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Abstract

Positioning citizen science within the broader historical public engagement framework
demonstrates how it has the potential to effectively tackle research and innovation issues.
Citizen science approaches have their own challenges, which need to be considered in
order to achieve this aim and contribute to wider and deeper public engagement. However,
programme evaluations, which discuss lessons learned in engaging the public and other
stakeholders with science are rare. To address this gap, we present the H2020-funded
DITOs project and discuss the use of logic models in citizen science. We share the
project’s assumptions, design considerations for deeper engagement and its impact
pathways demonstrating how logic models can be utilised in citizen science to monitor
programme effectiveness and for their successful implementation. We hope that this work
will inspire citizen science practitioners to use similar tools and by doing so, share their
experiences and potential barriers. This knowledge is essential for improving the
way citizen science is currently practiced and its impacts to both science and
                                                                             
                                                                             
society.
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1     Introduction

Of the different elements of the Science with and for Society efforts of the EU Horizon 2020
research programme, Citizen science is recognized as one of the Responsible Research and
Innovation (RRI) methods. It is heralding a new era of public engagement with science,
which aims at creating a shared responsibility between science, policy and society. Citizen
science encompasses a wide range of activities from dedicating an hour a year to count
birds in your garden, to carrying out biological experiments in Do-It-Yourself
Biology. Participation in citizen science includes different levels of engagement
[Haklay, 2013], different types of projects [Shirk et al., 2012] and different levels
of technological use [Wiggins and Crowston, 2012]. We can look at this range
of activities and consider what makes people participate in different activities,
while also considering how we can assist them in identifying activities that suit
their needs, abilities and interests, and fit within their care, work, and communal
commitments. However, there are several unexplored questions such as: how do we
go about understanding the role of different actors and the processes they go
through in these journeys towards deeper engagement in science? How can we
ensure that we have a grounded set of assumptions about the transformations
that are required to make such journeys happen? Most importantly, how can we
ensure that in such large-scale programmes the expected impacts are indeed
achieved? Despite its several benefits, citizen science comes with some criticisms
and limitations. One of them is that programme evaluation, in the wider citizen
science context, is an area which received very little attention; there are only a
few examples which discuss their methodological approaches to evaluation,
together with lessons learned and reflections to eventually inform the future of the
field.

   In this paper we use the case of the EU-funded project Doing It Together Science
(DITOs) to make the following contributions. First, we position citizen science alongside
other modes of public engagement to explain how citizen science has the potential to
enable upstream engagement and tackle research and innovation issues. By doing so we
bring to the reader’s attention the necessity to better understand people’s journeys in their
engagements with science. Using our novel concept for the ‘DITOs’ escalator framework’,
we explain how activities can be designed to achieve wider and deeper public
engagement with science, which is a common aim across many citizen science
initiatives. Second, we discuss the need for evaluation mechanisms in citizen
science and we present the theory and practical implementation of a top-level
                                                                             
                                                                             
logic model. We use the DITOs logic model to provide insight into the design
considerations in implementing the escalator framework, the programme’s assumptions
and for demonstrating the impact pathways as an evaluation mechanism. By
doing so, we hope to inspire others to use similar tools to monitor and evaluate
citizen science initiatives, while sharing their lessons learned to subsequently
improve our understanding of designing and running more effective citizen science
programmes.


   
2     Engaging the public in science in the 21st century and the emergence of citizen
science

Science has been through some profound changes in the last 50 years, in the way
it is initiated and in terms of how it operates and is managed. First came the
legacy of Bush’s [1945] ‘Science-The Endless Frontier’ formulation of science-society
relationships until developments (e.g. controversial techno-scientific debates
around topics such as nuclear weapons and the political changes that led to the
commercialisation and industrialisation of scientific research) as well as incidents of
scientific fraud that caused public suspicion and led to new formation of these
relationships [Gregory and Lock, 2008; Jasanoff, 2003]. The post-war ‘social contract’
period [Jasanoff, 2003] is flooded with theories that attribute negative public
attitudes to a disinterest and lack of knowledge around scientific issues and which
therefore suggest that development of people’s understanding of scientific issues
will improve public attitudes and science policies and lead to economic growth
[Gregory and Lock, 2008; Royal Society, 1985]. Despite being popular at the time, the
public understanding of science (PUS) movement proved to be problematic in the
1990s.

   In the early 2000s a dialogic mode of cooperation and negotiation in science emerged,
aiming to understand and integrate public needs and values in scientific practice. The
main characteristic of the post-deficit era was the exercise of scientific citizenship through
citizens’ juries, consensus conferences, public meetings, science festivals, etc. [Bauer, 2009;
Gregory and Lock, 2008; Stilgoe, Lock and Wilsdon, 2014]. This led to a change from a
dominant model of science communication to that of public engagement with science and,
to a degree, in science policy. The same period saw a growing belief that public
engagement could be the antidote to broader pathologies in policymaking, beyond science
[Rowe and Frewer, 2005]. This model of engagement also came with its own
critiques about issues of representativeness and inclusiveness, similar to wider
debates on participatory democracy [Rowe and Frewer, 2005]; neglecting public
input in the actual decision and policymaking processes (which can increase
feelings of suspicion and distrust); restricting benefits and purpose to that of
socialisation of innovation and technology acceptance [Elam and Bertilsson, 2003];
and the use of evaluation approaches to public deliberation which are based on
constructs such as “literacy, attitudes, interests, and media attention” [Bauer, 2009,
p. 225].

   In 2010 a new term emerged in European policy and it is currently implemented in
                                                                             
                                                                             
national policies in the U.K., Netherlands and Norway, amongst other countries [Bauer,
Bogner and Fuchs, 2016; Owen, Macnaghten and Stilgoe, 2012]. Responsible research and
innovation (RRI) is described as a paradigm shift, a ‘new social contract’ that
sets the basis for “a shared responsibility between science, policy and society,
to ensure that science promotes socially beneficial action as well as freedom of
thought” [European Commission, 2009]. In a European context, RRI reflects on the
limitations of “managing ethically problematic areas of science and innovation”
[Owen, Macnaghten and Stilgoe, 2012, p. 752] and highlights the need for policy
programmes which build on truly upstream dialogue and emphasise ethical and socially
acceptable impacts. RRI pays special attention to the principles of inclusiveness in
participation, responsibility in the (co)creation of innovation, anticipation that reflection
brings to explore alternative pathways to innovation, and institutional reflexivity
[Bauer, Bogner and Fuchs, 2016; Owen, Macnaghten and Stilgoe, 2012]. The main
characteristic is that, while previous movements try to keep science independent
from the socio-political and economic landscape, RRI sees science and society
interacting in a way that they are simultaneously co-constructed [De Saille, 2015].
Fundamental to the RRI process are initiatives which enclose ideas, principles
and the means for reshaping science in ways that make it more transparent and
easily accessible for everyone. Although RRI is currently “one of the most visible,
influential and disputed governance approaches” [Bauer, Bogner and Fuchs,
2016, p. 56], it remains ill-defined in how it works in practice [Bauer, Bogner
and Fuchs, 2016]. While the terminology of RRI has diminished within current
high-level European Union discourse about science policy, with Open Science taking
its place [Gerber et al., 2020; Shelley-Egan, Gjefsen and Nydal, 2020], the RRI
discourse was central to the development of the logic model that we describe
here.

   One of the methodologies that attracted the attention of both researchers and science
policymakers is citizen science, which is proposed as an RRI tool to enable upstream
engagement and tackle research and innovation issues effectively [Bauer, Bogner and
Fuchs, 2016]. The White Paper on citizen science in Europe [Socientize, 2014] makes an
explicit reference to RRI and proposed citizen science as a method suitable for this
purpose.


   
2.1     Citizen science: opportunities, limitations and the use of logic models in
programme evaluation

Citizen science encompasses a collaboration and partnership between professional
scientists and volunteers in scientific activities, which may take different forms,
from data collection to comprehensive participation in problem identification,
methodology design, analysis and dissemination of findings. Within this context, citizen
science has the characteristics of upstream engagement which contributes to the
creation of shared responsibility amongst scientists, policy actors, and the lay
public.

   The literature is flooded with claims about its potential benefits. Perhaps the most
                                                                             
                                                                             
popular, with significant evidence to support it, is that citizen science enables the
collection of data at previously unattainable scales [Cooper, Shirk and Zuckerberg, 2014].
Citizen science further helps with harnessing collective intelligence [Liu and
Kobernus, 2017]. Ottinger [2010, p. 244] argues that citizen science “has the potential
to make environmental knowledge and policy more robust and democratic”
and other scholars add that it may influence science so that it becomes more
responsive to wider public concerns [Martin, 2006]. Moreover, citizen science may
“rebuild and rekindle some of the public trust lost in institutional science” [Carr,
2004, p. 847]. For the volunteers, participation can improve scientific literacy,
knowledge and scientific-reasoning skills [Jordan et al., 2011] and change their
attitudes to science and the environment [Brossard, Lewenstein and Bonney,
2005]. It may also improve a sense of community, the satisfaction of giving back
to the world, joy and fulfilment [Cooper, Shirk and Zuckerberg, 2014]. Studies
from the opposite spectrum emphasise concerns about citizen science: data and
data quality issues and dealing with ‘data patches’ [Bonney et al., 2014]; privacy,
security and ethical considerations in storing and sharing data [Liu and Kobernus,
2017]; cross-project facilitation and communication [Newman et al., 2012; Cooper,
Shirk and Zuckerberg, 2014]; and the lack of systematic evaluations to mention a
few.

   There is indeed a growing recognition that most citizen science programmes lack
systematic evaluations to demonstrate how impact is achieved (if at all) and within this
context logic models have been suggested as a way to fill that gap [Reed et al., 2018]. In a
‘how-to-evaluate’ citizen science guide, Phillips et al. [2014] mention the importance of
logic models and present an example. Wright [2011] explores the development of a
logic model for the second Southern African Bird ATLAS project, which includes
relationships amongst its various components. Chandler et al. [2017] describe a
meta-analysis of evaluation data from 51 Earthwatch programmes that ran over seven
years, focusing on production of literature from peer-reviewed publications to
management plans and policies. The meta-analysis was based on measures of
success (MoS) which, in turn, was based on a logic model approach. Their work
provides great insight into the effectiveness of this approach and the lessons
learned, but the actual logic model is not provided. Shirk and Bonney [2015] use a
logic model approach for the development of a theoretical framework of the
relationship between project design and its outcomes. Their example includes
substantial information about potential citizen science outcomes and impacts
which may apply in several contexts. Nevertheless, since this is not a practical
implementation of a particular project, there is no discussion of the assumptions
that may influence how the project is carried out and impact pathways are not
considered.

   Before we provide a deeper insight into the theoretical concepts that surround the logic
models implementation, we present our case study. Here we discuss the theoretical
concept of the ‘DITOs escalator framework’ which was used to design DITOs in a way that
achieves wider and deeper public engagement — a common aim across many several
citizen science initiatives.


                                                                             
                                                                             
   
3     Case study: Doing It Together Science

Doing It Together Science (DITOs) was a three-year H2020-funded coordination and
support action (CSA), running from 2016 to 2019. The project performed over 800 events
across Europe. The initial aim was to engage 290,000 people in person and 1.3m
online, but the final online and offline activities resulted in engaging with over
4 million, overperforming by 166% our initial expectations. The vision was to
develop and put into action frameworks, guidelines and practices to support
the establishment of an integrated pan-European practice and policy for citizen
science.

   DITOs was organised into four themes; ‘environmental sustainability (ES)’ and
‘biodesign (BD)’ which run in parallel, and which intersected with another set of parallel
themes, namely, ‘public engagement and capacity building’ and ‘policy engagement for
RRI’. BD focused on aspects of biotechnology and DIY Bio, while ES included citizen
science activities in ecology, biodiversity observations, and other environmental issues
(e.g. community-led air quality monitoring). BD and ES involved activities such as:
interactive travelling exhibitions, conferences and seminars, gaming competitions and
online engagement activities, science cafes and public screenings, and DIY and DIT
(Doing It Together) workshops. The ‘public engagement and capacity building’
theme, included: online activities, a travelling exhibition, conference, science cafes,
workshops and online outreach activities through videos, blogs and photos.
Finally, policy and RRI-related activities included European policy stakeholder
round-tables and good practices workshops, delegation visits and a pan-European
policy forum. DITOs paid special attention to the spectrum of citizen science
with few events classified as collaborative and co-created and the majority of its
activities covering methods that are commonly used to engage the public in
science.

   DITOs’ idea and plan aimed to address major challenges in the field of public
engagement and participation with science. Its core design concept is based on the ‘DITOs
escalator framework, shown in Figure 1. Here we position the various practices of citizen
science along a continuum with public engagement activities, which we then demonstrate
with some evidence from the United Kingdom. Our aim is not to provide absolute and
accurate numbers, but to gain a rough estimation of the scales of participation in different
levels of engagement.
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Figure 1: DITOs escalator framework for public engagement.

                                                                             
                                                                             
   



   Level 1 considers the whole population, about 65 million people. Because of the impact
of science across society, the vast majority, if not all, will have some exposure to science —
even if this is only in the form of medical encounters. Such encounters which are the result
of living in a world dominated by science and technology are not, by themselves, part of
engagement with science. However, the bare minimum of engagement is to passively
consume information about science through newspapers, websites, and TV and radio
programmes. We can gauge the number of people at this level from the BBC programmes
Blue Planet II and Planet Earth II, both focusing on natural history, with viewing
figures of around 14 million and 10 million, respectively [BBC, 2017; Jackson,
2016]. We can therefore estimate these ‘passive consumers’ at about 25% of the
population.

   The next level is active consumption of science — such as visits to the London
science museum (U.K. visitors in 2017 — about 1.3m), a natural history museum
(U.K. visitors in 2017 — about 2.1m), or attending events such as Pint of Science
(https://pintofscience.co.uk/) which attracted 24,000 people, so an estimation of 10%
participation of the population seems justified. Next follows active but limited
engagement in carrying out a scientific activity, hence taking part citizen science. Here, the
Royal Society for the Protection of Birds (RSPB)’s annual Big Garden Birdwatch requires
participants to dedicate a single hour in the year. The project attracted about 500,000
participants in 2017, With further estimated 170,000 people who carried out a single task
on Zooniverse. We can therefore estimate participation at this level at about 1% of the
population.

   At the fifth level are projects that require remote engagement, such as volunteer
thinking on the Zooniverse platform or volunteer computing on the IBM World
Community Grid (WCG), in which participants download software onto their computer to
allow processing to assist scientific research. The number of participants in WCG from the
U.K. in 2017 was about 18,000 [IBM, 2018], and in Zooniverse about 73,000 regular
volunteers in 2017 [Miller, 2018], thus estimating participation at 0.1% of the population.
The sixth level requires regular data collection, such as participation in the British
Trust of Ornithology Garden Birdwatch — about 6,500 active participants in 2017
[British Trust for Ornithology, 2018]  — while around 5,000 contributed to the
biodiversity recording system iRecord [Centre for Ecology and Hydrology, 2018]; it
is reasonable to estimate that participation is about 0.01% of the population.
The most engaged level includes DIY science participants, such as exploring
DIY Bio, or developing their own sensors. This require sustained engagement
and significant time investment. We can estimate this represents 0.001% of the
U.K. population.

   In summary, we can see that, as the level of engagement increases, the demands
required of participants increase and the number of participants drops by an order of
magnitude. Therefore, to enable a wider and deeper public engagement with science, as
the key aim in DITOs, we considered an escalator-like process to create awareness of the
various levels and assist people in moving up or down the engagement level. For example,
due to changes in care responsibilities or life stages, people can become less active for a
period of time and then choose to become more active later. The role of the events and
activities in the DITOs project was to provide opportunities for movement across the
escalator.
                                                                             
                                                                             

   Later in this paper we discuss how this was applied and the project’s impact pathways
to achieve this aim, using a logic model. In the next section we describe our logic model
methodology.
   
4     Theoretical overview and the DITOs logic model


   
4.1     Conceptual overview of logic models as evaluation tools

Funding agencies put continuous pressure on programme coordinators to provide them
with appropriate information that enables monitoring of a programme’s effectiveness and
its overall performance [Gugiu and Rodríguez-Campos, 2007]. Logic models provide
methodological tools to support this. Popular amongst programme managers and
evaluators, logic models were initially introduced in the 1980s to support the identification
of key activities and their outcomes and develop a programme theory to link those two
parts. Due to the existence of different theories in logic model implementation, Clapham
et al. [2017, p. 97] argue that “the purpose of a logic model is to articulate the
underlying assumptions about how the expected outcomes of a program will be
reached in the short, medium and long term”. Frequently, an intervention will have
multiple logic models, to correspond to different implementation levels [Rogers,
2014].

   Logic models are particularly important for social interventions and community-based
programmes as they create a basis to demonstrate logic, evidence and provide assurance
they have realistic and achievable goals. Kaplan and Garrett [2005] summarise
lessons learned from the use of logic models and their strengths in: identifying
missing links in the causal chain; uncover key unexamined assumptions and
mismatches in the priorities amongst key stakeholders; build consensus; and improve
team communication. The symbols and language used in logic models can be
problematic and development of programme assumptions — arguably the most
valuable aspect — is very frequently left incomplete. Despite a few decades of using
logic models, there is still ambiguity surrounding their implementation [Mayne,
2015].

   Amongst the most popular logic models in the literature are the three approaches of
the W.K. Kellogg Foundation [2004] logic models. First, the theory approach, explores
“What issues or problems does the program seek to address? What are the specific needs
of the target audience? What are the short- and long-term goals of the program?
What barriers or supports may impact the success of the program?” [Gugiu and
Rodríguez-Campos, 2007, p. 340]. Second, the activities approach, links activities in
a sequence across the whole programme implementation and is particularly
helpful for evaluation especially in detecting barriers and obstacles for achieving
programme impacts [Gugiu and Rodríguez-Campos, 2007]. Finally, the outcomes
                                                                             
                                                                             
approach, links inputs to activities to outcomes, which is useful for monitoring the
implementation of activities and their desired outcomes [Gugiu and Rodríguez-Campos,
2007].

   Logic models have the following components: Inputs (e.g. financial, staff, material and
immaterial resources); Activities (e.g. what will be produced with the resources,
including tools, events and processes); Outputs (e.g. reports); Short-term impacts
(i.e. within 1–3 years of project initiation); Medium-term impacts (i.e. within 3–5
years of project initiation); and Long-term impacts (i.e. 5+ years after project
initiation).


   
4.2     DITOs logic model

The construction of the DITOs logic model was an iterative process with input from all
project’s 11 partners. Several meetings and discussions were organized in the first year of
the programme for this purpose, where consortium partners were provided with post-it
notes and asked to write and stick on a white board their understandings of
what are the project’s inputs, activities, outputs and impacts. The data provided
was analysed and further processed by the paper’s authors in iterations, with
feedback provided by the consortium and the project’s evaluation team at various
stages.

   We use a theory approach to develop but also to present and discuss in the next section
a macro-level logic model for DITOs. Our logic model is a top-level model — with a ‘broad
and shallow pathway’ [Taplin et al., 2013] which we developed as a reflective tool for
articulating and communicating our assumptions, evaluating and subsequently
demonstrating the programme effectiveness in the impacts we aimed to achieve. For the
discussion we consider the various impact pathways, which we present at sufficient level
of detail without increasing complexity. In the analysis, when applicable, we also consider
‘reach and reaction’ of the target groups that we intended to engage and thus
those who ‘receive’ project goods and services; ‘capacity changes’ (short-term
outcomes of those involved); ‘behavioural changes’ (medium-term outcomes of
practice change); ‘direct benefits’ (medium-term outcomes as “improvements in the
state of individual beneficiaries”); ‘external influences’ (“events and conditions
unrelated to the intervention that could contribute to the realisation of the intended
results”); anticipated ‘unintended effects’ (“positive or — more usually — negative
unanticipated effects”); and assumptions which include rationale, reach, capacity change,
behaviour change, direct benefits and well-being change assumptions [Mayne,
2015].

   The DITOs logic model shown in Figure 2; it consists of inputs, activities, outputs and
outcomes. We included participants/beneficiaries — those who are impacted by the action
— as an additional component, which helps us structure and communicate our logic
model more efficiently.
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Figure 2: DITOs logic model.

                                                                             
                                                                             
   



   Inputs included financial resources (R1 in Figure 2 — DITOs’ 4m budget), of which a
significant amount translates to staff in the people category (R2), which includes
consortium partners, advisory boards, but also people outside the consortium who work
closely on project activities, as well as people from the European Commission which
monitored this project. Material resources (R3) included physical spaces for meetings and
activities (e.g. the Natural History Museum in Brussels); tools and equipment
(microscopes, phones or DIY kits); procedures, protocols, guidelines and other materials
(e.g. how-to guides, management plans) and infrastructure services (e.g. communication
software). The last category of intangible assets (R4) captures the knowledge, expertise,
experiences and credibility that were brought into the project by partners and
their networks. The overall design of the project focused on identifying activities
that are already happening by the partners (e.g. a museum exhibition) and then
providing additional resources and activities to open up the movement along the
escalator.

   Groups of DITOs activity beneficiaries included the public (Pub), science practitioners
(Sci), and policymakers (Pol). Public engagement with science activities aims to involve
people from all walks of life. Nevertheless, some people are harder to engage and many
projects (including DITOs) make extra effort to reach those who are usually excluded due
to their geographic location, gender, education and socioeconomic status. Science
practitioners include scientists, science communicators, citizen science practitioners,
designers and others involved in the planning and implementation of public engagement
with science activities. Finally, the last category includes policymakers at different levels,
including civil servants interacting with the project or using the outcomes, or involved in
funding decisions.

   The next component includes project activities, which activated the DITOs’ escalator.
In their most generic form, 11 main activity components were essential in producing the
desired outputs. First, the development of an outreach plan (A1) aimed to gather
information from project partners about previous activities and build on their experiences
(R4). Following these plans, events (A2-A5) were designed for the proposed
beneficiaries (Pub, Sci, Pol). Because of the need to pay special attention to hard-to-reach
audiences, they received dedicated activities (A3). Central to the project were planning
communication and dissemination activities (A6) and setting up the tools and
creating content (A7) (e.g. mailing lists, printed materials, project website). Like the
previous category, this one involved a high number of nested activities, which took
place at various parts of the project and produced substantial inputs for other
activities.

   The next activity was monitoring and evaluation of all events using both qualitative
and quantitative methods (A8). A specific set of activities focused entirely on the
development of DITOs innovation hubs: i.e. centres of excellence and a sustainable
network for capacity building in citizen science (A9). In terms of achieving a sustained
impact and because of the timescales of engagement, there is frequently a need to ensure
that capacity to carry out engagement continues over time which was the role of DITOs
innovation hubs. The penultimate category addressed the development and submission to
the funder of project deliverables (A10), (27 in DITOs, mostly reports). Finally, project
management and coordination (A11) included meetings, financial management and so
on.
                                                                             
                                                                             

   In our logic model we group outputs (and short-term, medium-term and long-term
impacts) according to the beneficiaries to which they are most relevant. For example, all
groups benefit from outputs such as reports, events, and communication and
dissemination tools and materials that target their specific interest. Although we discuss
pathways in more detail in the next section, it should be noted here that activities such as
the outreach plan (A1), running public events (A2, A3), the communication and
dissemination plan (A6), relevant content and tool creation (A7) which targeted members
of the public in general, deliverables that are open to the public (A10), and overall project
management (A11) all contributed to outputs that are beneficial for the public category
(i.e. O1, O2, O3).

   Because of its scale, DITOs outputs provide a good demonstration of the range of
possible outputs in a citizen science project. These included 20 public reports available
on UCL’s open access repository. Some are perhaps more beneficial to science
practitioners and policymakers (O10) (e.g. reports in sustainable support for citizen
science, evaluation terms of reference, templates). For policymakers, our policy
briefs and reports from delegation visits or round-table events were of highest
interest. Communication and dissemination channels, tools and materials were
produced from various activities and aimed at different target audiences with
different levels of interest in science and citizen science (O3, O6, O12); this included
translations of citizen science materials into multiple European languages; channels
such as #CitSciStories on Twitter where volunteer in citizen science activities
(citizen scientists) shared their citizen science stories; DIY science postcards for DIY
activities, and others. Outputs such as the design, planning and establishment of
DITOs innovation hubs (O7) and an increase in the number of European Citizen
Science Association (ECSA) memberships (O8) were more relevant to science
practitioners. This was also true for project tools and mechanisms such as mailing
lists, evaluation templates and the networks established through social media
(O9).

   The impacts of the project were set to short-term (during the lifetime of the project),
medium-term (up to 5 years), and long-term impacts (up to 10 years). Some of
them were set by the European Commission in the call text [see Göbel et al.,
2019] while others were developed by the partners and other stakeholders. In the
short term DITOs aimed to: improve the public’s awareness of science and RRI
(ST1) and participation (ST2) in science and citizen science; improve visibility of
science and citizen science (ST3) and increase people’s science knowledge and
scientific literacy (ST4); support the development of methods and tools for public
engagement (ST5); improve science practitioners’ knowledge and skills in terms of
engagement with members of the public (ST6) and; contribute to the establishment of a
pan-European centre of citizen science in the form of ECSA (ST7). On the policy side, the
project aimed to improve policymakers’ awareness of public engagement with
science and citizen science (ST8) and; provide policy support to guide agencies
to set up schemes that take into account different levels of engagement (ST9,
ST10).

   In the medium-term activities DITOs aimed to: enable the engagement of citizens in
shaping and conducting scientific research (MT1) and social and gender inclusiveness in
science (MT2); enhance scientific and civic literacy (MT3); enhance the capacity of local
science actors in public engagement in science (MT4) and; strengthen European
cooperation and support in citizen science (MT5). At the policy level, the project aimed to
                                                                             
                                                                             
increase the engagement of policymakers in shaping and conducting scientific research
(MT6) and help ensure citizen science gains the support of policymakers (MT7). The
long-term impacts are, again, unified across participation groups and include wider and
deeper public engagement in science (LT1), maximising European innovation (LT2) and
increasing societal input and external advice to research and innovation policies
(LT3).
   
5     Discussion

To understand impact pathways and explain the way the components of the logic model
work together towards materializing anticipated impacts, we need to start first with
DITOs assumptions. Although various assumptions may be detected at various
programme implementation levels, we focus here on assumptions that are common in
citizen science. For example, the goal of achieving ‘wider public engagement’ incorporates
strong assumptions about people’s inherent interests and motivations to engage with
science. We carried out specific activities that further targeted beneficiaries such as women
and girls and communities that are marginalised or without easy access to public
science activities. Although many governmental and research reports stress the
importance of engaging the ‘hard-to-reach’, existing practices show that most outreach
efforts tend to include volunteers who are predisposed to participate and they
already value science [Varner, 2014] so, while this can be true from level 2 or 3
of the escalator, special effort is required at the transition between levels 1 and
2.

   The second assumption is that all public engagement with science activities improves
science knowledge and scientific literacy and leads to positive attitudes towards
science [Brossard, Lewenstein and Bonney, 2005]. Here, there are calls for more
systematic evaluations and a need for further evidence to demonstrate this impact
[Reed et al., 2018]. The development of sustainable networks for innovation and
capacity building builds on the assumption that science practitioners and/or
policymakers have a genuine and shared interest in exchanging knowledge and practices
continuously, which might not always be the case [Powell and Colin, 2008]. Another
assumption is funding availability for public engagement and citizen science in the
short and long-term, which, considering the limited SwafS programme funding
under which DITOs was set (about 0.60% of the Horizon 2020 budget), might be
challenging.

   Next, we should be cautious about assuming that all citizen science is, by default,
positive [Stilgoe, 2016] or that policymakers will have the time and interest in
getting involved in public discussions about science. Last but not least, it should be
acknowledged that ‘impact occurs within a particular setting [Economic and
Social Research Council, 2009] and DITOs’ logic model merges several public
engagement activities which vary in their cultural, contextual settings and policy
frameworks; therefore, impacts may not be as unified as discussed in the next
section.
                                                                             
                                                                             


   
5.1     DITOs impacts at three engagement levels

We discuss below the impact pathways for the three types of DITOs beneficiaries: public,
science practitioners and policymakers.

A. Public engagement impacts.
   The pathway towards ‘wider and deeper public engagement in science’ achieved
with DITOs events, which covered a broad range of engagement with science,
citizen science and DIY science at different levels of the escalator. Since the lower
rungs have the highest number of participants, many of the activities targeted
participants at the transitions from levels 1–2 and 2–3. Direct outputs of these
activities contributed to improving public awareness of science and RRI (ST1), by
increasing awareness of opportunities to participate more fully in scientific activity,
since most participants have not heard about citizen science. This created the
opportunity to increase participation in science and citizen science (ST2), which
includes both access and exposure to scientific information and awareness of the
opportunities and resources to organise themselves and engage in matters that are
important to them. Some events specifically targeted women and girls, with
a communication strategy that focused from the beginning on engaging these
groups both online and offline. Social exclusion is addressed through a travelling
exhibition in remote areas. By operating across the escalator, it was possible to
improve the visibility of citizen science and DIY science (ST3). Various events on
science topics (e.g. Bioblitzes, science cafes) resulted in improving participants’
science knowledge and scientific literacy skills (ST4) which also contributed to
ST1.

   The efficacy of the efforts was evaluated (A8) in a way that informed the
development of ongoing events. Meeting short-term impacts meant that, by employing a
variety of engagement techniques matching local contexts, citizens built their
own capacities (in terms of knowledge and skill) to engage further with other
citizens, but also scientists and policymakers in shaping and conducting research
(MT1). The latter clearly depends on the willingness of more powerful actors
to open up opportunities for participation, which further results in improved
scientific and civic literacy (MT3). The aim is that, with both opportunities and
networks established, personal and community relationships, gender and social
inclusiveness in science and citizen science can be improved (MT2). It should
be noted that it is the developments in the other parts of the mechanism that
further enable the materialisation of these specific impacts in the medium and long
term.

B. Impacts from engagement with science practitioners.
                                                                             
                                                                             
   These emerged from outputs that outlined and provided instructions and best practice
guidelines (e.g. outreach plan, good practice guides, evaluation guidelines) for science
practitioners who can use DITOs tools and methods for their engagement practices or to
learn from failures and successes for their own designs (O4, O5, O6). Capacity building
was and will be further enhanced through DITOs innovation hubs (O7), which are
organisations capable of utilising citizen science at different levels as a result of
the project. DITOs innovation hubs introduced five principles, which include
communal — encourage collaboration and togetherness; self-organising and adaptive —
allow innovators to set the agenda and trajectory of innovation; interdisciplinary
knowledge transfer; enabling innovators — hubs empower participants to transform
into innovators; global impact — innovations tackle global-scale impacts. The
expectation was that, through this effort, the value of knowledge-sharing that
ECSA provides would increase and therefore its membership would also increase
(O8). Finally, the project introduced a set of tools and mechanisms (O9) that are
open to science practitioners such as use of social media (i.e. using DITOs social
media to promote other public engagement projects), or evaluation forms and
templates.

   In the short-term, this effort to share methods, tools and, most importantly,
lessons learned will further support science practitioners in adapting them to fit
their needs beyond the project’s duration (ST5). DITOs events and other outputs
were designed to contribute to capacity building of science practitioners, and the
growth of ECSA will further increase knowledge, skills and capacity as well as
opportunities for local science actors and decision-makers to get involved in
similar initiatives (ST6) [Storksdieck et al., 2016]. This contributes towards turning
ECSA into a pan-European knowledge and resource centre for citizen science
(ST7). In the medium-term, innovation hubs, the availability of citizen science
methods and tools, and the support provided by ECSA are expected to enhance
capacity of local science actors (MT4). Sustainable capacity building through ECSA,
cross-European fertilisation and innovation hubs can result in strengthening
cooperation and support in citizen science and, more broadly, in science across Europe
(MT5).

C. Impacts from engagement with policymakers.
   These emerged from the use of resources towards dedicated events such as Discovery
Trips and stakeholder round tables, which engaged policymakers at local, regional,
national and EU level. DITOs produced good practice guidelines and policy briefs and a
targeted online communication and dissemination strategy for these stakeholders
through printed media, videos, reports and newsletters. From these outputs in
the short-term, the project improved policymakers’ citizen science awareness
across Europe (ST8), with emerging evidence of the term used in policy reports
[European Commission, 2017]. Policy-related outputs should result in further policy
support for citizen and DIY science (ST9) which can be seen in the local support to
citizen science in Horizon Europe programme. As usual with policy impacts, it is
impossible to claim that DITOs is the main reason for this, but it is clear that the
sustained engagement and exposure of science policy makers to citizen science
within DITOs activities contributed to this. DITOs events at various levels of
                                                                             
                                                                             
the ‘escalator’ and the involvement of policymakers led to appreciation of the
escalator mechanism (ST10), with contribution to the framing of science and
society questions to the Eurobarometer survey, or the integration of the model
within a prominent report by the EC [European Commission, 2020]. The expected
medium-term changes may push the boundaries of participation in science policymaking
(MT6) and help appreciate and support the benefits of citizen science (MT7). Here,
awareness that other levels of government utilise citizen science can push its
adoption.

   The final set of goals are long-term impacts, which are dependent on other projects and
activities well beyond DITOs’ limited resources and duration. These long-term goals are
wider and deeper public participation in science and greater awareness of RRI. Here the
project addresses the challenge of deepening public engagement by having created a
virtual ‘escalator’ that, as we demonstrated, enables people to decide which level of
contribution is suitable for them, while gently exposing them and encouraging them to
move to the next level. The goal to maximise European innovation is linked to the ongoing
concern by European policymakers about the challenges from the US and Asia in scientific
dominance [Hoenig, 2017]. The promotion of citizen and DIY science is carried
out to encourage user-led and DIY innovation by drawing on the expertise of
grassroots and DIY groups and organisations, which have a deeper understanding of
local contexts. The DITOs escalator framework seeks to identify more of these
groups and individuals and potentially offer them a pathway for utilising their
efforts. DITOs further stimulates European innovation by building civil society’s
capacity and response capabilities through the co-design and subsequent open
access to research tools, methods and spaces. The final goal to maximise societal
input and external advice to R&I policies is based on the wider assumptions
behind the RRI efforts that were noted earlier [Owen, Macnaghten and Stilgoe,
2012].


   
6     Conclusions

In this paper, we demonstrated how logic models can be utilized in a large-scale project
that focuses on public engagement in science and how pathways between the different
components can be used to demonstrate and achieve impact. We have also positioned
citizen science within the wider context of public engagement in science and explained
how the use of these tools together with the novel concept of the ‘DITOs escalator
framework’ can assist in achieving long-term goals which are common across many citizen
science initiatives. By looking at the programme’s logic model at the top level, during its
implementation, we were able to identify the right mechanisms at a strategic level
to ensure that tools and instruments are in place to achieve the change that is
required.

   Important lessons learned from our experience include identifying and targeting all
beneficiaries appropriately at all levels, and identifying opportunities and challenges
throughout the project’s duration and designing relevant actions to address them
                                                                             
                                                                             
(e.g. designing appropriate communication mechanisms and content creation for iterative
evaluation activities that set the space for reflection and improvement from early design
stages). We have learned that, while it is possible to envisage a model which tries
to identify what each action aims to achieve, it is easier to miss those top-level
impacts and consider the pathways which we believe are problematic areas of most
existing public engagement programmes. A logic model can support this and, by
considering the linear pathways (or, in our case, not so linear) to impact, gaps and
misconceptions can be identified early enough and planned into programme design and
delivery.
                                                                             
                                                                             

   We would like to acknowledge that an abstract discussion of our programme’s logic
model can be that it removes the context from specific public engagement events and
activities and focuses on how the mechanism that we describe works in situated practices
in a way that inspires others to follow a similar approach. One important note to make
with respect to cultural contexts is that partners who organise local events do have
extensive experience in their local cultural contexts and, by emphasising the network
effect of the wider ECSA network, it is possible to tailor the framework to these
contexts.
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