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ABSTRACT

This article describes and analyzes the collalzerdgsign of a citizen science research projemiighrco-creation. Three
groups of secondary school students and a tearienfists conceived three experiments on human betendosocial capital
in urban and public spaces. The study goal is doesd how interdisciplinary work and attentiorotdas concerns and needs,
as well as the collective construction of reseguieltions, can be integrated into scientific relsehe 95 students pattpating
in the project answered a survey to evaluate fegizeption about the dynamics and tools used iedkeeation process of
each experiment, and the five scientists respondadémi-structured interview. The results from thigesuand interviews
demonstrate how citizen science can achieve a eatentZ modality beyond the usual scontributorydigarawhich usually
only involves the public or amateurs in data calestages. This type of more collaborative scigasemade possible byeth
adaptation of materials and facilitation mechanignsglhas the promotion of key aspects in reseaothas trust, creaify
and transparency. The results also point to thsilpiéiy of adopting similar co-design strategieth@r contexts of scitfic
collaboration and collaborative knowledge generatio

RESUMEN

Este articulo describe y analiza el disefio col@mde un proyecto de investigacion de ciencidadiana a través de la cre-
acion. Tres grupos de estudiantes de centros deaedhn secundaria y un equipo de cientificos idedeoforma participada
tres experimentos sobre comportamiento humano y caital en espacios publicos y urbanos. El obggivestudio es abor-
dar como pueden integrarse en una investigacidtificiarel trabajo interdisciplinar y la atencipreacupaciones y neceattes
sociales, asi como la construccion colectiva dargesgde investigacion. Los 95 estudiantes pantiegoan el proyecto m@sn-
dieron una encuesta para evaluar su percepcior $abidinamicas y herramientas utilizadas en elsprdeeco-creacion de
cada experimento, y los cinco cientificos respomdéeuma entrevista semi-estructurada. Los resutfadas encuestas ytest
vistas demuestran cdmo la ciencia ciudadana pueateatauna modalidad «co-creada» mas alla del paraukgpita@al «con-
tributivo», el cual Unicamente suele implicar alignibl amateurs en la recopilacion de datos. Estalidadale ciencia mas
colaborativa con la ciudadania fue posible gradeaadecuacion de materiales y mecanismos dedagiliasi como al fomt®
de aspectos clave en una investigacion como puedéa confianza, la creatividad y la transparehog.resultados apuntan
también hacia la posibilidad de adoptar estrateigidares de co-disefio en otros contextos de cotabormentifica y gens-
cion colaborativa de conocimiento.
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1. The study goal and aim of the analysis

Citizen science represents a participatory reseaocle! that involves the public in scientific prsjéctvin,
1995; Hand, 2010; Gura, 2013), usually in data caltecfCohn, 2008) and, in some cases, in the colleictige
pretation of results (Delfanti, 2016). In the lasadeccitizen science has received greater atteaiiacknow-
ledgement in the academic literature (Follet & Streig), in its development mainly in the natural aqpee-
mental sciences (Ferran-Ferrer, 2015), and it hasftraned investigative methods applied in these (id@

& al., 2014). The normal citizen science model consigellaboration between scientists and samateutiipa
pants as mere scontributory systemsZ (Wiggins & Crowa8d5). Nevertheless, there is a growing number of
cases involving greater collaboration on the panegopulation at various stages of an invastig&hirk & al.,
2012; Delfanti, @16), as also occurs in other collective knowledgegtion processes that adopt an open
and innovative pepective (Yafez-Figueroa & al., 2016). Follet and 6%é2015) define citizen science projects
according to the type of voluntary participation:

€ Contributory projects: participants take part ta dathering, analyze the data at certain poiti iproject
and help disseminate the results.

€ Collaborative projects: as well as the above, #incipants analyze samples and, on occasionsjdmtms
the study, interpret data, draw conclusions oedigsate the results.

€ Co-created projects: the participants collabora#dlistages of the project, including the dedmiof the
quedgions, development of hypotheses, discussion dsrasul response to further questions that migfet. ari

Authors such as Bonney and others (2009a) poinetoehd to go beyond the contributory model of aitize
science and involve the volunteer in the desigogsof the research in ways that are more deliberand
accessible. However, compared to the academic literand resources generated around the contributory
and collaborative modalities of citizen sciencigriorm of guides (Tweddle & al., 2012) or materialféwi-
litation of this process (Bonney & al., 2009b), theoeiigently very little detailed information on the metsms
used for the deliberate design of a co-created nubdtizen science.

Apart from some pioneering experiences in technotiicigrarticipation, such as Public Lab (Wylie & al.,
2014), conceptual frameworks for public involvemestiantific research (Shirk & al., 2012) and methodsog
based on logical models for citizen participation(Mikellogg Foundation, 2004), as opposed to otheraated
knowledge-generation settings (Manzini & Coad, 2(1d5ptare few practical resources available tatédeithe
co-designing of research process; the exceptiobaas uartography experiences (Mindell & al., 2017).

This study analyzes how co-design can contributeetadea that science can be made in collaboraditn
society. In our study, co-design is defined fromnalerstanding of the co-created modality of citizense as
eparticipatory scienceZ or scivic scienceZ (Wylial.&2014), which encourages the appropriation dh libe
means that make it possible, and the knowledge getes a result of a collective investigation. disoach
connects with methodological and pragmatic challenggsvelop a sco-production frameworkZ or elanguge
co-productionZ in research, following the formuiatiof Jasanoff (2004), and what she terms the epgaatimiy
turnZ in scientific studies (2003).

With this in mind, this study analyzes the co-dgsigoess in three collective experiments of citiziemee
directed by a team of scientists with experience-fadlitating and analysing similar experimenteipuhlic
space (Sagarra & al., 2016) using collaborative amtitmgtory modalities (Perell6 & al., 2017). The csisgly,
whose sequence is described in detail in the #@odion of this article, is based on an importamtegutual
difference in design thinking between sco-creationZggheric process of collective creativity) and *stgd2 (a
set of specific participatory design techniques)atter being a specific feature within the broadecreation
setting (Sanders & Stappers, 2008).

Our analysis addresses the following researchigugst

€ Can co-creation contribute to a more collabordtven of citizen science?

€ How can science integrate social needs and cosderits design and communication dynamics?

€ How can interdisciplinary work be coordinatecctmstruct knowledge collaboratively?

€ How has knowledge been developed in this citizeiance co-creation experience?

2. Methodology of the study
The case under analysis is part of the STEMForY ¢stém4youth.eu) initiative, an European project of the
Horizon 2020 programme that aims to encourage youogl@éo study science and technology at the uitivers
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Co-creation experiences were organized to desigertiicience experiments with three groups of teené@@r
in total) attending secondary schools in the Bar@aeloea (Spain) that covered a range of socio-demagraph
contexts.

To ensure that the research project was truly gpetiory and co-creative, the participants werelhied at the
start, from the design phase of the investigatiomcd-design process of the experiments, basedeonfansaterials
from a toolkit developed for the task, includeecidile agreement on the definition of the subjedeméte aims
of the research and the research questions, amdtkeenethods and logistics required to carry euigtd work.

This article evaluates this co-created design mifake investigation, for which a survey and wgers were
used to address the research questions posed stutie These two methods were chosen for the exfdora
nature of our study in this relatively novel frant&web citizen science, following the example of odlderances in
this field (Bela & al., 2016). The key aspects cal/bsethe questionnaire and interviews derive fraevew of
the literature on citizen science (Shirk & al., 2@®) on co-design processes (Sanders & Stappers, 2808),
shown in Table 1.

Table 1. Research questions and key concepts in citizen science and co-design

Citizen Co-design Survey
. science (Sanders & . Discussed in
Research questions Key related concepts (Shirk & al., Stappers, c:‘l:le:‘:;:: e las
2012) 2008)
Motivation X X Q11 X
Can co-creation contribute to a more |Generation of options
) e : - X Q8 X
collaborative form of citizen science? |(divergence)
Quality of results X Q5 X
How can science integrate social Involvement X Q1 X
needs and concerns in its design and I
communication dynamics? Trust and credibility X Q6 X
How can interdisciplinary work be Coherent sequencing X X Q7 X
coordlnatgd to construct knowledge Facilitation roles X Q4 X
collaboratively?
How has knowledge been developed Qua_llt_y of pqrt|0|pat|on X Q10 X
S . . Decision taking
in this citizen science co-creation X Q9 X
experience? (convergence)
P ) Power relations X Q3 X

2.1. Survey ti participating students

Following the co-design sessions for each of the titizen science projects, an anonymous onliegi@unaire
was sent to all the students who took part (a usevef 95 individuals aged 13 to 17 with an equatigemix, of
whom 79 responded to all the questions (81.4%).

2.2. Interviews with the team of scientifics

Five semi-structured interviews were carried out @it the members of the research team, to suppostthe
vey data with an analysis of their perceptionseninteraction that took place during the co-dgsigeess. A con-
tent analysis of the interviews was made basedeocatiegories presented in Table 1.

The researchers interviewed were: MC, the main redearcmale, aged 42; RS, researcher and project
manager, female, 41; AC, researcher in training, fer@ajeAF, tesearcher in training, male, 24; CP, rebearc
and designer, female, 32

Cadification was done by two other researchers: ohe Wwad conducted the interviews (in this case, also
acting as a facilitator of the co-design sessantsjpnother one who had not participated in therinéws or in
the co-design process. Later, each category wasl testreliability to check the level of agreemetwéen the
two codifiers. In this study, the overall religh(0t86) was higher than the indices recommended ppédrdorff
(1990) and greater than the 0.80 (alpha) that enabliesasd fundamental conclusions to be drawn beyoace
speculation.

3. Description of the cp-design process
A «design thinkingZ dynamic was used to achieveieated research design, in which interactionesemps
between the different groups of participants weseetbped. The only premise for initiating the sessias to
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describe a previous example of a citizen science imgr@rin a public space, as well as to focus the new
experment on an aspect of human behaviour.

A series of sessions took place in the three sagoschool settings, with some slight variationadaqations
between each, which dealt with the co-designingefach experiment in four stages: (a) the problem to be
addressed, (b) research questions, (c) conceptuahmiagd (d) planning the tasks for executing the expérimen
(Table 2). There were 12 sessions in total, eaclniggtetween one and two hours.

A toolkit was developed for use in the majorithefkinowledge-generation dynamics. This key métesda
tested in preliminary versions and discussiongdtsiase by the research team, to get a balangedretisability
and rigor, with the aim of producing a useful csigie toolkit for the collective generation of kadgé within a
citizen science framework.

During the four stages, the use of the toolkiguaked by the research team acting as co-facgitédaronnect

concepts and clarify doubts, while
/ the main facilitator provided a

. . . . . framework for the work in
Co-creation, adopting visual material and participatory order to achieve some informal

design techniques that allow the generation and selection off Yet specific ways to generate
) ] ) ) ) and present visual information,
ideas that provide quality results for a science that is more in accordance with participa-

.. C . tory design practices (Kensin
open to citizens, and which is more collaborative. In & éombgrg,plggg)' ( ’

particular, co-creation is perceived as a fundamental factor The aim of each session
was to perform a divergence

In participantse motivation and commitment, a key aspect Iin and convergence sequence
" . . (Brown & Katz, 2011). That

Citizen science pI’OjeCtS. is, to generate ideas and §ibs

lities in a participatory way (a

sequence of divergence: nor-
mally done by formingub-groups)
and a later coming-together to select options (cgemee sequence): through idea-sharing andidaeiaking
mechanisms.

€ Stage A: Identifying the collective problem to beeaded. Initially, to stimulate the use of a rangkilsf
within each working subgroup (formed of 6-8 participp it was proposed that the students select gebiad
idertify a role they wished to adopt from a set of iiya®r roles and profiles. Later, the students weited to
brainstorm types of problems for which an experimetituoman behaviour could generate evidence of requirin
actions to be takefior the improvement of a neighbourhood or city. Theameters used to reach a consensus
within each group-class were concepts like thé#itiZ of the experiment, the ssocial impactZ akthéts or the
motivationZ necessary to carry it out. Studentse opiniere posted on the walls and compared using thermo-
meters.

€ Stage B: Generation of research questions. Faotiseeation of specific research questions, eduireup
used a template on which they could stick Posttisliag them to complete at least three questiohsttréed:
What would happen iff? What is the relation betweertf?owf? In this cooperative way, they completed pre-
defined syntagms that, in modular form, containeditfegent research question options: descriptivepecative
and relational (Onwuegbuzie & Leech, 2006). Later, a nmaraéconvergence based on discussion and thd visua
selection of the best options helped to filtentbst relevant research questions for the groupvbsle.

€ Stage C: Conceptual diagram of the experiment. The tordesign stage took the research questions
seleted by each group to a more exploratory and crelgwet, linking a sequence of concepts around therexp
ment like action flows through a chronogram. Thisathio followed the premise that the investigationlghm
designed collectively from its initial steps torertee commitment and alignment of all those involathgB &
al., 2006). The participants chose icons from a wategye of images that reflected the key aspectpaitatial
experiment: research methods; logistics; key conceptsiables; participants; and other elements to wisuali
These +dense diagramsZ reopened debate and corieerahbut viability and motivation, and helped @& th
selection of an experiment co-design from among tieusafinalistsZ.
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€ Stage D: Task planning and logistics. Based dimétheelection of objectives and sequences (ocaiedeio
perceptions of public space and infrastructurkercity, another to gender and discrimination, atiird expe-
riment concept centered on inequality and immigrgtieech session aimed to move on from the co-design
paradigm to preliminary planning. Here the partid¢gpdealt with the logistics and tasks requireddoute each
experiment, in this way ensuring scientific rigogatkiering data and obtaining relevant resultdlftreaagents
involved. In this instance, the toolkit provideatfase divided into columns like a basic *kanbéte, tahich made
tasks that might have gone unnoticed both agilexatidit (Hines & al., 2004).

Each column focused on a category of tasks derivedlifie icons used in the prototype selected, ictwihie
participants brainstormed ideas that they considgaprbpriate for an experiment (the performance of fyhic
following the earlier participatory stages are se&able 2, took place in various public spaces).

4. Results

We present the main results of the study based@sttident survey and interviews with the team efssts.
These results link the research questions to éuedtical fundamentals and key concepts of citizence and co-
design (Table 1) following the co-design sequendieirfour stages previously described (Table 2).

4.1. Can co-creation contribute to a more collaborative form of citizen science?

The researchers were convinced that student paaticin in the design of the experiment was vital fram
first moment. In the interviews, they were critic i role of the expert in citizen science (RS, MC) apdes-
sed a desire sto make science truly participatoryZ ThBy were initially concerned about whether tibjsct
chosen by the participants would belong to a geitlinvhich they, as researchers, were sufficiexgherienced
(RS).

Before beginning the co-design process, the résesséntention to boost the participation of o#iwgors in
the design of the investigation had given riseubts: drawing up research questions in collabertshion (RS)
could be a more complex process than letting theradsa do it themselves (RS, LD); the complexity of not
knowing how a co-creation experience could evolvkard (LD); the casuistry of the schools and the piiqmsa
which could at times make managing the activity manpleg (MC, LD). However, after various co-design stages
had been completed, there was a consensus thatitlaéexpectations had been more than satisfied (RMCP,
and that motivation was considerably higher whemdimeexpert was involved from the beginning (AF, LDg Th
high level of motivation and commitment achieved throagcreation is also reflected in the responsteof9
participants to the survey (Figure 1, question Qdrig, clearly connects with the scientistse assessisigcit as
the «engagement of the citizens with citizen sciprajects is key for ensuring the success andhsinlity of the
projectsZ (RS).
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The contribution to the research of the visual nigtar the co-design toolkit was also analyzed.iaterial
was adapted to the needs of each phase of disou@did, CP), and fulfilled the main objective to provide
common language (LD) that reflected ideas that wotdd ie selected (AF, RS). The material was considered
essential by 49% of the student participant inedeing the experiments, and 35% thought it was neidoa
enabling the acquisition of new knowledge; 15% fatgdite useful and 0% thought it was of no use)(Q8

In terms of the quality of the results, the intervémnstated that the investigation had been denzedré&F,

CP) and it yielded perspectives that had not beesidered before (RS), including unforeseen circumstatioes:
students took a critical stance on many occasions,them | expectedZ (LD). The participants expressesd sati
faction with the scope of the definition of the ekpent design (Figure 1, question Q5), and declaratittie
experience had been enriching, while also emphas{zomgpared to other forms of research design) the
challenge to maintain this spirit of co-creatiortrandparency alive in the following collaborativases of pruction,
exectdion and analysis o
results (RS, LD, MC).

Despite discrepancie
regarding the extent of defi
nition in some of the fina
conceptual maps (CP, AF)
or on the level of detalil in
the tasks to be undertake
that were identified collecti;
vely (MC), the interviews
reveal that the co-designin
done with the students pro
duced themes, researc
questions and experimer
preparation that were use
ful (LD) and, in some caseg
contained a level of deta
that was unexpected (RS).

Figure 1. Motivation to execute the experiment and satisfaction with the experimentiesign.

4.2. How can science integrate social needs and concerns in its design and communicatitandgs?

The interviews with the research group shdattthe collaborative nietd described helped integrate the par-
ticipantse local concerns into the investigationLlRS;P). For example, RSated that sthe design process arose
when the themes were decided and a genuine concererged; the camection with local problems has been
very clearZ.

In the survey, most students agreed that they hadade to get involved by expressing their pergpaoiats
of view (Figure 2, question Q1). The interviews alsgeal that the level of involvement, when dealiityp w
a subject close to their concerns and interesteased student commitment to carrying out the expér{R8n
LD, AF). The students acknowledged the usefulneisedbolkit in discussing and contrasting thereros (RS,
CP), and how the result of the dynamics establishddlitmit the subjects of the experiments swas closleled
to the way in which the participants perceive sgaead the problems of their surroundingsZ (CP).

The generation of an environment of credibility endual confidence was considered essential foratieus
stages of co-creation (CP, MC), since the dynamizingt agel the scientists could have been perceived as
intruders in the classroom, which could have dingdishotivation and contributions. The survey showégle
2, question Q6) that the majority of students hadroblem in freely expressing their opinions andafayv felt
insecure.

4.3. How can interdisciplinary work be coordinated to construct knowledge collabdvaty?

Various interviewees considered that interdisaipliwork and the collaborative production of knalgkecan
be facilitated thanks to this type of co-desigoheean take a step back from their individual diiseipnd establish
peer-to-peer dialoguesZ (RS), *many people with difféimmpoints have generated knowledge togethenriay
one single disciplinary fieldZ (LD). In addition, reiéoieas was highly rated by the researcherseaitérsession
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(RS, LD, CP), in which preli-

minary results were put in
order, and they could try to

predict the outcome of the

next ones, thereby bringing
coherence. The impression
that the different phases of
the co-design process were
conneced as an ordered

sequence was confirmed by
the majority of participants
(Figure 3, question Q7).

It is also important to note
that the team of scientists defin
ed themselves as session co-
facilitators exercising a support
role to clear up doubts (LD, AF,
CP), urblockig discussions that
occurred in specific groups (RS) or making initialnegiems to help students contextualize the inaistigMC). It
is also relevant that the students did not appeeig difference in the influencetbé figure of the main dynamizing
agent and that of the co-facilitators of the rebegiroup (Figure 3, question Q4). This understandisgunder-
lines the interdisciplinary question and the impoet@f combining scientific knowledge and speeifiitétion
skills for co-creation.

The research team mainly agreed that these co-argatihniques can be transferred to any scientijeqt
design (RS, LD) and can help to channel scientificsgiscu(AF); however, most recognize the need for some
experience and competence in conducting the co-oredyinamics in citizen science. ¢In the end, igjigestion
of finding a balance between democratizing sciendéfge experience of the scientistsZ (AF), and thetis of
interdisciplinary work, the researchers did ntattdish a knowledge hierarchy over the studentsZ (LD).

Figure 2. Studentse perception of their integration in the co-design process.

4.4. How has knowledge been developed in this citizen science co-creation experignce

The collaborative development of knowledge was basethe crucial participation of the students. RS
describes the process as a design svalidated Ipattieipants themselvesZ. In the relation betweeretim
of scientists and the students, the former dedtibexperience as an adaptive process (RS, CP) tighlis h
flexible(LD) and eminently cyclical: swhen you begin the sessjomi realize that is not such a good idea to be s
linear; and if you allow
them a certain amount o
freedom and open up
options, then new things
can be introduced at the las
minute. Allowing for some
room for manoeuver is ¢
good ideaZ (MC).

Regarding the materials
the scientific team conside
ed that the combination o
toolkit activities and thei
facilitation egenerated debat
and dialogue by integiag
diversity through co-desigr
gathering different opinion
and introducing them int
the discussion and moments Figure 3. Valuation of the sequencing and facilitating in the sessions.
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of reflectionZ (CP). This observation connects wighréisult in the survey for the question relatedeauality of
the participation: a clear majority of students dgtfest the process allowed them moments for discuasibn
debate (Figure 4, question Q10).

Despite the fact that some interviewees referrgdet@omplexity of carrying out collective decisionsod
managing this requirement within the time limits df eassion, which were perceived as very intense (RS, M
AF), involvement with the co-facilitation dynamicstaedassociated toolkit materials meant that the pndicess
was more open (RS); another
achievement was a evisualizatig
of difficult conceptsZ (LD) and
in general terms, the necessg
adaptation of the materials an
mechanisms in order for dec
sions to be takenAF, CP),
which again was aclowledged
in the survey (Figure 4, questio
Q9).

With the team of scientistg
agreeing that the following sta
ges of the investigation require
further processing of the co
design results (RS, MC, LD
another key aspect to emphasi
is the recognition that the design
of the experiment, as was-in
tended, faithfully reflected the work performed by al plarticipants at all times, with no single inflagmevailing
at any time, with the team of scientists declinirglopt a position of power (LD, CP, AF). This percapticas
supported by the result in the survey (question@&hich 77% of those polled stated that the desfitime expe-
riment reflected the work carried out by all thetipi@ants in the work sessions with the team ofitisiig, against
23% who declared that the design was very mudleimfed by the team (and 0% who said the results ordye
the work of the scientific team). This connects r#turring question of the degree diuience exerted by the
experts during the sessions, about which CP statethd@mes discussed were not inficesh by the scientific
team, which is very positive as the students ceelgért of the process?Z.

Finally, another aspect that stands out was tha tdascientistse generalized perception that thiesign
tecmiques applied here could be transferred to otirend of citizen science (RS, MC, LD) and even to othestyp
of scientific research projects (RS, CP). In this dbes®-design of the experiments can be understcaubdiser
experiment in itself, in this case one of participatnd consensus generation (MC), and as a goodidmtexpe-
rience in the co-created model of citizen sciencelBSyhose results enable an exploration of even greatds
of participation in the collaborative design ohaastigation (CP).

Figure 4. Keys for the development of knowledge during the co-design.

5. Discussion and conclusions

By describing the process and analysing the refthits case study, we have tried to addressubstipn of
how collaboration in citizen science can be sthemgtd by co-created designs for investigationdattgto a wide
range of interests and joining social and saeoljectives (Bonney & al., 2014). We describe thehraasms
that enable clear and specific objectives to be forecach experiment, identifying various posgibiby iterative
design processes (Dickinson & al., 2012). For exam@ldescribe how the research questions can be fatedll
as a process driven by the participants themsaigt=ad of the usual top-down schema dictated bgxpert
scientist (Newman & al., 2012).

The data obtained from the research questions enshie draw the following conclusions:

€ Co-creation, adopting visual material and particigadesign techniques that allow the generatiah an
seletion of ideas provide quality results for a sciématas more open to citizens, and which is molelolative.
In particular, co-creation is perceived as a fundthéactor in participantse motivation and commitnaekey
aspect in citizen science projects.
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€ Citizen science can integrate social needs antkoosinto its design and communication dynami¢ghg a
start of the co-creation process, it can gendratadtorse trust in the process. Initiating the mischa for decision
taking preliminary to any investigation is valugdebyarticipants as an important aspect of suategsfration.

€ Good coordination of interdisciplinary work ispienportant for achieving good collaborative géioeraf
knowledge. In this context, coordination requireerait sequencing of the various co-design phasesich
scientific experts fully integrate their expertite wles of facilitation of group dynamics.

€ A key question is a good balance relations ofepaluring the entire process, ceding the initiatitbe
amateur participants in a structured way whilanitg the role of scientific expert, but as guidkraference point
at key moments, using as support mechanisms and ntlaéérgnerate reflection and debate.

The results suggest that the toolkit functionetlaged support of design techniques to integratéiviersity of
viewpoints and opinions in visual form (Brown & Wy2@15). As both the survey and interviews revaa, t
material also encourages interdisciplinarity am@ttannel co-creation onto a structured visualasrsomething
that, despite exceptions (Nagle & Sammon, 2016), carstiéim innovative contribution this study to tegdeof
research processes.

Among the limitations and the need for greater asalj/shis type of co-creation developed in thizeci
scienceexperience, it is important to mention complicatiossgrfrom time management in the development of
co-design by phases. A recurring comment in theieter was the complexity of managing each session mnpa
to traditional research design processes, inyartgatisfactorily combining the moments when ideageaerated
with collective decision taking. Also, certairciefcies were detected in some co-design sequenidag dnalysis
such as in the initial identification of roles éustquately applied when forming groups), or in tied fihases in
which the interface and protocol of the experimengsendefined in greater detail. Future researchahalyzes
similar co-creation dynamics in the design of tlestigation, whether in the citizen science envirohimeother
settings involving public participation in knowdedgould consider these aspects when planningetrelopment
of co-design activities.

As well as the key questions posed at the sthrisadtudy, the responses of the team of scialtistsuggest
that this type of co-design can be extrapolateddntfic and academic interdisciplinary settingsevtine general
public, the non-expert or so-called amateurs arentlfigen a terrain occupied by experts from varioldsfién
other words, the possibility of adopting similecreation dynamics for the design of research @ajegirofessional
teams with different scientific challenges.

Notes

11t is important to underline that the analysis cemterthe initial phase of the co-creation of thuitizen science experiments, before the
following phases of organization and subsequent executiathbfo the experiments, which also count on directestt involvement.

2 The version of the toolkit used is available fmisatiation online or use by third parties, to prentoe reproduction of the co-designing
processes @xperiments: https://goo.gl/xoU8vJ.

Funding agency

This study has received support from the Europeaiorida Horizon 2020 Reserach and Innovation Programnder gmant agreement
No. 710577 (StemForYouth), the Spaines State ResearcloyA@&EI-MINEICO), and the European Regional DevelopmentRE&EDER)

(FIS2016-78904-C3-2-P),from the Spanish Ministry of Seiemd Innovation project *OpenAccess to Science inngpiCS0201462830-P),

as well as from the Dimmons group, IN3/UOC.

References

Barnes, T.A., Pashby, I.R., & Gibbons, A.M. (2006). Mg collaborative R&D projects development of aipphotanagemenbal.
International Journal of Project Management, &}, 395-404. https://doi.org/10.1016/j.ijproman.2006.03.003

Bela, G., Peltola, T., Young, J. C., Balazs, B.jirp, Pataki, G., ... & Keune, H. (2016). Learning &meltransformative potential of citi-
zen scienceConservation Biology, 38), 990-999. https://doi.org/10.1111/cobi.12762

Bonney, R., Ballard, H., Jordan, R., McCallie, E.Jlipkj T., Shirk, J., & Wilderman, C.C. (2009aublic Participation in scientific re-
search: Defining the field and assessing its potential for informal science educa@@diSE Inquiry Group ReporOnline Submission.
(https://goo.gliwsZYQn)

Bonney, R., Cooper, C.B., Dickinson, J., Kelling, I8llj3, T., Rosenberg, K.V., & Shirk, J. (2009b). Qitigeience: a developing tool for
expanding science knowledge and scientific liteBao$cience, 54.1), 977-984. https://doi.org/10.1525/bi0.2009.59.11.9

Bonney, R., Shirk, J.L., Phillips, T.B., Wiggins,Bellard, H.L., Miller-Rushing, A.J., & Parrish, JX014). Next steps for citizen science.
Science, 34®178), 1436-1437. https://doi.org.10.1126/science.18815

Brown, T., & Katz, B. (2011). Change by desigournal of Product Innovation Management, (33, 381-383.

© ISSN: 1134-3478 € e-ISSN: 1988-3293 € Pages 29-38



&)
=
o
~
S
x
x
<
)
ISt
.2
c
S
=
S
O

https://doi.org.10.1111/j.1540-5885.2011.00806

Brown, T., & Wyatt, J. (2015). Design thinking forcsal innovationAnnual Review of Policy Design(33, 1-10. (https://goo.gl/1pgucj)
Cohn, J.P. (2008). Citizen science: Can volunteers doresaarchBioScience, 58), 192-197. https://doi.org/10.1641/B580303
Delfanti, A. (2016). Users and peers. From citizemseito P2P scienc€ell, 21 01. https://doi.org/10.1641/B580303

Dickinson, J.L., Shirk, J., Bonter, D., Bonney, RinCRiL., Martin, J., ... & Purcell, K. (2012). The cemt state of citizen science as a tool
for ecological research and public engagement.i€mimt Ecology and the Environment, 10(6), 291-29%.IRapadopoulos (BEd
Proceedings of the 9th International Conference KidS®assol, Cyprus, 6-8 Nov 2014, 446-451. https://doil6r007/978-3-319-27478-2
Ferran-Ferrer, N. (2015). Volunteer participatioreitizen science projectl Profesional de la Informacion, 28, 827-837.
https://doi.org/10.3145/epi.2015.nov.15

Follett, R., & Strezov, V. (2015). An analysis ofetitirience based research: Usage and publicati@nnsa®loS One, 1(11), e0143687.
https://doi.org/10.1371/journal.pone.0143687

Gura, T. (2013). Citizen science: Amateur expesture, 49§7444), 259-261. https://doi.org/10.1038/nj7444-259a

Hand, E. (2010). People poweNature, 466(7307), 685-687. https://doi.org/10.1038/466685a

Hines, P., Holweg, M., & Rich, N. (2004). Learning tookxe: A review of contemporary lean thinkimgednational Journal of Operations
& Production Management, 240), 994-1011. https://doi.org/10.1108/01443570410558049

Irwin, A. (1995).Citizen science: A study of people, expertise and sustainable develojumedon: Taylor & Francis.
https://doi.org/10.4324/9780203202395

Jasanoff, S. (2003). Technologies of humility: Citizatigipation in governing sciendéinerva, 413), 223-244.
https://doi.org/10.1023/A:1025557512320

Jasanoff, S. (Ed.). (20043tates of knowledge: The co-production of science and the social bodeion: Routledge. (https://goo.gl/xBNB3C)
Kellogg, W.K. (2004)Using logic models to bring together planning, evaluation, and action: Loglelrdevelopment guid&attle Creek,
Michigan: WK Kellogg Foundation. (https://goo.gl/pCRB52

Kensing, F., & Blomberg, J. (1998). Participatornygdesssues and concer@mputer Supported Cooperative Work (CSCW)374),
167-185. https://doi.org/10.1023/A:1008689307411

Krippendorff, K. (1990Metodologia de analisis de contenido: teoria y practiacelona: Planeta.

Manzini, E., & Coad, R. (2015pesign, when everybody designs: An introduction to design for social innov@diotbridge, MA: The

Mit Press (https://goo.gl/FRIV3B)

Mindell, J.S., Jones, P., Vaughan, L., Haklay, M.,d& S., Anciaes, P., & Dhanani, A. (205f)eet Mobility Project: Toolkit.
(https://goo.gllyxDuXk)

Nagle, T., & Sammon, D. (2016). The development of a esesearch Canvas for data practitiodersnal of Decision Systems,
25(supl), 369-380. https://doi.org/10.1080/12460125.2016.1187386

Newman, G., Wiggins, A., Crall, A., Graham, E., Newmah, & Crowston, K. (2012). The future of citizen scierfemerging
technologies and shifting paradigimentiers in Ecology and the Environment(&)0 298-304. https://doi.org/10.1890/110294
Onwuegbuzie, A.J., & Leech, N.L. (2006). Linking reseagclestions to mixed methods data analysis procedures Qualitative

Report, 1(B), 474-498. (https://goo.gl/dJZ7An)

Perell6, J., Ferran-Ferrer, N., Farré, S., & Bonlegur (2017). Secondary school rubrics for citizen siprgjects. In C. Heredotouand, E.
Scanlon, & M. Sharples, (EdLjifizen inquiry: Synthesising science and inquiry learriogdon: Taylor and Francis. [In press].

Sagarra Pascual, O. J., Gutiérrez-Roig, M., Bonhdy@,Perell6, J. (2016). Citizen Science Practice€famputational Social Science
Research: The Conceptualization of Pop-Up Experim&ntsitiers in Physics,(83), 1-14. https://doi.org/10.3389/fphy.2015.00093
Sanders, E. (2006). Design serving pedplenulus Working Paper£8-33. (https://goo.gl/JXgodm)

Sanders, E., & Stappers, P.J. (2008). Co-creation amaéhv landscapes of desi@@o-design, 41), 5-18.
http://doi.org/10.1080/15710880701875068

Shirk, J., Ballard, H., Wilderman, C., Phillips, T., Mgins, A., Jordan, R., ... & Bonney, R. (2012). Pylliticipation irscientific research:
A framework for deliberate desidtcology and Society, (7). https://doi.org/10.5751/ES-04705-170229

Tweddle, J.C., Robinson, L.D., Pocock, M.J.O., & Roy,BH (2012).Guide to citizen science: developing, implementing and evaluating
citizen science to study biodiversity and the environment in thelldidon: Natural History Museum and NERC Centre for Bggl &
Hydrology for UK-EOF. (https://goo.gl/9QSBHr)

Wiggins, A., & Crowston, K. (2015). Surveying the eitiscience landscageirst Monday, 2@1). https://doi.org/10.5210/fm.v20i1.5520
Wylie, S.A., Jalbert, K., Dosemagen, S., & Ratto, M1420Institutions for civic technoscience: How critisaking is traf@ming
environmental researchhe Information Society, 3@), 116-126. https://doi.org/10.1080/01972243.2014.875783

Yafiez-Figueroa, J.A., Ramirez-Montoya, M.S., & Ga&efglvo, F.J. (2016). Systematic mapping of the liter&8owmal innovation labora-
tories for the collaborative construction of kndgéefrom the perspective of open innovationPioceedings of the Fourth International
Conference on Technological Ecosystems for Enhancing Multicultu(pfity795-803). ACM. https://doi.org/10.1145/3012430.3012609

© ISSN: 1134-3478 € e-ISSN: 1988-3293 € Pages 29-38



