N
N

N

HAL

open science

Serious games and citizen science; from parallel

pathways to greater synergies

Erika Speelman, Elena Escano, Diego Marcos, Nicolas Becu

» To cite this version:

Erika Speelman, Elena Escano, Diego Marcos, Nicolas Becu. Serious games and citizen science; from
parallel pathways to greater synergies. Current Opinion in Environmental Sustainability, 2023, 64,

pp.101320. 10.1016/j.cosust.2023.101320 . halshs-04185518

HAL Id: halshs-04185518
https://shs.hal.science/halshs-04185518
Submitted on 22 Aug 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://shs.hal.science/halshs-04185518
https://hal.archives-ouvertes.fr

- . v aa
Tovs oL

Serious games and citizen science; from parallel pathway

synergies

Erika N. Speelman'”, Elena Escano?, Diego Marcos>, Nicolas Becu *

! Laboratory of Geo-Information Science and Remote Sensing, Environmental Sciences, Wageningen
University & Research, 6708 PB Wageningen, The Netherlands

2 Wageningen Food Safety Research, Wageningen University and Research, P.O. Box 230, 6700 AE
Wageningen, The Netherlands

3 Inria, University of Montpellier, 34090, Montpellier, France

4 Laboratory Littoral, Environment and Societies (UMR LIENSs 7266), French National Centre for
Scientific Research (CNRS) & La Rochelle University, 2 rue Olympe de Gouges, 17000, La

Rochelle, France

*corresponding author: erika.speelman@wur.nl

ORCID:

Erika N. Speelman: 0000-0003-1842-4939
Elena Escano: 0000-0001-7412-5912
Diego Marcos: 0000-0001-5607-4445

Nicolas Becu: 0000-0002-7463-2719

Abstract

Citizen science and serious games are participatory methods that gained traction in recent years
especially in the environmental sciences in the context of natural resource management. The two
approaches interact with both instrumental and relational values of decision-making and appear to have
similar objectives in supporting the development of a shared understanding of the environmental impacts
of human land-use decisions with a larger and more active role for stakeholders. One can argue that
these two methods have been on seemingly parallel pathways of development. In this paper, we present
a brief overview of these developments and explore the complementarity and potential synergies
between the two approaches to further strengthen the engagement and empowerment of the public in

science.
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1 Introduction

In today’s ever tighter-knit world, the governance of landscapes and the management of the natural
resources within are increasingly complex with a host of multi-level competing interests and claims [1-
3]. As a result, steering resource and landscape management towards increased sustainability is
recognized as one of the biggest and most important challenges of our times [4,5]. Decision-making in
these highly complex social-ecological landscapes is not only challenging due to difficult trade-offs
between social, economic, and ecological interests and their consequences (the so-called instrumental
values), but also due to the multitude of stakeholders with often a matching number of (conflicting)
individual and group perspectives on the value of nature for humans and the impacts on human relations
as a result (the so-called relational values) [3,6]. Both the instrumental perspectives as well as the
relational perspectives on values play an important role in decision-making [3]. However, more often
than not relational values and relational rationality are not taken into account or only in a rudimentary
form while instrumental values and rationality are viewed as superior [7]. However, new exciting
insights from the field of cognitive science show the role and importance of engaging the social mind,
recognizing the power of values, experience and emotions when aiming to change minds and ultimately

changing behavior and decisions [8].

Against this background, and in light of current increasing demands towards more science for impact, a
trend towards more public engagement in research is seen [9-12]. This increased engagement empowers
communities to become more vocal and contribute to e.g. landscape-level planning and decision-making
processes [13]. In the domains of natural resource management and landscape governance, two methods,
in particular, have become increasingly popular, namely citizen science and serious games. While these
two approaches often have similar overall goals, they have different starting points. Both aim for a
deeper and stronger shared understanding of conditions and trends, awareness raising, a greater role for
citizens and local stakeholders in decision-making and the emergence of innovative, ‘out-of-the-box’
solutions, not constrained by current rules and land-use concepts but supported by concepts such as ‘co-
production of knowledge’ and ‘co-management’. However, the citizen science and serious games
communities of practice have developed separately, with seemingly distinct geographical foci and
different levels of public participation. While citizen science projects seem strongly focused on citizens’
involvement as sensors and data collectors with the objective to enlarge scientific knowledge, serious
gaming projects often aim to contribute to (local) processes of change through in-depth interactions with
stakeholders using co-developed games as boundary objects in interactive game sessions. Facilitating
social learning among stakeholders with the ultimate goal to impact real life decisions and move systems
towards increased sustainability is a common objective in serious gaming applications [14-17]. In
addition, citizen science seems to be more frequently used in the global north, with serious gaming
approaches being more often developed and applied in the global south with the two rarely being used

in conjuncture.



In this paper, we provide an overview of the status and development of the fields of citizen science and
serious games by exploring the seemingly parallel pathways of development and application of these
two approaches. Based on the overview, we aim to explore the current lack of synergy between citizen
science and serious gaming approaches. We identify and propose opportunities for greater
complementarity and synergy between citizen science and serious games as different ways of linking
specific, place-based pattern information to generic, process-based concepts, in support of locally

desirable system change.

2 Citizen science and serious games: parallel developed pathways

Citizen science

The first research projects in which the public actively contributed by collecting data date back to the
first bird counting activities in the late 1800 and early 1900 in the USA and in the UK. However, the
concept of ‘citizen science’ was not introduced until the late 1980s. Citizen science can be defined as
the active participation and contribution of the general public in research activities to increase scientific
knowledge [12]. While this definition leaves space for a variety of citizen contributions, the majority of
citizen science projects reported on, confine the role and contribution of citizens to data collection and
monitoring of natural phenomena or of the status of specific natural resources. A distinction can be made
between often large-scale resource monitoring mainly led by scientists and community monitoring often
led by concerned citizens in their own communities [13]. The method’s strong origin in natural science
still results in many of the recent publications falling within the realm of natural sciences focusing on
data collection and data monitoring of natural phenomena [18]. Some recent examples include the
monitoring of: North American butterflies [19], South African birds [20], mosquitos in Germany [21],
pollinating insects in France [22,23], ticks in the Netherlands [24] nitrogen dioxide [25,26], and natural
resource systems and common pool resources [13,27]. However, with the many success stories from the
natural sciences, the method’s popularity increased also outside the natural science domain with
applications in other domains mushrooming, from cases related to food safety, such as studies of urban
gardens identifying trace metal contamination risks [28], to health equity promotion [29] or highlight

sources of pollution in urban rivers [30].

Advantages of involving citizens in scientific endeavors include a larger spatial and temporal reach in
data collection resulting in a larger sample providing a more solid evidence base with increased
awareness of particular scientific issues [13,27], and strengthened scientific empowerment of citizens
often mentioned as secondary benefits. Also improving the data collection techniques is often seen as a
large advantage [13,27], especially with the development of online interactive tools and mobile phone
applications such as eBird [31] or the Zooniverse platform [32,33]. The progress made has allowed for

the involvement of a considerable number of individuals in data collection activities, significantly
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enhancing accessibility for the general public to participate. Even though getting large numbers of
people to contribute became much easier with the onset of these tools, keeping ‘citizen scientists’
engaged to establish continuous data collection remains challenging resulting in oscillating data quantity
and quality posing new challenges for data analysis and interpretation [34]. Wavering or oscillating
levels of engagement and commitment of the public in citizen science projects seem to be particularly
an issue for projects targeting large audiences that will experience little to no direct impact of their
efforts in their daily lives. Relatively new in the field of citizen science is the use of machine learning
approaches [35], particularly in projects related to ecology and biodiversity such as iNaturalist [36] and

Pl@ntNet [37]. Machine learning opens new avenues for analyzing these large citizen science data sets.

With the expansion and development of the field, the concept of citizen science evolved, similar to that
of participatory research the role or citizens grew, allowing the potential expansion of the method’s
objectives beyond mere data collection [38,39]. Shirk et al. proposed five distinct models of citizen
science on the basis of the level of citizen participation and decision-making power, in which three
models of collaboration hold a larger and more equal role for citizens, namely collaborative, co-created,
and collegial citizen science [39]. These newer forms models of citizen science, though still a minority,
allow the public to participate e.g. in the interpretation and exploitation of the collected data, but in some
cases also in the design of the study and even the determination of the study. As a result of increased
public engagement through citizen science, the general public becomes more aware and more informed
about developments in specific scientific topics scientific fields and scientific research in general

facilitating the scientific empowerment of the general public.

Serious gaming

Serious games are often described as games for serious purposes beyond pure entertainment values [40].
These games are models of reality commonly depicting a real-life system or elements thereof including
the associated dynamics in a condensed, and often stylized manner, thereby providing simplified worlds
from which learners can step back and understand the structure of the real world [41]. They cut off the
bewildering complexity of real life by immersing participants in a demonstration of its possibilities,
allowing participants to experience first-hand concepts that may sometimes seem abstract, such as
organization, power, negotiation, etc. As such, serious games are increasingly recognized as universal
learning tools developed to function as boundary objects to facilitate learning [42]by allowing
participants to openly interact and by triggering engagement while stimulating discussion among
participants. Through game play, participants can explore the effects and consequences of their decisions
in the safety of the game setting. Two virtues are generally attributed to the use of serious games:
engagement and learning. Classically, it is said that participation in serious games increases interest in
the simulated subjects. From the perspective of psychologists and pedagogues, two elements structure

player engagement: on the one hand, the subjective enjoyment of the game experience, and on the other
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hand, the motivations to play the game [43]. By involving cognitive skills, and multiple senses in game
play with others, games contribute to learning processes in which substantive, experiential and social

learning all play a role [14,44].

The first steps in using games in academic settings are commonly attributed to Richard Duke who
pioneered the field in the 1960sand 1970s [45]. While the games as a (scientific) research method has
been around for about half a century, the term “serious games” became only commonly used in the last
decade (Figure 1). Duke focused his research on games on developing games and exploring game use
in educational settings. While educational games still form a large part of the current body of literature
on serious games, many other fields have also discovered the engaging power of games. Over the past
decade, the development and application of serious games have spread across many fields of academic
research, as well as to its preferred partners, whether institutional partners or climate transition actors
[9,11,46-50]. As an example, Gerber and his co-authors [51] identified 115 games developed in recent
years that deal with climate change, most of them being used for educational purposes. In the field of
natural sciences and natural resource management, games often represent real life social-ecological
systems and are used for educational or training purposes, as well as interventions aiming to steer
towards more informed decision-making processes and to facilitate discussions on a variety of often
difficult, complex and sensitive topics [52-54]. Thanks to the increased interest in game-based research
and the growing community, practices evolved in recent years towards more integration of stakeholders
in the design phases and especially for the selection of data and dilemmas to be represented in serious
games. Driven by participatory modeling [55,56] and co-design [57,58], game practitioners find in this
upstream integration of stakeholders a way to improve game design and usability [59] and, ultimately,
the richness of the exchanges between players about the issues at stake [60]. Thus, serious games form
an excellent tool for transdisciplinary research due to the ability of games to integrate diverse forms of
knowledge and create and preserve an environment in which relational values in decision-making

processes are fostered and can be explored [61,62].

Parallel pathways

In recent years the interest in citizen science and serious games has grown dramatically [9,10]. We
performed some simple bibliographic searches that confirmed this trend and showed a steady increase
in the number of publications in both fields with a particular sharp increase in the number of publications
on citizen science since 2018 (Figure 1a) (for more information see Appendix I). When looking at the
origin of the papers, we see a clear division between research originating from the Global North and
from the Global South [63]. Where around 60% of the publications originating from the Global North
focused on citizen science, we see the opposite for the Global South, where roughly 60% of the papers
used a serious gaming approach (Figure 1b, 1¢). Zooming into literature in the domain of natural

resource management, identified also content-level differences between the two bodies of literature by
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looking at the title, abstract, and keywords of the papers (Figure 2). This clearly shows that the literature
on citizen science is still very much focused on data collection and monitoring of natural resources,

while the literature on serious games focuses more on learning.
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Figure 1: Results of two bibliographic searches into: ‘citizen science’ and ‘serious games’ showing: a)
cumulative number of papers in the last decade (from 2010 to 2021); b) proportion of published articles
on ‘citizen science’ and ‘serious games’ with the first author from the global south; c) proportion of
published articles on ‘citizen science’ and ‘serious games with the first author from the global north.
Searches were executed in Scopus (searches last executed 02-01-2023), for more information, see

Appendix I).
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Figure 2: Word cloud visualization results of two bibliographic searches in the domain of natural
resources management into: a)‘citizen science’ and, b) ‘serious games’. The font size of the words is
positively related to the frequency of the keywords used. Searches were executed in Scopus and analyzed

using python “wordcloud” package (executed /5-01-2023).



3 Serious games and citizen science: potential synergies

Citizen science and serious gaming have proven capable of engaging non-scientists in scientific
research, be it stakeholders in specific study areas and contexts or the general public. While the overall
objectives of these methods are much alike, citizen science generally has a stronger emphasis on
instrumental perspectives through data collection and data monitoring of human impacts on natural
phenomena with the main goal of improving scientific research especially where there is a great interest
in discovering and understanding spatial and temporal trends [30]. Creating awareness among the public
about the issues at hand though significant, is commonly of second order importance in these studies
[64], while, the improvement of community awareness and positive attitudes towards joint action are
crucial factors for the successful implementation of large-scale monitoring efforts and ultimately for the
future of the approach [25,26]. Whereas serious gaming approaches in the context of natural resource
management focus strongly on relational perspectives by creating space to experience, discuss, and
(collectively) explore the complex multi-faceted decision-making processes in natural resource
management contexts. One of the common objectives of serious gaming applications is to stimulate
(social) learning to contribute to better informed decision-making processes, while scientific
contributions of many of these studies often remain anecdotal as objective assessment methods remain
largely lacking [10]. With the evolution of both methods over time, the conceptual basis of citizen
science broadened up allowing for more and different forms and levels of citizen participation [38,39]
while in the case of serious gaming, the call for evidence or proof of the impacts of games on learning
and decision-making processes became louder [9,10,65]. As a result, the conceptual gap between the
two methods seems to have narrowed and interesting synergies between citizen science and serious
gaming can be envisioned allowing for a fuller understanding including both instrumental and relational
perspectives. In some cases, using the two methods in conjunction by developing, for instance, more
data-driven games based on data collected and monitored through citizen science could tackle the
skepticism against the use of “simple” games [66], while using games or game elements could strentghen

the commitment and willingness for long term participation in citizen science projects.

Where citizen science approaches have the capacity to easily reach out and engage with large numbers
of people with often minimal required efforts and commitment from participants, these projects often
struggle to keep the momentum and keep the contributors engaged in the long-term [67]. It is said to be
a challenge to develop strategies for ensuring project continuity and sustaining community engagement
[68]. In serious gaming projects, the opposite is often true, the initial phase of getting people to come to
the table to play has often proven to be challenging [54,69,70], as participation requires openness and
active involvement of its players. In addition, people are often skeptical at first sight of the potential

lack of seriousness of playing games [62,66]. Moving in the direction of more data driven games by



making use of data collected using citizen science could take away some of that skepticism. Barreteau
et al. [71] explain that among the different ways of involving stakeholders in the model design process
with a game being a model of reality, two types of co-development grant control over the use of the
model to the stakeholders: "Dialogue with modelers and control over model use" and "Co-building of a
model and control over model use". This control allows stakeholders to evaluate and become aware of
the domain of validity of the model. This is what interests us here, as the joint use of citizen science and
serious games could allow actors to contribute to data collection and evaluate the suitability of the data,
in relation to the intention of the game they are co-developing. We see this as a potential way to improve
the reliability of data-driven games and to improve the quality of exchanges during the games via the

production of refutable arguments.

We believe that next to the two methods being used as standalone approaches, the combination of the
two approaches can stimulate participation and reinforce the engagement and (long term) commitment
of participants throughout the pursued research agenda while strengthening and benefitting from the
strong aspects of each of the approaches (Figure 3). Gamification, as the concept of using game
elements outside the context of games to establish and maintain engagement [72], holds a potential key
role in developing a patchwork of citizen science and serious gaming approaches (Figure 3). Gamified
elements have been proposed as a way to enhance user engagement in citizen science efforts and has
successfully been applied with varying levels of gamification such as in Seek by iNaturalist

(https://www.inaturalist.org/) and Foldit (http://fold.it/). It has been recognized that gamification holds

promise to make behavioral science better facilitating more structured and objective ways to collect
information from larger samples [73]. A gamified citizen science approach could be especially useful in
projects concerning issues that are at the beginning of the issue-attention cycle when data discovery is
needed to gain insights, as well as in the monitoring and evaluation phase when data monitoring efforts
are key and often tricky to keep up (Figure 3). Especially, with the enlarged complexity of the world
increased citizen contribution through transdisciplinary multi-method approaches [74] like our proposal

is required.

To illustrate how such potential integration could work, we sketch the case of an endangered animal
species that forages in a rural landscape where local farmers grow crops and heard their cattle, like for
instance the tiger in Nepal. Several organizations work towards protecting the tiger in these landscapes,
but the presence of the tiger threatens the lives and livelihoods of people living in the area, while it
provides a new source of income for others through tourism. To address this issue a thorough
understanding of the movements and damages of the tiger population needs to be gained. Citizen science
could prove to be useful in this phase to for instance map tiger and damage sighting. This information
would be input to the development of a serious games in which stakeholders can discuss the current

conflict of interests and explore possible alternatives. The issues discussed and scenarios played out in
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the game sessions, can in turn be used again to set out potential new measures for monitoring of

disturbance and threat by the tigers.
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Figure 3: Conceptualization of a multi-method approach of citizen science, serious gaming and
gamification efforts within transdisciplinary research in natural resource management contexts,
matching the desired level of engagement and (long term) commitment along the issue-attention cycle
(adaptation of [10]). In the early (stage 1 and 2) and later stages (stage 4 and 5) citizen science can be
gamified to gain and maintain attention and interest of citizen scientists. The collected information in
stage 1 and 2 can input for the development of serious games (stage 3 and 4), while the output of the

game sessions can be used to lead the data collection for monitoring in stage 4 and 5.

Conclusions
In light of the many daunting challenges the world faces today, steering natural resource management

and land-use systems towards increased sustainability is crucial, yet ever more difficult due to the



increased complexity of the world resulting in ever more competing claims and interests and the
associated perspectives and values. Developing and using methods that allow for both instrumental and
relational perspectives in land-use decision-making processes to be included through the participation
of stakeholders and the general public, such as citizen science and serious gaming approaches, is
therefore key. These two methods have developed in parallel in separate communities of practice largely
in different parts of the world. Over time both approaches evolved seemingly narrowing the conceptual
gap between them. However, so far the methods remain rarely used in conjunction. We propose that
next to the independent use of citizen science and serious games approaches, creating a patchwork of
citizen science and serious gaming efforts with gamification as a connector would combine the strengths
of each of the two methods. We believe that combining citizen science and serious gaming could
facilitate and satisfy the need for specific, place-based pattern information and strong engagement with

(local) stakeholders to co-produce knowledge for locally desirable system change.
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