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

S9|ge3IUN0de IJIAISS YIM Uosier]
1odaJ [eusa1x]

sal4031sodal/s1aselep paleys 03Ul paj S}NSaJ Ydieasay
Ainnoy

Bununo)

1»aJ1g

suonediignd Joj suonel)

aWo02INQ

punoj Jojedipul oN
uondnpag

leyiod g@ %2040 JO Sdishels

ejep uado jo asn

awodINQ

Bununo)

PaJ1a

padojanap suopnedidde buiandwod jo JaquinN
Aoy

pununo)

aig

suopnedijgnd jo JaquinN

Aoy

so|dipuid ¥1v4 bunowoud Ag yaaeasad di4auaids jo Aljenb ayy eoueyul

seaJe diypads-uiewop Joj Aljige|ieae pue uonelbaiul ‘uonelnd exeq

(S '€ ‘2 'LOM) SaIIUNWIWIOD YdJeasay

uoneaouu; pue juswdojansp [ea1bojouydal ‘yaseasal buiuayibusns ‘10

(YoJeasau aAISUalUl BYep ddUBRYUS 03 }saJojoibe pue aulew ‘ABojouydalolq ‘Yyieay) saduaids
9J1| JO p|al} aY3 03 Juswabeuew elep pue soiewJojulolq ‘buindwod sburig 1eys ain1dnaiselyul yaaeasad e sy id-exegolg

poyIaiN

3JUSPINg
Jojedipug
Jo3edipul jo adAL
poyIai

JU3PIA]
Jojed’ipug
Jo3edipui jo adAL
PoYIaN
JUIPIAT
Jolesipug
Jo3edipui jo adAL
poyIaN

ERNIET Ve
Jojed’ipug
Jo03edipui jo adAL

fa104

[e331205/]e120S

uoljeAouU] pue JIWou0d]

$324n0S3y uewnH
edwy

awoInQ

Aoy
uoIssIN/saAIR[qO

:uondidsaqg

Page 6 of 16

eieq [ed1bojoig Jo ainydnuisedju] asanbniiod - 3d-eleqgolg :309foud

"1DRJISEIA - GDM ‘S2UBIIS0INDN - FOM ‘AB0J0Ig SWDISAS - EDAN ‘S2DIN0SAY dULIBIA — ZOM ‘Siueld
- | (dnoJg Bupdop) DM "UOIIIB|0D J03RDIPUI 104 PASN POYIBIA PUB 92USPIAT 9Y3 Jo uondiidsap Jayuny bulinbal pue “yoedwy 4o awo02InQ ‘AlARdY Ul sadAy Joledipul buiuswbas
sny1 ‘yoeoadde SH1Vd-TY @Y1 SMO||0} INTIN-G “Saiunwiwio) y240asay Anande ,1d-eyeqgoig buipjing,, 1o} ‘WIIN-G 2Y3 Y3IM pa3ddjjod erep Atewrid jo sjdwex3 “z ajqel




F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

eiep Iy Jo uonediddesasn

\( e/u e/u ybnouys suieb Aouaidiyye s1eiodiod I
\( e/u e/u ABojouydal 1y ue buisn swiiq e}
¥ 9pISIN0 S|00]
N A e/U  /SIUSWINJISUI/SISSEIRP 3|qISSaIIe Jo axerdn )
N e/u e/u AJasnpui Yyaim suoneloqe||od Jo JaquinN v
sal1031sodal
N e/u A /S19selep paJeys 0lul pa) SHNSaJ Ydueasay v
padojanap uoneAouul
e/u e/u \« suonedjdde buindwod jo JaquinN v pue Jjwouod3
e/u A e/u 1SYH Jo 1usawanoadwy I
e/u A e/u Ayjoey bujuieuy se abnsaad paseasou] I
e/u e/u N suonedljgnd Joj suoneln 0
e/u N e/u pauiesy 3|doad jo uoipdeisies 0
sawwelboud Buiuiesy
e/u A e/u uonesnpa Jaybiy wusl-buo| Jo JaquinN v
salnydnJiseljul Yyoaeasas panoldui
e/u A e/u ul Bujiom siaydieasal Jo JaquinN v
(syuedipiued “au)
e/u A e/u 1M Aq paziuebio sjuans Jo JaquunN v sanInosay
e/u e/u N suonedignd jo JaquinN v uewnH
(89M) (oL'6°2£°99M)  (S'P '€ ‘T 'LOM) adfy eaJe pedwy
diysanauaudaiuz saIUNWIWo) s IUNWIWOo) Jojedipug
3 Aiasnpug y24easay 03 310ddns y21easay sdnoap bunjiop 333foad 3d-e3eqgolg

Ansnpui 03 Awapede wouy
13jsueuy abpajmouy| ydsaeasas bupueyus

uoneaouul pue 3usawdojanap
|ea1bojouydal ‘youeasas buiuayibuais

saARI3[qo ainydnsiseayut 3d-ezegolg

Page 7 of 16

‘uoneulwassIq g Juswabeue|y 133foid - 0LOM pue 1oddns sonewojuiolg - 69 ‘diysinauaidaiiug xg Aisnpul - 8OM ‘Bulules)
- /DM ‘2JN1DNIISEILUT UOWIWIOD) - 9HAA “DIBIISEIA — GDM ‘S9UBIIS0INBN - FOM ‘AB0J0Ig SWDISAS - EDM ‘S924N0S3Y SULIBIA - ZDM ‘Siue|d - | (dnouo Bupjiop) D 91qedijdde zou
- /U ‘punoy Axoud 1o Jojedipul - 3d1] “pedwi - owodINo -O ‘AlADe -y ‘seade 3oedwi pue siojedipul 323foad SH1Vd-TY @Y1 Ul punoy siojedipul . ad-eyegolg buipjing,, 'c a|qel




F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

e/u
e/u

e/u

e/u
e/u

e/u
e/u
e/u

e/u

e/u

\/

(89M)
diysinauaidasyug
3 Aiasnpug

Aansnpui 03 Awapede wouy
19jsueuy abpajmouy| yaieasas bunpueyu3

e/u
e/u

e/u

e/u

e/u

e/u

\/

e/u

e

e e

e/u

\/ e/u
\/ e/u

(0L ‘6 ‘L '99M) (S 'V '€ ‘T 'LOM)
saiuUNWwWo) sauUNWIWo)
y24easay 03 3oddns y24easay

uopeAouul pue juswdojaAap
|ea1bojouydal ‘yaieasal buiuayybuails

suolsiPap buipuny ul ssbueyd ajqeioN
9DUBIDS U ISNJ} Se3dU]
sjuesb buipuny Jo 31ed Ss931NS

Ad110d 211gnd jo 1oddns
Ul spadxa pue saseqgelep JO UOISINOId

S9313ILWIWIOD Ul Ty JO 92UasSaid

e|noLINd
JlWapede pue sjooyds Ui s1do3 Jo uoisnjdul

eyep uado jo asn
SJ3SN JIIUSIDS JO UONIBYSIIeS
SJISN JIJ1IUSIDS JO JBGUINN

e|paw
[BID0S UO SI9MO[|0) pUE 33ISGIM UO SIOYSIA

SaljAe
yoeaJino ui pabebus pue payoeal sjdoad

sdnoap bunjiop 333foad 3d-ereqgoig

saA323(gqo a4njdnaiseayur 1ad-eyeqgolg

<

< O O —~

<

v

adfy
Jojedipur

foijod

|e3a1705/]e170s

eaJe Jpedwy

panunuo) "¢ ajqeL

Page 8 of 16



F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

e/u e/u A 3|gejleA. spewl S924N0SaJ JO JUIXT ‘L2 Juswabeuew
e/u \« e/u SSNUBARY ‘0T buisiwndo
S91J3UN0d
e/u N e/u [¥4S3-UOU WO} Iy SY3 JO SI9qUISW JO JaqUINN ‘61
e/u N e/u S93UleJ] [PUOIIRUIRIU] ‘8| uonesado-0s
Anunod Jagquisw |euoizeuayul
e/u e/u N [¥4S3-uou Jad suonedignd pue sJasn Jo aJeys '/ | Buneljney
e/u A e/u suonedljgnd paie|as Adijod ul suoneld ‘9| BADe
e/u A e/u saniAnoe palejas Adijod ui sty Ag uonedidnied S| J1413U312S JO UOISINOAd
e/u N B/U  BIPSW |RIDOS PUB (M UMO S,IY 9Y1 BIA Yde24INO €1
e/u N e/u elpaw ybnoJyy yoeaino ‘zi
N N A 10e3U0 12341p Ag pansiyde Juswabebus - 21qnd ay3z 03 yseasng
921AJ9S Joy buihed sannus jo Jaquinu
e/u N e/u 33 pue SI1IAIDE [BIDJ3WIWOD WO SWO0dUL 0]
Aasnpur yum suopedignd saiADe
N e/u e/u pue Aisnpul Yam pajeidosse siasn Jo aleys ‘6 J1wou023 bunelijne,
Ajunod Jaquisw
d d :
e/u e/u N 144S3 4ad suonediignd pue siasn Jo aJieys ‘g adoin3
S91J3UN0) uj uopyeioqge|jod
e/u N e/u T¥4S3 WoJ TY 9Y3 JO SISQUIBIA JO JOqUWINN £ Bupueyuy
e/u \« \/ JJe1s 1Y 10U aJe oym ajdoad jo buluies] ‘9 T O
e/u N e/u ¥ 3y3 buisn syuspnis @yd pue dSIA Jo JaquInN 'S uonesnpa jo AiaAlda
e/u e/u \/ suonedijgnd paid (%01) dol jo abejuadiad v
e/u e/u A suonedijgnd jo Jaquwinp ‘€
e/u N A PaAJSS SJ3SN JO JaqWINN *Z 23Ua|[29%0
e/u N e/u SS920P 404 S3SanbaJd Jasn Jo Jsquinp ‘| 21313U312s BulAlIydY
(89M) (0L ‘6 'L '99M) (S ‘v '€ ‘2 'LO9M) ea.e 1edwy
diysinauaidasyuz sapuUNWwWo) saiuUNWwWo)
1 Aisnpulr  youeasay o3 yioddns yd4easay sdnoap Bupjiop 3123load 3d-e3eqoig

Aasnpui 03 Awapede wouy

uoizeaouul pue yuawdojaAsp

Page 9 of 16

J9jsues abpajmoud| ysseasas bupueyu3 |eaibojouydal ‘yaieasas buiuayibuasis saAnRI3[qQ a4n1dnaisesyu; 3d-ezeqoig

‘uopeuIwassIq g Juawabeue|p 193[oud - 0LOM pue 1oddns sonewdojulolg - 6OM ‘diysinauasdasiul
g Asnpul - §OM ‘Bululel] - /DM ‘D4N1dNIISeIJU UOWWOD) - 9DAN ‘10BIISEIA — GO ‘S30UBIDSOINBN - OM ‘AD0J0Ig SWBISAS — EDMA ‘S924N0S3Y BULIBIA — ZOM ‘Siue|d -
| (dnouo Buisiiopn) DM 91gediidde 1ou - e/u ipunoy Axoad 1o Joledipul - 3d1] ‘seaJde 3oedwi] pue siojedipul o 3si| [44S3 3Y3 ul punoy ,1d-eieqgoig buipjing,, Jo sioyedipul ‘v 3|qeL




F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

e/u e/u N abesn e1eq - 671
\/ e/u e/u burieys eieq - £zl
sisuped
e/u e/u e/u |elasnpul yum sidafoad aaiesoge|od - 9z1
sJauyled |eLisnpul
N e/u e/u |euoibal yum s1dafoud annesoqe||od - z1
Aiasnpul pue Ty usamiaq
\/ e/u e/u sy29(oud Jusawdojanap Abojouydal juiof - Lz1
N e/u N Asnpui [euoneu yum uoneioqe|jod - 9|1 el
\( \« \/ sjueldb jeuoneN - 11 |eaibojouyday
e/u \« \/ ssauuado e1eqQ - £1S
e/u e/u \/ eyep uado jo uondnpoud pue asn - ZLS
S91ISISAIUN
e/u A JeuoibaJ yum patoyine-od siaded - | LS
Aunwwod oynuaIds
e/u N N 3U31 UO TY Y3 JO S1948 Bulndnias - 0LS
e/u e/u \/ (21413UD12S) 9OUB||9IXS UOIILI0gR||0] - 6S
e/u N e/u 92UuD||92%a 129f0ud JasN - 85
e/u N e/u uonoeysnes Jasn - /S
e/u N N S13SN J1J13UBIIS 4O JBQUINN - 95
e/u \« e/u pajueub sydafoid Jo Jaquinp - ¢S
sjeuanol J03oey
e/u e/u \/ 1pedwi-ybiH ul suonedignd jo JaqwinN - €S
e/u e/u N SuoneIId Jo JBqWINN - ZS
e/u e/u N suonedlignd Jo Jaquwinp - LS Pedwi oynuans
(89M) (0L ‘6 ‘L '99M) (S ‘v '€ ‘T'LOM) eaJe 1pedwy
diysinauaidasyug sapuUNWIWo) s iuUNWwWo)
3 Aisnpug yd.4easay 03 Joddns yd4easay sdnoap Bupjiop 323foad 3d-e3eqgolg
Aasnpuj 03 Awapede wouy uonzeAouul pue JuawdojaA3p
J3jsuesy abpajmouy| ysaeasas bupueyuy |eaibojouyay ‘yaieasas buiuayybuais SaA3I3[qO 34n3dna3seayuy 3d-ezeqgolg

‘uoneulwassIq g Juawabeue|y 123foad - 0LOM pue 1oddns soiewsoulolg - 69M ‘diysinauaidaiiug
» Ansnpui - gD ‘Bululel] - /DA ‘2INIDNIISEILUT UOWIWOD) - 9DAN “IIRIISEIA - GDAA ‘S2IUBIDSOINSN - POM ‘ADOJ0Iq SWBISAS - EDA ‘S92IN0S3Y SULIBIA - ZDM ‘Siue|d
- | (dnouo buppiopn) DM “a1gedijdde 1ou - eyu ‘punoy Axoud Jo Joledipul - 3211 “seade 3oedwi pue sio3edipul Jo 3si] D30 3Y3 ul punoj siojedipui ,id-eyegoig buipjing,, 's ajgel

Page 10 of 16



F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

e/u
e/u

e/u

e/u

N

e/u
e/u
e/u
e/u
e/u

e/u

e/u

(89M)
diysanauaudanug
3 Aisnpug

Aasnpui 03 Awapede wouy
19jsueay abpajmouy| yaieasas bupueyus

e/u

e/u

e/u

e/u

\/

e/u
e/u
e/u

\/

e/u

e,

ST e e T e e

e/u

\z e/u

(0L ‘6 ‘L ‘99M) (S 'y ‘€ ‘T'LOM)
salIuUNWWo) sapIuUNWWo)
yd4easay 03 yoddns yoieasay

uopeaouul pue yuawdojaAap
|eaibojouyral ‘ysieasas buiuaybuaiis

d11gnd 03 ssauadQ - #S0O

Bbuiieys abpamouy - €50

(s49sn pue d1qnd) 14 ay3 jo Ayejndod - 2SO
ssauaJeme d1|qnd - 05O

saiijod dygnd
40 10ddns uj S924N0SaJ JO UOPRINPOU] - /HO

SSI1IAIDR YDB3JIN0 pue [euoileanps - SpH

sjuspnis
[9A3] ybiy Joj sswweaboud buluied] - pyH

uonNQLIISIP pUe paules SJUSPNIS - EvH
(Jeuoibau) sayenpesb jo Jaquinn - OyH
Bujuien Joy e3ep ay3 Jo 3sn - 6EH
UOoIdeJSIIeS SIUAPNIS paulel] - 8EH
saakojdwa Jo Jaquwinp - 9€3

ity
a1 UIYIM JU3jeAINba B [NJ JO JAQUINN - bET

sdnoup Bupjiop 393lo4d 3d-ereqoig

saAndalqo aandnaisesyu] 3d-eyegolg

pedwi
|e313120S pue |e1dos

3edwi uonneosnpy
pue bujuiea]

pedwi Jjwouod3

eaJe pedwy

panupuo) s 3jgel

Page 11 of 16



F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

SILNUNOD ] S -UOU WOAJ [ A1 JO SIQWIAW JO 12qUINN - 7]
SOLNUNOD [YSH WOI) [Y A1 JO SIDQUIA JO 1quIny - 7

sowweagord Sutuen uoneanpd 1y Sy uud-Suo] Jo quny -y
SAUMONNSRIJUT (DIRISIT PIACIAWT UL TUINIOM SIN[IRISAT JO DQUINY - Y

SUOISIDAP Tuipuny ut saTURYD JGRION - ¥
(pruoidan) sapnprad Jo saquinN - O
| Anunos saquiaw 1S F-uou 1xi suonearqnd pue s1asn jo amyg -
. Anunod saquiaw [:4S3 Jod suonearqnd pu s1asn jo amys - 3
mpaw yInonp yprannQ - J
221A105 10J Furdud SANNUD JO IIGUINU U PUE SIHPATINE [FIDIAWLWOD WOLJ WO - 7
saafojdwd Jo dquiny - O

DIUIIDS UL IS DSR2 - Y

RINOLLND JIWAPRIE P s[0oyds ut sa1dol Jo uoisnpuy - y

saauIRn [RUOnTWAUY -
F RIDAW 21205 PUR Q2A UMO ST} U1 RIA (PRANNQ / RIPAW [RIDOS UO SIIMO[|O] PUBR JISGIM U0 SIONSTA -5 /
eep 1y Jo uoneanddr

st yEnoay Kouadrongga aqeaodio) -y

1Y S unpia udprainba awn ng Jo 1xquiny - O
SINUANY -

$$2001 10 s15anbar 150 Jo 1dquny - 7

suoneaIqnd 10J SUOHRILY / SUONTID JO JdqUInN - ¥/ O
LSAUH Jo wawaaoxdwy - y

anisiaatun jruorfaryia paroypne-0d sixdeg - O

sprwmol soprey 1edw-ydigg ur suoneargnd jo aquiny - O

sl jruoneN - O

suonmgnd paud (2,01) dor Jo 28mudndg - 7
SOAMIULIOD UT [Y JO DU - Y

sanmn

2 Yoranno Ut padedus pun payorar odod - Y
Junnen 10y vep oy Jo s - O
PAAIIS SI128N JO IXQWINN -
mep wado jo s -y
F mep uado jo uonanpord pur aspy - O
SSAUMA DIQN - O
suonudtqnd pawjar Ks110d ur suonmi) - 3
13 PISINO S[OO1SIUDWINNSUYSIdSTP HqIssa0de Jo aymdp) -

siud Furpung Jo 21w $$000g8 - Y

il SIISN JNUADS JO uondRSImS - Y

S-d

S2UONSKA21/SI2STIRP PAIRS 01T PO SINSAT YIRS - Y

Aonod snqnd jo woddns ur suadxo pue sasequiep Jo UOISIAOL] - Y
14 Aq poziued1o SHudAd Jo 1aquiny - Y

padoppasp suonearidde Sunndwios jo saquiny - y

paunen a(doad jo uonow

Indicator

B sovoep [l cuxir [l sosc

jure 3. Relevance of “Building BioData.pt” indicators identified in ESFRI (E), OECD (O) and RI-PATHS (R) impact assessment frameworks. Arbitrary units (AU). Dashed line - cutoff point.

P ANSnpur s suoneoqe[[o Jo Jaquiny - Y

Aoy Jutuieay se o3nusaxd paseaidu -

I ASojowoa py ue Swisn suug - ¥
SIISN NUAIS Jo 13qUINN - ¥ / O
suoneotgnd Jo saquiny - y /

I llﬂ!lhl!_]\‘[ll?!\' JD\'“] -0
U Poxd waload 1350 - O
SIapnIs (a2 Y3 a0y sawwadoad Sunmer], - O

F UOIPEISNES SWUpNS pauel ], - O

UOHNQUISIP PUR PaUn SWUapm§ - O
AMUNWWOD d1JNUAIS AN UO [Y A1 JO $193])2 Surmpnng - O
P saorjod orpqnd jo uoddns ur sa21n0sa1 Jo UoNdINPoL - O
(s1sn pue o11qnd) 1y 2 Jo Lumindoq - O
arqnd o ssouudg - 0
pawd siofoud jo saquinN - O
FuLnys apapnouy - O
P Ansnpur pue 1y uadamaq s1ofoad wawdojaaap ASojowmpdar wiof - O
SAWATIR YRAINO PUE [RUOTIINP - O
F afusnewq- O
r Fuueys vieg - O
ssauwado v - O
staupnd [eLnsnpur puoiian yua spaford sanmoqe|e) - O
staupud [pasnpur s

paford aaneioqe(o) - O

Ansnput [ruoneu i uonoqe(ie) - O

i (21JNUAIS) DU[[2OXD UONRIOQR[[0D - O

1318 1y 10u 2w oy adoad jo Swuea g, - g

I Ansnpur i suoneatjqnd pue ANSnput yiia pAIRIdOSSE 1950 JO vy - 7
sanianae pawar £srjod ut spy Aq uonednmy - g

1Y 21 Suisn SiuapMIs (Jud pur 5 Jo Jquuny - 7

JYGRIAR PR $IIINOS JO WU

PO PP G PP WUWDT

P = vy

~ v o

(*(1''V) 29UBAd2I J0JRIIPU

Page 12 of 16



F1000Research 2022, 11(ELIXIR):278 Last updated: 04 MAR 2022

activities of “Research Communities” assumes particular relevance. Nonetheless, as for the previous frameworks, the
activities related to “Support to Research Communities” have a wider impact. The full dataset of this analysis can be
consulted."’

The indicators generated by “Industry and Entrepreneurship” activities could find matches or proxies in the lists of the
three impact assessment approaches, with greater emphasis, as expected, in the Economic and Innovation impact areas,
enriching the project with a translational dimension.

Overall, this analysis showed that the activities carried out to accomplish the “Building BioData.pt” overarching
objectives of “Strengthening research, technological development and innovation” and “Enhancing research knowledge
transfer from academy to industry” covered the broad range of impact areas foreseen for European Research Infrastruc-
tures. This not only puts this RI of the National Roadmap aligned with sibling international counterparts, but also
suggests that BioData.pt is well aligned with ELIXIR, bringing to the national scientific system the state-of-the-art topics
of computing, bioinformatics and data management, addressed by this ESFRI Landmark.

Finally, the relevance of the retrieved indicators was ascertained, considering the national context and the global
environment of the BioData.pt mission. Arbitrary units (A.U.) were attributed to the alignment of each indicator with
the objectives/goals of the BioData.pt (4.5 A.U.), ELIXIR (2 A.U.), National Roadmap of Research Infrastructures
(2 A.U.), EOSC (1 A.U.) and the Sustainable Development Goals - SDG (0.5 A.U.). A cutoff was established at 6.5 A.U.,
a score that could only be reached if an indicator matched BioData.pt goals and, at least, those of ELIXIR or the National
Roadmap of Research Infrastructures, to which BioData.pt is bound by a formal relationship. Alignment with EOSC and
SDG was sought to assess the chosen indicators in agreement with the main European trends in open science and the goals
for global development, respectively (Figure 3). The full dataset of this analysis can be consulted.'”

Discussion

Of the 102 indicators compiled as potentially relevant to RIs by the RI-PATHS project, 25 indicators were monitored
during “Building BioData.pt”, scattered in all impact areas, suggesting the broad socio-economic impact of BioData.pt.
RI-PATHS also proposes a set of pathways that should be taken into consideration when assessing the socio-economic
impact of specific project activities. For instance, pathways 5 - Learning and training by using Rl facilities and services,
9 - Provision of specifically curated/edited data, and 11 - Creating and shaping scientific networks and communities
could be applied in the monitoring the impact of BioData.pt training activities (e.g., “Ready for BioData Management?”),
the CorkOak DB portal'* and the consolidation of our Communities and Platforms, in a multidisciplinary network to
identify gaps in computing data management and bioinformatics for the life sciences and build solutions. In these cases,
around 50% alignment with the primary indicators of each referred pathway was observed, while only 25% alignment
was detected when all BioData.pt project indicators were compared with the overall indicators list. These findings
emphasize the need to adjust global performance and impact indicators to the particular context of a national project (e.g.,
with a wide scope that covered simultaneously Enabling Science, Problem-Solving, and Science and Society, in the
case of the establishment of a national RI) or to a particular activity with a narrower scope (e.g., a training program,
a community, a data portal).

Of the 21 indicators compiled by the ESFRI framework, 20 were monitored by “Building BioData.pt”. The missing
indicator, Number of publicly available data sets used externally, relates to the optimisation of data use and is a relevant
indicator for a R like BioData.pt. Although BioData.pt has publicly available datasets (e.g., Pheno and CorkOakDB'%), it
does not currently maintain indicators to demonstrate how these are being used externally. This difficulty also intricates
with the fact that there is still a long way to go in the formal acknowledgement of RI services by its users, which is harder
when the goods provided are intangible and sometimes provided by third parties. In the future, this topic should be
addressed by putting in place a tracking system.

Finally, out of the 58 indicators compiled by the OECD framework, 32 were monitored by “Building BioData.pt”,
18 belonging to Scientific Impact and Training and Education, emphasizing the importance of these areas into BioData.pt.

The three frameworks considered in this study were comprehensive enough to accommodate all indicators maintained
during “Building BioData.pt”, in spite of the fact that these were tailored according, for instance, to its specific national
context, mission and role as a national node of a European RI.'* In addition, considering absent indicators may also prove
useful to bring our attention to untracked activities that are relevant to the mission of a RI.

The vast majority of the ESFRI, OECD and RI-PATHS indicators identified in Building BioData.pt surpassed the
6.5 A.U. in our scoring exercise, indicating that, this project was well aligned with current thinking around the performance
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and impact of RIs. This also reflects the natural integration of BioData.pt in the European and Portuguese research
landscape. Furthermore, alignment with the EOSC goals was also very frequently observed underlining the commitment of
BioData.pt with the best practices of FAIR data management and open science. It was interesting to observe the overlap
between BioData.pt and SDG objectives, suggesting that national RIs, as likely their European counterparts, can give a
valuable contribution to global sustainable development, and are thus a public good. Below the cutoff, three indicators
contributing to the strategic objectives of the BioData.pt infrastructure were identified that did not align with the priorities
of ELIXIR or the National RoadMap of Research Infrastructures. These were the number of employees and the income
[from commercial activities and the number of entities paying for service. Although these indicators are not directly related
to the mission of BioData.pt, they may assume a very relevant role for its long-term sustainability and thus, perhaps both
the National Roadmap for Research Infrastructures and ELIXIR would like to consider this information when revising their
priorities.

Final remarks

The monitoring of RIs performance and impact through indicators can be powerful in strategic management not only for
continuous monitoring but also to inform future steps at the level of funders, optimization of processes and visibility by
users and citizens.'”'® Although highly qualified consultants are available to provide such service, national Rls are
typically underfunded, and thus cannot support the cost. It is thus critical to establish simple and participatory methods to
be implemented by the RI staff with oversight from the management team.

From this study, it is clear that the approaches developed by ESFRI, OECD and RI-PATHS are very useful and adaptable
to the national context. It is also clear that special attention should be given to the national and thematic context of the
activities under assessment.

Overall, there is a strong alignment of “Building BioData.pt” with the mission of a research infrastructure as foreseen by
ESFRI. The major flaw recognised under this study, respecting the difficulty to control external use and acknowledge-
ment of RI assets, such us datasets, may need a collective solution to be addressed in the future.

This exercise was done backwards to provide lessons for the future, where ex ante the areas where impact aims to be
achieved, the different types indicators for each activity to be collected, as well as the methods for capturing should be
documented.

In this scope, the methodology used to assess the relevance of the indicators maintained during “Building BioData.pt”
(Figure 3) can be useful to adapt the selection of indicators to a specific context, taking into account the mission and goals
of the RI, and also those of national and international organizations and global initiatives composing the landscape where
the RI develops its work and aims to have impact. To successfully assess performance and impact of RlIs it is also very
important to set up processes where the staff should be involved already from the planning stage, such as the BioData.pt
monitoring and evaluation matrix (Figure 2).

Data availability

Underlying data

Zenodo: Mapping Building BioData.pt Indicators against the performance and impact assessment frameworks for
research infrastructures of OECD, ESFRI and RI-PATHS project, https://doi.org/10.5281/zenodo.5828310."

Zenodo: Relevance of “Building BioData.pt” indicators identified in ESFRI (E), OECD (O) and RI-PATHS (R) impact
assessment frameworks, https://doi.org/10.5281/zenodo.5828295."2

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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