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Digital platforms are playing an important role in shaping current scientific, social, and
policy developments. Participatory science, in particular, has risen in popularity through
the incorporation of digital citizen science platforms to facilitate the observation of social and environmental phenomena. However, sustaining participatory actions in the long
term remains a major challenge in citizen science projects. Prior research has focused on
two main areas to overcome this: 1) investigations into people’s motivations to engage
in citizen science initiatives and 2) the design of incentive mechanisms to support people’s engaged action. Yet, the former relies on self-reported data, thus missing the link
between self-reported motives and concrete actions. The latter works on the assumption
that reward-centric mechanisms may enhance participation, though the effectiveness of
such mechanisms has been proven to undermine sustained participation in other types of
volunteering initiatives.
This doctoral thesis addresses this research gap by advancing our understanding of what
motivates people to participate in a sustained manner in digital citizen science initiatives.
This exploratory work was done through a critical analysis of literature and practice reports, and the design of case studies and localized action research interventions. This
research finds that in order to sustain participation in digital citizen science, human values must be considered when designing and evaluating the processes, tools, and incentive
mechanisms.
This thesis offers three key major contributions to human-computer interaction research
and digital citizen science: a) it illustrates the different forms of participation in digital
citizen science; b) analyzes the use and limitations of incentive mechanisms in digital
citizen science; and c) it advances the understanding of the motivations that drive participation in digital citizen science (beyond self-reports) by leveraging on theories and
instruments from social psychology, thereby adding new evidence on the link between
values’ orientations and online behaviors.
Keywords: participatory science, digital citizen science, sustained participation, online
behavior, incentive mechanisms, human-computer interaction
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Ville Myllynpää, Leila & Arto, Sakari Jr., Ornela, Jussi Saari, Mae Thomas, Lolita, Pavel
& Marina, Antti Knutas, Arwa & Orestis, Pedrito Reynolds-Cuéllar, Paolo & Gabriel
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1

Introduction

Digital citizen science platforms are prominent examples of modern volunteerism that
provide people with opportunities to observe natural phenomena and to engage in scientific processes. Sustaining participation in these platforms is a well-known challenge
for many initiatives. This doctoral thesis focuses on this issue through three different
approaches, 1) a critical analysis of literature and practice reports, 2) in-depth case studies, and 3) localized action research interventions. This chapter presents the background,
scope, contributions, and structure of this thesis by compendium.

1.1

Background

Technology enables public participation (Ruge, 2015; Rotman et al., 2014b), as it allows
people to engage in initiatives that serve a breadth of purposes, such as open governance,
community action, and participatory science. In particular, participatory science, has enjoyed considerable success in recent decades through a wide variety of digital citizen
science projects, from millions of galaxies being classified through Galaxy Zoo, protein
discoveries through the game FoldIt, to sustained fauna monitoring for a century through
the bird count of the Audubon Society. At its core, citizen science is a research practice
where members of the public collaborate with professional scientists to conduct scientific research (Bonney et al., 2009; Hand, 2010; Dickinson et al., 2012). Digital citizen
science platforms have been designed to support citizen science activities through technology (Goldman et al., 2009; Burke et al., 2006; Ganti et al., 2011; Guo et al., 2014a).
These platforms bring an opportunity to monitor social and environmental phenomena in
large scales through technology (Balestrini et al., 2015; Newman et al., 2012; Guo et al.,
2014a). Fundamentally, submitting observations through a digital citizen science platform is a deliberative act of modern public participation (Palacin-Silva et al., 2018).
Worldwide participation in citizen science is growing continuously (Fritz et al., 2019;
Hoang, 2018). Citizen science has become a pillar of the EU open science strategy (European Citizen Science Association, 2020; CitizenSData Science Hub, 2020; Hecker et al.,
2018) and it has been acknowledged as a relevant practice to advance the work of all Federal Agencies in the United States through the Crowdsourcing and Citizen Science Act of
2016 (CitizenScience.gov, 2020; United States Congress, 2016). Citizen science has also
been highlighted for its potential to support the achievement of sustainable development
goals (Fritz et al., 2019) and institutions like the European Commission have increased the
funding for citizen science in the previous decade through platforms such as FP7, H2020,
and SWAFS (European Commission, 2020). Overall, it is estimated that in 2015 already,
1.3 to 2.3 million volunteers contributed $667 million to $2.5 billion in-kind annually
to citizen science projects worldwide (Sauermann and Franzoni, 2015; Theobald et al.,
2015). In the midst of emergency situations, in particular, citizen science platforms have
been on the frontline of emergency response. For example, during the 2020 COVID-19
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pandemic, the FoldIt platform1 has sought to discover an antiviral protein to target and
eradicate this disease with a community of 2.2 million citizen scientists (FoldIt, 2020;
Subreddit Stats, 2020). Further, during the Fukushima power plant accident in 2011, the
Safecast platform and its members assembled devices to monitor radiation and collected
the largest radiation records in human history (over 40 million data points and counting)
(Storey, 2014).
However, beyond the best-known digital citizen science platforms, medium-sized local
digital citizen science initiatives face numerous challenges to sustain participation among
their volunteers (Foody et al., 2017; Jennett and Cox, 2018; Orchard, 2019; Jackson, 2019;
Preece, 2016). This has motivated numerous studies in two main areas: 1) investigations
into people’s motivations to engage in citizen science initiatives (Jackson, 2019; Jennett
and Cox, 2018; Jennett et al., 2016; Orchard, 2019; Rotman et al., 2012; Curtis, 2015); and
2) the design of incentive mechanisms to support the engaged action of people (Restuccia
et al., 2016; Jaimes et al., 2015; Duan et al., 2017; Katmada et al., 2016). Yet, the former
relies on self-reported data (e.g., surveys), thus, missing the link between self-reported
motives and concrete actions. The latter functions on the assumption that reward-centric
mechanisms (e.g., monetary incentives) may enhance participation, although the effectiveness of such mechanisms has been proven to undermine sustained participation in
volunteering initiatives (Crompton, 2010; Knowles, 2013b).
In human-computer interaction (HCI), the challenge to sustain participation in digital citizen science has also motivated certain projects to become more open, participatory, and
inclusive (Balestrini et al., 2017, 2015; Vitos et al., 2017; Preece, 2016). For example, the
Bristol Approach to citizen science is a people-led and issue-led method2 , which emerged
from a series of digital citizen science interventions in Europe. The approach provides
tools to inform the design of participatory solutions to tackle issues of common interest.
In this process, people can imagine, design, and build such solutions. Another project,
called Sapelli (Vitos et al., 2017), built collaborative data collection interfaces with nonliterate forest communities in Congo, thereby demonstrating that a participatory approach
to technology creation improves the experiences of volunteers and increases their willingness and confidence to participate in science.
This is part of a larger “civic turn” in HCI research, where scientists are increasingly collaborating with communities in-the-wild, as they seek to better understand technology in
our everyday lives (Rogers, 2011; Rogers and Marshall, 2017; Balestrini et al., 2014). The
field is moving away from being confined to the design and deployment of consultation
technology (Golsteijn et al., 2016; Preece, 2016) toward a process of working alongside
local communities to create and deploy community technologies that address matters of
shared concern (Wardle et al., 2018; Simm et al., 2013; Balestrini et al., 2017; Coulson
et al., 2018; Wolff et al., 2017). This has resulted in a rich body of work that studies the interplay between civics and technologies (Johnson et al., 2016; DiSalvo et al.,
1
2

FoldIt Solving Puzzles for Science: https://fold.it
The Bristol Approach to Citizen Sensing: www.bristolapproach.org
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2016) that have enhanced our current understanding of human-technology interactions
and supported the development of novel theories, technologies, and approaches. These
approaches include research in the wild (Rogers and Marshall, 2017), participatory design (Wardle et al., 2018), speculative design (DiSalvo et al., 2016), and action research
interventions (Balestrini et al., 2014).

1.2

Research Scope and Approach

Extant research on digital citizen science has focused on understanding motivations to
nurture sustained participation. However, sustaining concrete and long-term participatory actions in citizen science projects remains a major challenge for initiatives. Prior
studies in social computing studies have evidenced that human values can be linked with
online behaviors (Chen et al., 2014; Boyd et al., 2015; Mukta et al., 2016; Esau, 2018;
Hsieh et al., 2014). These studies have revealed that personal values can be identified
from language narratives (Boyd et al., 2015; Esau, 2018; Palacin et al., 2020b), online
content (Chen et al., 2014), and digital interactions (Mukta et al., 2016; Kalimeri et al.,
2019). Given this context, this thesis work argues that values research is key to the design
of digital citizen processes, incentive mechanisms and technological platforms that foster
sustained participation. This is because values underlie the motivations that drive volunteering actions in digital citizen science.
Throughout the research, a range of qualitative and quantitative methods were used. This
work is exploratory in nature, as it focuses on understanding the motivation of volunteers
in digital citizen science in different stages from the existing literature, case studies to
empirical observation. The main research question of this thesis, What drives participation in digital citizen science? was answered through four stages aligned with three
research questions (See Figure 1.1). These questions related to current practices in digital
citizen science, the design of processes, tools and incentive mechanisms and the motivational factors related with sustained participation. At the start of this doctoral research, a
literature review was conducted to inform the research directions of this work. This was
followed by four case studies: Jarvi, a study in-the-wild focused on exploring the effect of
gamification onto engagement with citizen science tools; Jarviwiki and Safecast, which
enabled the author to study the factors involved with long-term sustained participation in
digital citizen science; and SENSEI, a year long intervention with a local Finnish community to create and use contextualized digital citizen science tools. These cases enabled
the researcher to observe the phenomena, design interventions, and objectively measure
the effect of such design decisions onto human-computer interactions.
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Figure 1.1: Research Approach Overview
The understanding of motivation advanced with the research work. In the beginning,
motivation was drawn from literature and practice reports (publication II), then it was
operationalized and measured through empirical observation in an in-the-wild experiment
(publication II). This led to an examination of different theories on social psychology
regarding the motivations of volunteers in computer-mediated contexts. These theories
were then employed as a framework to explore the motivations of long-term volunteers
in digital citizen science (publication III). Finally, a long-term intervention was designed
(publication IV) to understand the role of human values’ orientations on digital actions in
a digital citizen science case (sub-chapter 4.2).
1.2.1

Contributions

The ultimate aim of this study is to advance our understanding of what motivates people
to participate in a sustained manner in digital citizen science initiatives, so that the field
can advance towards using effective, validated, and theoretically based mechanisms to
foster sustained participation.
The contributions of this thesis are related to the three core topics: participation
in digital citizen science, incentive mechanisms and values’ orientations. Figure 1.1
presents the relationship of the contributions in relation to the research questions, stages,
and publications.
Firstly, the “palette of participation” framework was designed and developed to illustrate the different forms of participation in digital citizen science. The work is based on
a systematic review of the practices, trends, volunteering motives, and challenges of 108
digital citizen projects (publication I).

1.2 Research Scope and Approach
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Secondly, the shortcomings of incentive mechanisms were identified through the empirical analysis of the role of gamification on digital citizen science (publication II); and
in-depth qualitative analyses of two outstanding digital citizen science cases, which were
guided by two prominent social psychology theories (Schwartz’s Human Values Theory
and Self-Determination Theory) (publication III).
Thirdly, the study of the relationship between values’ orientations and interactions was
achieved through a qualitative mapping of values’ orientations among 15 volunteers of
two outstanding digital citizen science cases (publication III), and the quantitative analysis of the relations between values orientations, sustained participation, and the number
and quality of digital interactions in a year-long experimental study (n=85) in-the-wild
(publication IV and sub-chapter 4.2).
1.2.2

Thesis Outline

This thesis begins with an overview of related research on participatory science, digital
citizen science, and volunteering motives (in Chapter 2). Chapter 3 presents the research
methods, synthesizing all design activities, data collection and analysis procedures in the
four research stages. The results of this work are presented through an overview of the
publications in Chapter 4. Further, chapter 4 also presents a summary of design reflections
and leanings from each study by themes. Thereafter, these results are reflected upon in
the discussion (in Chapter 5) in light of current developments in the field. Finally, the
conclusion of this doctoral research is presented in Chapter 6.
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2

Related Research

This chapter highlights the work used as basis to develop this thesis. Sub-chapter 2.1
describes the history of public participation in the context of science. Sub-chapter 2.2
draws from a multi-disciplinary body of knowledge to describe digital citizen science,
volunteer’s motivations, and incentive mechanisms. Finally, sub-chapter 2.3 describes the
theoretical work from social psychology used in this thesis, and its relation to HCI studies
of online participation.

2.1

Public participation: A Short History

Public participation has become a norm in policy and decision-making in most countries
(Quick and Bryson, 2016; Mapuva, 2015) and an irreplaceable part of the sustainable development agenda (Brundtland et al., 1987; United Nations, 1992). This is a result of the
significant evolution of the relationship between governments and citizens in the past 60
years — from consciousness-raising in the 1960s the incorporation of local perspectives
in the 1970s, the recognition of local knowledge in the 1980s, the participation as a norm
as part of the sustainable development agenda of the 1990s, and the e-participation governance in the 2000s (United Nations, 1992; UNECE, 1998; Reed, 2008; Brundtland et al.,
1987; Wehn et al., 2015; Le Blanc, 2020).
It has been widely recognized that “environmental issues are best handled with the participation of all concerned citizens” (United Nations, 1992; UNECE, 1998). This is particularly true for environmental decision-making, where public participation has been sought
and embedded into environmental policy, from local to international scales, in an attempt
to strive for improvement in the quality, acceptance, and durability of decisions (Reed,
2008).

2.1.1

Public Participation in Science

Humans have a natural curiosity, to understand phenomena and the environment around
us. This has led us to observe our surrounding nature and society since old times. For example, in ancient Egypt, there were professionals called “scribes” who, in collaboration
with the people, were responsible for keeping records of the harvests and army numbers
using hieroglyphics. The practice of cooperation between independent researchers and
regular citizens has evolved through human history, becoming known as “citizen science”
in the twentieth century. This term was first coined by Irwin (Irwin, 2002), as a “scientific citizenship which foregrounds the necessity of opening up science and science policy
processes to the public”. In the 1990s, Bonney and co-authors defined it as defined it as
“public-participation engagement and science communication projects” (Bonney et al.,
2009).
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An outstanding example of community participation is citizen science. Citizen science is
a research practice where members of the public collaborate with professional scientists
to conduct scientific research (Bonney et al., 2009; Hand, 2010; Dickinson et al., 2012).
Digital citizen science3 introduces the use of technology to help people to conduct activities such as collecting, categorizing, transcribing, or analyzing scientific data regarding
a phenomenon of interest (Bonney et al., 2014; Heggen, 2013; Burke et al., 2006). This
practice has become extremely popular numerous many scientific disciplines in the previous decade, as mobile technologies have spread rapidly in our lives (Le Blanc, 2020;
Dickinson et al., 2012; Wehn et al., 2015). Certain citizen science projects have already
achieved outstanding results, like the creation of the largest radiation records in history by
Safecast (Safecast, 2019), large records of bird populations by eBird (eBird, 2019), identifying new galaxy elements by GalaxyZoo (Zoouniverse project, 2019), and discoveries
of different protein types by fold.it (University of Washington Center for Game Science,
2020).
As societies increasingly require strong partnerships — mediated by technology — among
people, communities, and authorities to enhance decision-making and the protection and
maintenance of our commons (Harding et al., 2015; Gui and Nardi, 2015; DiSalvo et al.,
2016), digital citizen science platforms have taken larger roles than solely that of scientific
monitoring. Further, digital citizen science platforms also serve the public in solving daily
problems (e.g., finding the best route home) and enhancing decision-making in cities.
Hence, people are at the very operational core of these applications for two main reasons:
first, because of the manner in which they are operated, any digital citizen science tool is
doomed to fail if it has no participants; and second, because of the great value of local
knowledge and the intimate understanding the public has of the patterns and anomalies
in their communities. This local knowledge can complement expert assessments, as it
includes important contextual information (Burke et al., 2006).

3

Also known as citizen sensing, collaborative mapping, community monitoring, science 2.0, crowdsourcing, contributed geographic information, crowdsensing and participatory sensing (See et al., 2016;
Wehn et al., 2015).
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Digital Citizen Science
“Participatory sensing is data
collection and interpretation enabled
by technology”
(Burke et al., 2006; Goldman et al.,
2009)

Digital citizen science projects combine monitoring with participatory actions. They are
rooted in citizen science practices and have become popular across scientific disciplines
(Rotman et al., 2014b), because mobile technology has become pervasive and able to
capture, classify, and transmit location, image, voice, and other data autonomously (Ross,
2011; Chamberlain et al., 2013; Estrin et al., 2010; Goldman et al., 2009).
In the early 2000s, city development, urban crime surveillance, and forest conservation were highlighted as promising applications of digital citizen science (Nyerges et al.,
2006). Over two decades later, the applications in these domains (among many others)
have widely spread among the public. For example, FixMyStreet4 allows people to report city issues, for example, broken pavement) to enhance city maintenance; In 2007
Ushahidi5 helped the Kenyan government to map violent acts across the country and has
been used in over 10 countries since then; eBird6 was launched in 2002 to collect basic
data on bird distribution across the globe. Thus far, eBird has collected hundreds of millions of observations from most countries in the world. Finally, Safecast7 was launched
by the people as an initiative to monitor the radiation levels in Japan after the nuclear accident in Fukushima in 2011 in the midst of major doubts of official government records
regarding radiation levels. Currently, it has become the largest monitoring network in the
history of the planet.
With people regularly using technologies for different civic purposes from open governance, community action, to participatory science (e.g., collective city monitoring, sharing of local knowledge, and orchestration of community actions). Massive digital citizen
science platforms have emerged and engaged millions of people to observe various phenomena in nature and society. With environmental monitoring becoming its largest area of
application (some outstanding examples are summarized in table 2.1). As a result, digital
citizen science projects are playing an increasingly important role in scientific progress
and raising public awareness, both of which help foster informed decision-making and
strengthen democracies (See et al., 2016). In addition, the data collected on these platforms can support data literacy activities within communities (Coulson et al., 2018; Wolff
et al., 2019).
4

FixMyStreet: http://www.fixmystreet.com
Ushahidi: http://www.ushahidi.com
6
eBird website: http://www.ebird.org
7
Safecast website: http://blog.safecast.org
5
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Table 2.1: Examples of Environmental Digital Citizen Science Projects (adapted from
(Palacin-Silva et al., 2016))
Monitoring focus
Species
City
Water bodies
Biota
Air and radiation
Astronomy and
climate change
Disasters
Tools to create your own
monitoring campaign

Project examples
eBird, Great SunFlower, Great Backyard Bird Count,
iBats, Riista
FixMyStreet, SeeClickFix, VizWiz, Waze, CiclePhilly
Järviwiki, Brooklying Atlantis, LAKEWATCH,
Creek Watch, CoCoRaHS
Plant Watch, Leaf Watch, iNatural, Mountain Watch,
Nature’s Calendar UK, Scistarter, fold.it
Making sense project, Safecast, Noise Tube,
CitiSense, Bucket Brigades
Galaxy zoo, Spring watch, GLOBE at Night
iShake, Did you feel it?, Wesenseit
Ushahidi, CitSci, Public Lab, Scistarter

Digital citizen science platforms have been designed to support people-driven data collection of meaningful, located environmental data via mobile devices (Goldman et al.,
2009; Burke et al., 2006; Guo et al., 2014a; Ganti et al., 2011). These platforms represent
an opportunity to monitor social and environmental phenomena on a large scale through
technology (Balestrini et al., 2015; Newman et al., 2012; Guo et al., 2014b) and have been
used for a variety of purposes, including scientific research and crisis communication (Estrin et al., 2010; Goldman et al., 2009). Whilst serving as an effective means for inclusive
engagement, education, and civic outreach (Bonney et al., 2009; Hand, 2010; Dickinson
et al., 2012).
2.2.1

Motivations to Volunteer in Digital Citizen Science

Understanding what drives people to volunteer has been a focus of interest in social sciences. The volunteer functions inventory (VFI), for instance, conceptualizes six motivations that lead people to volunteer: values (altruistic concerns for others), understanding
(acquiring new skills), enhancement (self-development), career (obtaining career benefits
from participation in volunteer work), social (engaging in interactions according to social
standards) and protective (ensuring own welfare) (Clary and Snyder, 1999; Clary et al.,
1998; Schrock et al., 2000). Another relevant study in this field, points out that there
are four types of drivers for community involvement: egoism, altruism, collectivism, and
principlism (Batson et al., 2002). These frameworks have also been used to explain why
people volunteer in environmental conservation activities (Bonneau et al., 2003).
Yet, with the advance of technology and subsequent emergence of mass-used digital citizen science platforms, new studies relating to the motivations of online volunteering have
been published in two main areas, a) studies focused on identifying and reporting the
motivations of participants from interviews and surveys (Curtis, 2015; Jennett and Cox,
2018; Reed et al., 2013; Rotman et al., 2012; Orchard, 2019; Iacovides et al., 2013), and
b) the creation of reward-centric incentive mechanisms to increase volunteers’ engage-
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ment (Restuccia et al., 2016; Jaimes et al., 2015).
Field projects such as iSPEX (Land-Zandstra et al., 2016), Zoouniverse (Reed et al.,
2013), Stardust@home (Nov et al., 2011), Happy Match (Crowston and Prestopnik, 2013),
the Great Pollinator (Domroese and Johnson, 2017) and online citizen science experiments(Jackson, 2019) have reported that their participants are driven by a deep interest
in contributing to science, followed by curiosity (e.g. to try new devices or experiences),
learning interests, enjoyment of the activities and social engagements (e.g. sense of community). In addition, research studies of Foldit (Iacovides et al., 2013), Eyewire (Curtis,
2015) and small-scale citizen science projects (Rotman et al., 2012, 2014a) have highlighted that recognition is also a driver of participation. Some studies have also explored
the temporality of volunteers’ motivations in citizen science (Rotman et al., 2014a,b).
Despite these advances, digital citizen science initiatives continue to face numerous challenges to sustain participation among their volunteers (Foody et al., 2017; Jennett and
Cox, 2018; Orchard, 2019) and this is driving a deeper interest towards the understanding
the ”user experiences” of volunteers in online spaces such as digital citizen science (Jennett and Cox, 2018; Jackson, 2019; Preece, 2016; Gilbert, 2017; Skarlatidou et al., 2019;
Ceccaroni et al., 2019).

2.2.2

Incentive Mechanisms

To meet the motivational needs of volunteers and nurture sustained participation behaviors, citizen science projects may use incentive mechanisms. Incentive mechanisms have
been proposed as a technique to build sustained participation behaviors in digital citizen science projects. Most of these incentive mechanisms focus on providing a reward
to enhance participation. Table 2.2 summarizes 25 meta types of incentive mechanisms
from two taxonomies (Jaimes et al., 2015; Restuccia et al., 2016). These mechanisms
provide incentives that range from remuneration (e.g., through micropayments, gamification, and reputation mechanisms) to non-monetary incentives (e.g., social rewards and
hedonism-enhancing features) often aligned with auction theories and/or resource or privacy awareness principles (Jaimes et al., 2015; Restuccia et al., 2016; Khan et al., 2012).
Some projects (e.g., FoldIt and Eyewire) have reported that gamification and “quid pro
quo” approaches (exchange of benefits) enhance volunteers’ engagement with the projects
(Iacovides et al., 2013; Curtis, 2015).
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Table 2.2: Taxonomies of Incentive Mechanisms in Digital Citizen Science (Palacin et al.,
2020b)
Source

Type

Monetary
Taxonomy of
Incentive
Mechanisms for
Citizen Science
by Luis Jaimes
and co-authors Jaimes et al. (2015)

Collective motives
Social reward:
interaction
Social reward:
self interest
Intrinsic motives
and fun
Taxonomy of
Incentive Mechanisms
in Participatory Sensing
by Francesco Restuccia
and co-authors Restuccia et al. (2016)

General purpose

Application specific

2.3

Mechanism
Uniform
micropayments
Macro
micropayments
RADP-VP-RC
Credit satisfaction
index
Multiinteraction
Regret
minimization
Steered crowd
sensing
Platform-centric
User centric
VGC reverse
Noise Spy
P-Sense
Noisetube
Cenceme
Livecompare
Mobishop
ebirding
Floracaching
Non game
theoretical
Auction based
theory
Non-auction based
theory
Quid pro quo
Information trade
Gamification

Human Values, Motives, and Digital Behaviors
“Individual behavior is the result of a trade-off between values, motivations, traits,
habits, ideologies, attitudes and life circumstances” (Maio, 2016, p.51-126).

Research on digital citizen science has focused on understanding concrete actions (i.e.,
volunteering behaviors) to nurture participatory behaviors (Jennett and Cox, 2018; LandZandstra et al., 2016; Reed et al., 2013; Nov et al., 2011; Crowston and Prestopnik, 2013;
Domroese and Johnson, 2017; Rotman et al., 2012; Iacovides et al., 2013; Curtis, 2015;
Orchard, 2019). Yet, sustaining participation in citizen science projects remains a major
challenge for initiatives (See for example: publication II, (Jennett and Cox, 2018; See
et al., 2016). As Knowles highlights in her work (Knowles, 2013b, p.103): “trying to affect behavior without affecting the underlying motivations for this behavior (e.g., values,
frames, worldview) is a Sisyphean task: no matter how much progress is made, there will
continue to be powerful forces working against success.”
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Scholarly work in social psychology argues that behavior is the result of the trade-off
between values and motivations alongside other individual differences, including traits,
habits, ideologies, attitudes, and life circumstances (Maio, 2016, p.51-126),(Grouzet et al.,
2005; Kasser and Ryan, 1996; Kasser, 2002). In this doctoral thesis, we explore the behavioral drivers (values and motives) that underlie initial and sustained participation in
digital citizen science projects through two macro theories on human motivation — the
Schwartz’s Human Values Theory (Schwartz, 2012) and Self-determination Theory (Ryan
and Deci, 2000b). We focus on the Schwartz human values and the self-determination
theory, first, because these theories focus on understanding individual people instead of
national cultures, and, second because they include values and goals that apply on different life domains. Moreover, both theories have been validated in several domains and
different countries and are considered prominent theories that investigate the concept of
needs (Maio, 2016, p.53-59). However, in computer-mediated research, both theories
have been studied in isolation to explain human-computer interactions (Chen et al., 2014;
Snyder et al., 2016).
2.3.1

Human Values Theory
“Every human has a set of values”
Milton Rokeach (Rokeach, 1973, p.5)

Human values are considered to be guiding principles of life, that organize peoples’ attitudes, emotions, and behaviors, and typically endure across time and situations (Schwartz,
2006). Prior research has shown the correlation between people’s values and their actions and behaviors (see, for example, (Crompton, 2010; Seddig and Davidov, 2018;
Kingston, 2016; Bardi and Schwartz, 2003). The theory of universal human values (UVT)
by Schwartz is an established theory in social psychology that aims at capturing an individual’s values. It was developed and validated through surveys in 67 nations (Schwartz,
2003). Schwartz’s theory identifies 10 basic human values that derive from three universal
human needs: social interaction, biological needs, and survival needs of groups. These 10
basic human values map onto four higher-level value dimensions: 1) self-enhancement
(concerned about oneself); 2) self-transcendence (concerned about others’ well-being);
3) openness to change (readiness for change) and; 4) conservationist (preservation of the
current status and resistance to change) (Schwartz, 2003, 2006). This theory focuses on
understanding individual people instead of national cultures (Schwartz, 2003). Human
values, specifically Schwartz’s values, have shown to be predictive of participation decisions in online contexts (Chen et al., 2014; Boyd et al., 2015; Mukta et al., 2016; Esau,
2018; Hsieh et al., 2014). Moreover, Schwartz’s theory has been validated in several domains and in dozens of different countries (Maio, 2016, p. 53-59).
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Figure 2.1: Schwartz’ Human Values circumplex (redrawn from (Schwartz, 2003))
As depicted in Figure 2.1, the circumplex structure in Schwartz’s values theory indicates
the strengthening and suppressing dynamics between values. For example, the closer the
values are to one another, the more similar their underlying motivations are. Moreover,
the activation of a value has a strengthening effect on neighboring values (known as the
bleed-over effect). Further, values on opposing sides of the circumplex tend to suppress
each other (known as the see-saw effect) (Holmes et al., 2012). Below, we introduce these
four values’ dimensions:
• Openness-to-change includes two basic human values related to independence and
excitement: a) Stimulation, to pursue excitement, novelty, and challenge in life;
and b) self-direction, to pursue independent thought and action, choosing, creating,
exploring.
• Self-transcendence includes two basic human values related with altruism: a) universalism, to pursue understanding, appreciation, tolerance, and protection for the
well-being of everyone and for nature; and b) benevolence, to pursue the preservation and enhancement of the welfare of the people we know.
• Conservation includes three basic human values related to stable practices in life:
a) tradition, to pursue respect, commitment, and acceptance of traditional practices
aligned with culture or religion; b) conformity, to pursue restraint of actions, inclinations, and impulses likely to upset or harm others and violate social expectations
or norms; and c) security, to pursue safety, harmony, and stability of society, of
relations, and of self.

2.3 Human Values, Motives and Digital Behaviors

29

• Self-enhancement include three basic human values related with self-realization:
a) power, to pursue social status and prestige, control or dominance over people
and resources; b) achievement, to pursue personal success through demonstrating
competence according to social standards and, c) hedonism, to pursue pleasure and
sensuous gratification for oneself.

Prior research has shown the relationship between between people’s values and their corresponding actions and behaviors (see, for example, (Crompton, 2010; Seddig and Davidov, 2018; Kingston, 2016; Bardi and Schwartz, 2003). It is argued that people feel
a sense of fulfilment when their actions are aligned with their most important values
(Rokeach, 1973). This causes a conscious and/or unconscious pursuit for consistency
between values and behavioral choices (Bardi and Schwartz, 2003; Crompton, 2010). Often, values are grouped as intrinsic and extrinsic (Crompton, 2010, pg. 77). Intrinsic
values represent values related to caring about issues bigger than the self (e.g., benevolence) and the extrinsic values are those related to individual self-enhancement (e.g.,
power). However, it has been debated whether this grouping is an oversimplification of
values (Foundation, 2014), because some values may be seen as neither intrinsic nor extrinsic (such as security) and the binary grouping gives the mistaken impression of one
being better than the other. SDT can offer some insights to inform this debate.

2.3.2

Human Values and Online Behavior

Traditionally human values have been studied in several domains including social psychology (Schwartz, 2006; Maio, 2016; Bilsky et al., 2011) and political sciences (Feldman, 2003). More recently, however, scholars in computing-related research areas such as
human-computer interaction and software engineering have started centering this theory
in their studies. For instance, the value-sensitive design approach (Friedman and Hendry,
2019) uses human values to guide the design decisions of technology creators and; the
values-first software engineering approach (Ferrario et al., 2016) studies how values affect software production (Winter et al., 2018).
Further, social computing studies have evidenced that human values can predict and explain online behaviors (Chen et al., 2014; Boyd et al., 2015; Mukta et al., 2016; Esau,
2018; Hsieh et al., 2014). These studies have revealed that personal values can be identified from language narratives (See for example: publication III and (Boyd et al., 2015;
Esau, 2018)) online content (Chen et al., 2014) and digital interactions (Mukta et al.,
2016; Kalimeri et al., 2019). For example, a study showed that words used on Reddit
forums were indicative of personal value orientations (Chen et al., 2014), while another
study showed how digital interactions on social media can be predictors of human values
(Mukta et al., 2016). Moreover, prior work has shown how human values can predict
topical interests when reading online content (Hsieh et al., 2014).
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The Self-Determination Theory

Self-determination theory (SDT) (Ryan and Deci, 2000b) is a macro-theory of motivation
with a number of empirically testable instruments that have been widely validated across
varied contexts, such as learning (Ryan and Deci, 2000a), gaming and game design (Tyack and Mekler, 2020), and online peer production (Benkler, 2011). The theory addresses
the source of underlying needs that give rise to activity, such as autonomy (control over
one’s goals and actions), competence (sense of mastery at tasks and/or new learning), and
relatedness (experiencing a sense of social belonging), acknowledging that support and
nutriments from the social context of the environment are sought to satisfy growth development (Ryan and Deci, 2000a,b, 2017).
According to the SDT, motivations fall along a spectrum from intrinsic to extrinsic according to the level of self-determination (see Figure 2.2), where intrinsic motivations
are inherently pleasing (e.g., reading for pleasure), while extrinsic motivations lead to an
external reward (e.g., reading to do well on an exam). A benefit of the SDT is that it
untangles the binarity of prior understandings of motivation by evidencing the existence
of six types of motivations that fall along a spectrum from intrinsic to extrinsic (see Figure 2.2). Intrinsic motives have often been emphasized as key to sustaining engagement,
whilst extrinsic motives have often been disregarded due to the assumption that they lead
to resentfulness or disinterest (Ryan and Deci, 2000b).

Figure 2.2: The spectrum of motivation according to the self-determination theory. (redrawn in a vertical form from (Ryan and Deci, 2000b))
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SDT has evidenced that not all extrinsic motivators are the same; rather, they have varying
degrees of internalization and integration, where internalization refers to the process of
taking a value as one’s own, and integration refers to the process by which individuals
come to think of an externally motivated task as self-enforced. As extrinsic motivations
are internalized, they move upwards in the continuum towards intrinsic motivation. Thus,
while some extrinsic motivations could lead to resentment, others are positively motivating and can drive people to perform tasks willingly and enthusiastically, so long as these
extrinsic motivators are self-enforced and autonomous. The following list presents the
scale of motivations as defined by Ryan and Deci (2000a):

1. Non-regulation, which describes lacking the intention to act, not feeling competent,
and believing that acting will not yield the desired outcome.
2. External regulation, which describes actions performed to satisfy a demand or externally imposed reward (e.g., my friends would be angry with me if I quit using
Twitter).
3. Introjected regulation, which describes actions performed due to pressure, to avoid
guilt, or to enhance ego, self-esteem, and/or self-worth (e.g., I would feel guilty if I
quit using Fitbit).
4. Identified regulation, in which the goal is of personal importance, so activities conducted are accepted as one’s own (e.g., Using Excel to keep track of expenses).
5. Integrated regulation, in which activities are fully assimilated to the self. These
motivations share qualities with intrinsic motivation but are extrinsic because they
are still conducted for an outcome that is separate from the behavior, even though
it is valued by the self (e.g., using Twitter to keep apprised of current work in my
field).
6. Intrinsic regulation, in which behavior is completely self-determined and, in contrast to extrinsic motivation, not a means to an end but rather pursued for its own
sake. Intrinsically motivated behavior is sustained by the experience of interest and
enjoyment.
Studying motivations provides key insights into why people freely devote their time and
energy to volunteer projects. Benkler (2011) argues that participation in user-driven enterprises, like digital citizen science, is because humans are largely selfless—- and while
self-interest is a factor— people are driven to social and collaborative production. This
argument makes the self-determination theory particularly compelling, as it focuses on
the source of people’s motivations, whether internal or external, rather than on individual motivations. Further, in providing a spectrum of motivations along a continuum from
intrinsic to extrinsic, SDT provides a level of detail that cannot be derived when using a
binary, intrinsic/extrinsic approach.
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Connecting Values and Motivations

In 2017, new findings in values research noted that “value instantiations” were the bridge
between abstract values and specific actions (Hanel et al., 2017). Researchers observed
that even if the same level of importance is attributed to value, different people may perform different actions for a specific value. This was attributed to the differences in contexts and personal experiences across the world (Hanel et al., 2017).
Recent research studies conceptualize human values as mental constructs that can be studied on at three different levels (Maio, 2016; Winter et al., 2018) (See Figure 2.3): System
(L1), represented by a model of values relationships, extensively tested by empirical research (Schwartz et al., 2012); Abstract (L2), related to personal interpretations of each
value; and Instantiation (L3), the actual behaviours driven by different values.

Figure 2.3: Levels of Human Values as Mental Representations by (Winter et al., 2018),
with permission
In this study, we acknowledge the feedback relationship between actions, motivations,
and values (See Figure 2.4) and see motivations as — highly contextual and temporal —
value instantiations that drive actions (Hanel et al., 2017; Maio, 2016).

Figure 2.4: Feedback relationship between values, motives, and actions (combined three
figures from (Hanel et al., 2017, p.176),(Palacin-Silva, 2018, p.4) and (Knowles, 2013b,
p.103)
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Research Design and Methods
“Research is the creative and
systematic work undertaken in order to
increase the stock of knowledge —
including knowledge of humankind,
culture, and society — and to devise
new applications of available
knowledge”
(OECD, 2015, pg. 44)

This chapter details the research approach of this dissertation. The motivation of this research is presented in 3.1 through the research gap and research questions. The overall
philosophies that guided the work are described in sub-chapter 3.2. The research approach is detailed in sub-chapter 3.3. Lastly, the chapter ends with sub-chapter 3.4, which
focuses on the ethical considerations of this research.

3.1 Research Gap
Beyond the best-known digital citizen science platforms, medium-sized local digital citizen science initiatives face numerous challenges to sustain participation among their
volunteers (Foody et al., 2017; Jennett and Cox, 2018; Orchard, 2019). This has motivated numerous studies in two main areas: 1) investigations into people’s motivations
to engage in citizen science initiatives (Jackson, 2019; Curtis, 2015; Jennett and Cox,
2018; Reed et al., 2013; Rotman et al., 2012; Orchard, 2019; Iacovides et al., 2013);
and 2) the design of incentive mechanisms to support people’s engaged action (Restuccia et al., 2016; Jaimes et al., 2015). Yet, the former relies on self-reported data (e.g.,
surveys), thus missing the link between self-reported motives and concrete actions. The
latter functions on the assumption that reward-centric mechanisms (e.g., monetary incentives) may enhance participation, although the effectiveness of such mechanisms has
been proven to undermine sustained participation in volunteering initiatives (Crompton,
2010; Knowles, 2013b). This context motivated the main research question of this thesis,
What drives participation in digital citizen science? The following four research subquestions helped answer the main question:
RQ1: What are the current practices and challenges in digital citizen science?
RQ2: How does the design of processes, tools, and incentive mechanisms impact participation in digital citizen science?
RQ3: What motivational factors sustain participation in digital citizen science?
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Research Philosophy

This dissertation belongs to the field of HCI. This is an academic and design discipline that
focuses on the design of technology and, in particular, in the interaction between humans
and technologies (Interaction Design Foundation, 2020). This field incorporates the study
of multiple disciplines, such as computer science, cognitive science, ethnography, and design (Carroll and Kjeldskov, 2013; Dix, 2020). Given the multidisciplinarity of HCI, this
field inherits the dominant epistemologies of the disciplines that comprise it, such as the
post-positivist epistemology of cognitive psychology and the constructionist perspective
of designers and ethnographers. As a result, it is common that HCI researchers adopt an
objective perspective for one project and a constructionist perspective for another (Brey,
2005).
This work is exploratory in nature (Dix, 2020, p.9), as it first focused on understanding
the motivation of volunteers in digital citizen science in different stages from extant literature (publication I). This was followed by explorations on how to design digital citizen
science tools that foster different types of participation (publications II and IV) and indepth observation of sustained participation in outstanding digital citizen science projects
(publication III). This allowed the researcher to observe the phenomena, design interventions and objectively measure the effect of those design decisions onto human-computer
interactions. As a result, knowledge has discovered some stages and constructed at another.

3.3

Research Approach

This research argues that to foster sustained participation in digital citizen science, the underlying human values must be taken into account when designing and evaluating associated initiatives, incentive mechanisms, and technological tools. This work has developed
contributions related to: participation in digital citizen science, incentive mechanisms and
values’ orientations through a 1) critical analysis of literature and practice reports, 2) case
studies, and 3) localized action research interventions.
The research approach consisted of four stages (Figure 3.1), using qualitative and quantitative methods to complement one another. The qualitative methods included interviews,
workshops, focus groups, and surveys with open-ended questions. The quantitative methods included usage data logging, data models (logistic and negative binomial regressions),
and scale-based questionnaires. The data collection was conducted during the years 2015
– 2018. A total of 299 individuals participated in the studies (41 in publication II, 15
in publication III and 243 in publication IV). Publication I analyzed 70 papers in depth.
Publication II analyzed 82 survey responses and 304 data logs regarding submissions.
Publication III collected 15 interviews and analyzed 1517 units of meaning. Publication IV analyzed 149 survey responses, 20 workshop notes, 15 interviews (individual and
focus groups), 300 data logs regarding submissions, and 5014 interactions logs.

3.3 Research Approach

Figure 3.1: Research Approach Overview
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The understanding of motivation advanced with the research work. In the beginning,
motivation was extracted from literature and practice reports (publication I), then it was
operationalized and explored through empirical observation in an in-the-wild experiment
(publication II). This led to an examination of different theories on social psychology
with regard to the motivations of volunteers in computer-mediated contexts. These theories were then used as a framework to explore the motivations of long-term volunteers
in digital citizen science (publication III). Finally, a long-term intervention was designed
(publication IV) to understand how higher agency in technology design impacts participation and factors such as human values sustain participation (sub-chapter 4.2).
The following sections summarize each research stage, including an overview of its methods for data collection and analysis, participants, and research processes. Appendix I contains the informed consents and instruments used in these studies.

3.3.1

Stage 1: Understanding the current state of practice in digital citizen science

The first stage aimed at understanding the current state of practice in digital citizen science. For this purpose, a systematic literature review was performed to map the practices,
trends, and challenges of citizen observatories globally; for this, the study reviewed the
last 10 years of citizen science literature. This resulted in the study of 108 digital citizen
science projects extracted from a literature corpus of 70 articles (publication I).
• Procedure and methods: The overreaching methodological approach of this study
was thematic analysis (TA), which is “a method for identifying, analyzing and reporting patterns (themes) within data” (Braun and Clarke, 2006). The study consisted of five phases: phase 1. familiarization with the data; phase 2. generating
initial codes; phase 3. searching for themes; phase 4. reviewing themes and; phase
5. defining and naming themes, and sub-themes.
• Data collection: The objective of this article was to find literature reporting digital
citizen science initiatives and to identify, analyze, and report their trends, practices,
and challenges. Moreover, systematic review techniques (Kitchenham, 2004; Keele
et al., 2007) were used as part of the TA phases to select relevant literature as the
data source for the thematic analysis. This is because conducting a systematic literature review is a logical first step when beginning to research a new area, particularly
for doctoral students, who are seeking to become experts in a research field (Keele
et al., 2007).

3.3 Research Approach
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Stage 2: Exploring the design of digital citizen science tools and incentive
mechanisms

Stage two aimed at understanding how digital incentive mechanisms impact participation
in digital citizen science. For this, an exploratory experiment that investigated the impact
of a digital incentive mechanism (gamification) on user engagement in a digital citizen
science platform was designed. Publication II contains the details of this research stage.
• Procedure and methods: This study designed an in-the-wild experiment with two
versions (gamified and non-gamified) of a digital citizen science mobile application
to monitor lake ice coverage. This tool was deployed with 41 participants for 3
weeks. Digital participation was observed through user engagement and user experience variables, which were measured by quantitative indicators (engagement:
involvement, activeness, and dropout; user experience: effectiveness, learnability,
and satisfaction). Nonetheless, it is important to highlight that an indicator like engagement has a wider meaning in other contexts (Wohlin et al., 2012).
Gamification elements were chosen as digital incentive mechanisms. Because gamification techniques are well documented and are appropriate for online activities
such as digital citizen science. In addition, there had been calls for rigorous empirical studies to be performed to better understand the effects of gamification (Dicheva
et al., 2015; Hamari et al., 2014; Nacke and Deterding, 2017; Seaborn and Fels,
2015; Van Roy and Zaman, 2015) in different contexts. Hence, there was an opportunity to address a research gap in the field of gamification while studying digital
citizen science.
The study was designed following the guidelines of Wohlin et al. (Wohlin et al.,
2012). Where the independent variable was gamification elements and the dependent variables were a) engagement and b) user experience. Hypotheses were formulated in order to understand the effects of gamification on the dependent variables.
• Participants: The selection of participants followed a non-probabilistic convenience sampling where invitations to participate were sent to university students
through mailing lists. A total of 41 volunteers (a person who carries an activity
without being paid) signed up to participate in the experimental study, which took
place from 24 March to 12 April 2017 (20 days). After signing an informed consent
agreement, the participants were randomly divided into two groups: a) the control
group (20 participants) received a non-gamified application and, b) the experimental group (22 participants) received a gamified application.
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• Data analysis: The source data for this study came from the application usage
logs and pre- and post-questionnaires. Given the participant pool size, the independence of the test groups, and the ordinal and non-normal nature of the data set, the
Mann-Whitney U test (Wohlin et al., 2012) — a nonparametric test for independent
samples — was used to calculate the statistical significance of the data sample and,
thus, reject or accept the null hypothesis. Also, to protect from Type I error, a Bonferroni correction (Dunn, 1961) was conducted.
The pre and post surveys were designed to collect quantitative and qualitative data
regarding the perception and experience of the participants during this study. Standardized questionnaires such as the systems usability scale (Brooke and others,
1996), the IBM computer usability satisfaction questionnaire(Lewis, 1995), the
user acceptance of information technology scale (Venkatesh et al., 2003), and perceived playfulness questions (Venkatesh, 2000) were included in the pre- and postquestionnaires. The overall data collected was participants’ demographics and environmental interests and perceptions regarding user experience, usage habits, gamification features, enjoyment, and playfulness.

3.3.3

Stage 3: Understanding how motivational factors impact sustained participation in digital citizen

This stage aimed at understanding what motivates sustained participation in successful
digital citizen science projects? Since this required an in-depth explanation of an ongoing
social phenomenon, a case study approach (plan, design, prepare, collect analyze, validate, and share) was selected (Campbell, 2018). Publication III contains the details of this
research stage.

• Procedure and methods: This stage focused on two case studies, Safecast and
Järviwiki. The criteria to select these cases was their national reach (Finland and
Japan), their use of technologies for data collection, and their achievement sustaining participation for over eight years. This was, therefore, an exploratory multiple
case study with multiple embedded units of analysis (Campbell, 2018). The analysis (See Figure 3.2) used qualitative data from semi-structured interviews with
long-term volunteers and involved three coders. The results emerged from two thematic analysis rounds guided by codebooks grounded in theories and prior studies.
• Participants and data collection: A total of 15 active volunteers (Järviwiki: 8,
Safecast: 7) signed up for this study. Interviews were conducted between January
and April 2018. All communications — including emails, surveys, and interviews
— with the participants were held in their native languages (Japanese, Finnish, or
English) and translated after data collection. The nature of the interview with the
volunteers was semi-structured and each interview lasted an average of 45 minutes.

3.3 Research Approach
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Figure 3.2: Overview of Data Analyses (Taken from Publication III (Palacin et al., 2020b),
with permission
The questions and probes were organized into five major sections: participant portrait, initial motivations, motivations to stay, motivations to leave, dreams.
• Data analysis: The approach to data analysis followed a coding process based on
the identification of units of meaning (UoMs = 1517) in relation to a priori concept
of interest (human values and motivations) defined within a codebook (Boyatzis,
1998; Campbell et al., 2013). To improve data capture and consistency, we utilized
two rounds of coding to allow for the contextualization and refinement of codebook
definitions (Campbell et al., 2013). Two independent coders were involved in each
analysis, and the inter-rater scores (Krippendorff’s alpha) were measured to ensure
reliability (Krippendorff, 2011).
3.3.4

Stage 4: Exploring the co-design of digital citizen science tools and its impact
on participation

The fourth stage aimed at collecting and analyzing data to investigate the link between human values and online participation in a digital citizen science intervention. The context
of this stage is set by a case of a year-long local initiative in Lappeenranta, Finland, which
involved the co-designing and deployment of digital citizen science tools for environmental monitoring with locals, researchers, community organizations, and decision-makers.
The SENSEI initiative engaged a total of 243 participants, who generated over 100 ideas
concerning issues of shared interest, 28 civic tech prototypes, and collected over 300 environmental observations. Publication IV presents the details of the case study, and chapter
4.2 in this thesis contains the data analysis of the behavioral exploration.
• Procedure and methods: An in-the-wild deployment of SENSEI was studied
through the lense of the human values theory to understand online participation
in a digital citizen science case. The study was designed to explore human values
at three levels: L1) universal, through the use of the Schwartz values instrument
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to map the participants’ value orientations; L2) personal, through the analysis of
interviews, open surveys, and focus groups; and L3) behavioral, through quantitative models such as logistic regressions8 and negative binomial regressions9 based
on usage logs. The Bejamini-Hochbergh False Discovery Rate (FDR) procedure
(Benjamini and Hochberg, 1995) was applied to control and correct the results from
the models.
• Participants: At this stage, the behavior of 85 volunteers was studied, they were
either full-time participants or drop-outs (partial participants) in the SENSEI initiative. The participants were 7 to 85 years old, who identified themselves as female
(37) and male (48). Breaking this down further, there were 44 participants between
25 and 34, and 14 between 35 and 44, showing that young adults make up most of
the sample.
• Data analysis: This stage used the quantitative and qualitative data sources to explore human values at three levels: universal, personal, and behavioral (Maio, 2016;
Winter et al., 2018):
– L1: Universal level. In order to map the participants’ value orientations,
the responses to the PVQ-21 survey were analyzed (N=85). The incomplete
and inconsistent responses (more than 5 missing on the 21 value items, and
those who have given the same answer to more than 16 of the 21 value items)
(Schwartz, 2016a) were removed through standard quality checks, leading to
83 valid responses. Reliability analysis (Cronbach’s alpha, see table 3.1) was
run to evaluate the extent to which the indexes measure each value dimension
that underlies all of its items. the value of tradition did not pass the Cronbach
alpha cutoff (See Table 3.1), but the value dimension of conservation did. In
order to minimize the possible effect tradition may have onto the other values
that are part of the dimension (security and conformity). The dimension of
conservation is always presented detailing the effect of each value part of it
onto the dependent variables10 . The individual scale usage differences were
then corrected by calculating the absolute value scores into scores that indicate
the relative importance of each value in the individual’s whole value system.
The centered scores were then used for the quantitative models.
8

The logistic regression is used to model the probability of certain event existing such as participate/dropout or pass/fail given the particular value of a predictor variable (Sommet and Morselli, 2017)
9
The negative binomial regression is a type of generalized linear model in which the dependent variable
is a count of the number of times an event occurs (Zwilling, 2013).
10
“It is common that some of the internal reliabilities of several PVQ-21 indexes can be relatively low.
Because; 1) the items in the indexes are constructed and selected to cover the different conceptual components of each value, not to be nearly redundant measures of a narrowly defined concept and, 2) each index
includes only two or three items. With so few items it is virtually impossible to obtain high alphas unless the
items are very similar to one another. Considering the small number of items used to measure each of the
ten values and their necessary heterogeneity, even reliabilities of 0.4 are reasonable” (Schwartz, 2016b)
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– L2: Personal level. Qualitative data sources from 15 interviews (total 240
minutes), responses to open questions in online surveys (N = 149), and one
focus group session, were analyzed to understand the individual meanings of
human values. Thematic analysis was used as the approach to data analysis,
which is a “qualitative research method for identifying, analyzing, and reporting patterns (themes) within the data” (Braun and Clarke, 2006, p.79). It
begins with a row-by-row coding process and the outcome is a set of themes
that describe the phenomena under study and their relationships. We analyzed responses to questions “Why did you join the environmental monitoring initiative?” and “What do you expect from this initiative?”. We generated expectation- and motivation-based codes inductively and used the theorybased codes from the values theory (Schwartz, 2006).
– L3: Behavioral level. The quantitative methods were aimed at understanding
the effects of the human value dimensions onto participation in the SENSEI
initiative and the use of the SENSEI mobile app. These analyses enabled the
author to see how the manifestation of the concrete representation of human
values among the participants (L3). Two methods were utilized to explore
the relationships between those variables. First, logistic regressions were employed to understand participation types. Second, negative binomial regressions were used to understand the effect of these value dimensions on the use
and interactions of participants.
∗ Logistic regression was used to analyze whether a participant stayed as
part of the initiative, which is a type of generalized linear model (GLM)
that assumes that the dependent variable is binary (Allison, 2009; Osborne, 2014). The dependent variable is a function of the probability that
the predicted variable will be in one of the categories (coded as participation = 1; drop-out = 0). Instead of coefficients, like in linear regression, the effect of independent variables is often reported as conditional
probabilities and as odds ratios. Odds ratios enable a comparison of the
relative odds of the occurrence of the outcome of interest (e.g., participation) (Norton and Dowd, 2018). For example, an odds ratio of two
would mean that for each increase of an independent variable, the dependent variable would be twice as likely to occur. Logistic regression uses
the maximum likelihood estimation and is a non-parametric technique. It
does not require homoscedasticity, but does require the independence of
observations, and independence of errors as well as assumes a linear relationship between the dependent and independent variables. For logistic
regression, there is no simple, substantively interpreted measure of overall model fit such as R2 (Osborne, 2014). Instead, a chi-square test is used
for the overall model significance and the Wald test for the significance
of independent variables (Osborne, 2014).
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∗ Negative binomial regression was used to analyze the digital interactions.
This model is a type of GLM explicitly designed to model count data
(Allison, 2009). The count variable is a specific case of variables that express the number of something, such as the number of interactions, or the
increasing number of participants. These variables are always discrete,
have values of zero or above, and have often highly skewed distributions.
We selected the negative binomial over Poisson regression to counter the
potential effects of over-dispersion. In addition to regression coefficients,
the effect of independent variables in negative binomial regression is often reported as Incidence Rate Ratios (IRR). IRR functions in a manner
like the odds ratio, thereby reporting the probability of an increase to the
dependent count variable. As a GLM, negative binomial regression has
similar assumptions and validity testing as logistic regression.
Table 3.1: Participants Values’ Orientations (Pearson’s correlation significance * = 0.01;
**= 0.05). This table shows the significance, mean, standard deviation, and correlation
of the participating volunteers’ value dimensions. The correlation coefficients ranged
from moderate to strong strength, while moderate standard deviations indicate a healthy
spread of values across our participants. The correlations support the circumplex theory
structure between values, i.e. the opposing relationship between self-transcendence and
self-enhancement (corr = -.11) and the proximity between openness-to-change and selftranscendence (corr = .45).
Correlation
3 OTC 4 CON
.451** .307**
.257*
.068

Value Dimension

Cronbach α

Mean

Std Dev

1. Self-Transcendence
2. Self-Enhancement
3. Openness to
Change
4. Conservation

.730
.851

5.04
3.67

.65
1.1

2 SE
-.113
-

.758

4.65

.71

.257*

-

-.028

.635

4.02

.72

.068

-.028

-

3.4 Research Ethics

3.4

43

Research Ethics

This study followed the ethical principles of research, as advised by the Finnish research
ethics authority TENK (Finnish Advisory Board on Research Integrity, 2012). This implied that the principles that guided this work include 1) respect for the autonomy of
subjects, 2) avoidance of harm and, 3) privacy and data protection. Also, this research
was conducted in alignment with the European GDPR (General Data Protection Regulation) (European Parliament, 2016), which came into force during the time of this doctoral
research.
Prior to the data collection, all study participants were informed about the study’s goals,
data collection, and handling procedures (i.e., anonymization), and received the research
results. Publications III, IV received the ethical approval of the LUT University ethics
board. Publication II was waived of the ethical review, but still provided informed consent
to participants and fulfilled follow-up reciprocity rules (like sharing the research results
with the participants). Appendix I contains the informed consents and instruments used
in these studies.
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4

Explorations on Participation in Digital Citizen Science

This chapter presents an overview of the research studies conducted as part of this dissertation. This thesis is based on four publications and sub-chapter 4.2. In this section,
each of these publications is discussed in brief, synthesizing their background, objectives,
main contributions and relation to the entirety of the dissertation. The following summaries are a synthesis of each publication; for more detailed discussions, one must refer
to the original full publication.

4.1
4.1.1

Overview of the Publications
Publication I: Shut up and take my environmental data! A study on ICT
enabled citizen science practices, participation approaches, and challenges

Background and objectives
The findings in this article are part of a larger research study conducted by Victoria Palacin
during 2015-2016 (Palacin-Silva et al., 2016) for the Finnish Environment Institute. This
larger study sought to map the practices, trends, and challenges of citizen observatories
worldwide, for this, the study reviewed the last 10 years of citizen science literature and
carried surveys and interviews with key stakeholders. However, this state-of-the-art study
is lengthy and contains over a hundred pages; hence, the authors decided to summarize
its key results in relation to this dissertation through this publication.
Digital citizen science has been actively supporting citizen-driven data collection for a variety of purposes including scientific research and crisis communication (Bourgeois et al.,
2014; Goldman et al., 2009; Gharesifard and Wehn, 2016), whilst serving as means for
inclusive engagement, education, and public outreach (Bonney et al., 2009; Hand, 2010;
Dickinson et al., 2012). However, despite the outstanding success of these monitoring initiatives, there had been a limited attempt to study their day-to-day practices and their link
with technology. This motivated the present study at the time, which had the following
objectives: 1) to identify, analyze, and report trends, practices, and challenges in digital citizen science projects and, 2) to identify, analyze, and report volunteering practices,
motives, and challenges. The overreaching methodological approach of this study was
a thematic analysis (TA) with systematic review techniques (Kitchenham, 2004; Keele
et al., 2007) for data collection.
Results and main contribution
The contributions of this article are two-fold. First, this study systematically reviewed
practices, trends, and challenges of 108 digital citizen projects mentioned in 70 academic
articles. Second, it illustrated the different forms of participation in digital citizen science
through a framework. The key findings in this study include the following aspects:
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Monitoring domains: This study classified the purpose of 108 digital citizen science projects into 8 types of domains: a) water, streams, snow, and
sea; b) biodiversity, c) air and spectrum,
d) global monitoring, e) city management issues, f) disasters, and g) tools
for creating monitoring projects from
scratch.
Technology use: The spectrum of technologies utilized for data collection among
the studied projects were linked with
the levels of human interaction they
require to capture data (See Figure
4.1).
Data collection: This spectrum of technologies (See Figure 4.1) reflected the Figure 4.1: Spectrum of Data Collection
known modes of data collection (oppor- Tools (Redrawn from Publication I (Palacintunistic and participatory) (Cohn, 2008; Silva and Porras, 2018)
Tangmunarunkit et al., 2015). Our findings
indicate a steady rise in the use of opportunistic data collection approaches (which use mostly automated means) since the 2000s
among the studied projects (See Figure 4.2).

Figure 4.2: Methods Used for Data Collection in The Studied Projects (Redrawn from
Publication I (Palacin-Silva and Porras, 2018)
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Motivations to Participate: Six reasons for why participants joined the studied projects
were identified: i) drive to change, ii) understand data benefits, iii) self-interest, iv) tangible gains, v) social recognition, and vi) challenge in life.
Volunteer Participation: The different forms of volunteer participation in digital citizen
science were illustrated through the “palette of participation”, (presented in Figure 4.3).
Each tone represents a participatory approach, all of which are conceived as equally important; hence, there is lack of hierarchy in the palette. All forms of participation are
understood to be temporal and context-based.
In this palette, a person as a data consumer uses digital citizen science services but does
not contribute to monitoring; a person as a data provider is a person who actively provides
data by using apps or sensors; a collaborator is a person who works along scientists or
decision-makers to design, improve, and disseminate a monitoring initiative; a co-creator
defines the monitoring priorities according to their own perception (then, these opinions
are weighted by decision-makers to define monitoring initiatives); finally, a person in control leads a campaign to monitor and improve an issue of common interest.

Figure 4.3: Palette of participation in digital citizen science projects taken from Publication I (Palacin-Silva and Porras, 2018), with permission (This palette was improved in
later publications, see Figure 4.12 for the latest version)
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Practices: This study found 17 common practices (See Table 4.1) across the sub-themes
of (i) technology-intensive practices, created to facilitate the collection, analysis, and dissemination of data; and (ii) engagement-driven practices aimed to combine strategies to
locate and motivate observers. Along these lines, five categories of stakeholders were
identified in the studied projects according to their activities (citizens, academy and government, nature enthusiasts, households, and developers). This was used as a basis to
illustrate a socio-technical vision of a digital citizen science initiative at that point in time
(See Figure 4.4).
Table 4.1: Common Practices Among the Studied Digital Citizen Science Projects (from
(Palacin-Silva et al., 2016))
Technology Intensive Practices

1.
2.
3.
4.
5.
6.

Real time visualization
Observatory component based
Opportunistic data collection
Provide training material
Provide technology
Data aggregation

Engagement Driven Practices
1. Co-Creation
2. Feedback from observations
3. Gamification
4. Identify stakeholders and their
motivations
5. Participatory data collection
6. Environmental campaigns in public
spaces
7. Interest-based observatories
8. Involve decision-makers
9. Open data for engagement
10. Measure motivation
11. Set common protocols for observers

Figure 4.4: Socio-technical illustration of a digital citizen science project
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Challenges: Nine themes were identified as challenges that were faced in the studied
projects included issues related with:
1. Sustained participation; The target stakeholders are not always ready for start contributing and often abandon the initiatives soon after their start.
2. Data aggregation; Information is obtained when multiple sources of information
are combined. Hence, aggregating data from monitoring applications is important
yet challenging due to the multiple data formats, metadata anthologies and data
structures
3. Quick changes/advancements in technology; Devices’ size, weight, reliability, power
consumption limitations, calibration and configuration constraints pose a challenge
to the studied projects. In addition to the lack of systematic/automatic methods to
reject false and spam observations.
4. Lack of standardization; there is a current lack of reusable methods or frameworks
for creating new digital citizen science platforms. Also there is a lack of standards
for inter–communication among monitoring platforms due to semantic discrepancies. In addition to a lack of systematic or automatic means for evaluations of large
data sets.
5. Limited technical knowledge; projects face issues because of the lack of knowledge
about how to build and maintain technically a monitoring application.
6. Limited resources; The development of a digital citizen science platform tends to
have limited resources that are mostly spent during the initial phases, creating a
debt for the monitoring and maintenance phases.
7. Privacy issues; Understanding the concerns of stakeholder’s regarding the ownership and use of their data is fundamental from the start of a monitoring project.
Adequate technologies should be used to capture the volunteers’ concerns and preferences regarding their data.
8. Balancing fair recognition for contribution; There is a need for more social fairness
when it comes to digital citizen science to avoid the exploitation of people.
9. Data accessibility and maintainability; Publishing raw data is not sufficient, stakeholders should be able to access, explore and analyze relevant information (extracted from raw data) in a simple and transparent fashion.
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Relation to whole
This work concluded that even when
the underlying technology is still in an
evolving stage, digital citizen science
had already shown its great potential,
not only as a tool for people to collect data but also as a vehicle for engaging a large public community in resolving social and environmental challenges. However, the success of digital citizen science initiatives relies heavily
on sustained participation and the computational capacity to extract patterns from
the data that is collected. This trans- Figure 4.5: Posterior research stages linked
lates into a need for interdisciplinary stud- to the palette of participation from publication I
ies.
Publication I was the basis for this thesis work, as shown in Figure 4.6. Its results enabled
the researcher to understand the state-of-the-art on digital citizen science, their practices,
and challenges. Specifically, this study identified that studying the participatory behaviors
in digital citizen science tools, was a research opportunity. The following stages explored
participation types according to the palette framework developed in this stage (as shown
in Figure 4.5).

Figure 4.6: Relationship of Publication I with the Dissertation
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Publication II: The Role of Gamification in Participatory Environmental Sensing: A Study In the Wild

Background and objectives
Despite the widespread popularity of digital citizen science, the link between motivations
and digital actions in the context of digital citizen science remains unclear (Massung et al.,
2013) and so is the role of gamification (Ross, 2011; Massung et al., 2013; Knowles,
2013a). Gamification is the application of game-like elements to non-game environments
(Deterding et al., 2011). It is a technique with a solid theoretical basis for impacting
human behavior (Seaborn and Fels, 2015). Approaches that utilize certain elements of
gamification have been shown to increase user motivation and engagement in a variety of
environments (Seaborn and Fels, 2015), including participatory sensing (Morschheuser
et al., 2016).
However, it is still not clear how well gamification works and in which digital citizen
science contexts (Dicheva et al., 2015; Hamari et al., 2014; Nacke and Deterding, 2017;
Seaborn and Fels, 2015; Van Roy and Zaman, 2015). For example, in digital citizen science, gamification has been used to encourage (Mason et al., 2012; Massung et al., 2013;
Liu et al., 2011) and improve (Witt et al., 2011) participation. The results in these studies were either positive (Liu et al., 2011) or inconclusive (Mason et al., 2012; Massung
et al., 2013; Witt et al., 2011). Therefore, there had been calls for rigorous empirical
studies to be performed to better understand the effects of gamification (Dicheva et al.,
2015; Hamari et al., 2014; Nacke and Deterding, 2017; Seaborn and Fels, 2015; Van Roy
and Zaman, 2015). For these reasons, we conducted a user study in-the-wild. This study
sought to observe the effects of gamification on user engagement and user experience in
the context of a digital citizen science intervention. We defined two hypotheses in order
to fulfill the study aim:
1) Hypothesis for Engagement Variable:
• Null hypothesis H01 : The use of gamified elements in a lake monitoring application
produces equal or less user engagement than a non-gamified application.
• Alternative hypothesis H02 : The use of gamified elements in a lake monitoring
application produces a greater user engagement than a non-gamified application.
2) Hypothesis for User Experience Variable:
• Null hypothesis H02 : The use of gamified elements in a lake monitoring application produces the same or worse user experience as with a non-gamified application.
• Alternative hypothesis H12 : The use of gamified elements in a lake monitoring
application produces a better user experience than a non-gamified application.
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Results and main contribution
The user study involved 41 volunteers, who monitored ice coverage of sub-arctic lakes,
by using two versions (gamified and non-gamified) of a bespoke mobile app. In total, this study analyzed 304 applications usage logs and 82 responses to pre- and postquestionnaires. The main contribution of this paper are the following insights regarding
the role of gamification in digital citizen science:
In terms of user engagement, we find that adding gamification to an environmental monitoring application significantly increases participants’ involvement and activeness levels
in digital citizen science. However, the dropout rate was similar in both applications.
Given this result, the null hypothesis is rejected and the alternative hypothesis is accepted
“H11 : The use of gamified elements in a lake monitoring application produces a greater
user engagement than a non-gamified application.” From the qualitative feedback of the
study, we also note that an increased use of the application can have additional impact on
participants’ attitudes and behaviors towards their local environment.
In terms of user experience, the overall results indicate that the effectiveness among the
participants who used the gamified application was twice as high compared to the ones
who used the non-gamified application. On the other hand, there were no major differences on the learnability and satisfaction indicators between both applications, which
means that participants were satisfied with both applications. Given this result, the null
hypothesis is accepted and the alternative hypothesis is rejected; “H20 : The use of gamified elements in a lake monitoring application produces the same or worse user experience
as with a non-gamified application”.
In terms of perceptions regarding gamification, the qualitative data indicates that participants paid particular attention to features such as points, leaderboard, and the story. We
found qualitative evidence that certain participants tracked their points and reported issues
that they considered relevant (for example, trash on the lake). The leaderboard appeared
to be a popular feature; during the study, the researchers observed that some participants
noticed the presence of their friends on the leaderboard. This triggered a healthy social
competition in real life. In addition, the story mechanism appeared to be an effective
means to raise awareness.
In terms of the design reflections, this study provided six design reflections based on our
experience to inform the design and evaluation of digital citizen science tools (summarized by themes in Sub-Chapter 4.3.)
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Relation to whole
In summary, this study found that the gamified features of the app increased participants’
submissions without affecting the perceived usability of the application. Moreover, this
study provided a set of design reflections to inform the design and evaluation of digital citizen science tools. Through this investigation, the researcher was able to understand how
a digital incentive mechanism can impact participation in digital citizen science. The most
important takeaway from this study, for this thesis as shown in Figure 4.7, was in terms of
the re-imagination of the role of the volunteers, beyond users. The author concluded that
there was an opportunity to involve the participants as co-creators of community technologies; this shaped the directions of the following studies.

Figure 4.7: Relationship of Publication II with the Dissertation
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Publication III: Drivers of Participation in Digital Citizen Science: Case Studies on Järviwiki and Safecast

Background and objectives
Because of a gap in research studies focused on the role of psychological constructs in
digital citizen science (Jennett and Cox, 2018; Jackson, 2019; Rotman et al., 2014b), this
publication aimed to advance the understanding regarding the drivers of sustained participation in digital citizen science. This study explored the values and motives that underlie
initial and sustained participation in two successful digital citizen science projects: Järviwiki, which is an environmental observatory maintained by the Finnish government in
which volunteers log information regarding the state of lakes and water bodies across
Finland; and Safecast, which is a Japanese volunteer run initiative in response to the
Fukushima power plant disaster where participants collect data regarding radiation by
carrying Geiger devices.
The in-depth analyses were guided by two theories from social psychology: the Universal Values Theory (UVT) (Schwartz, 2012) and the Self-Determination Theory (SDT)
(Ryan and Deci, 2000b). These theories were selected because it has been evidenced
in the fields of social computing and HCI, that human values (Chen et al., 2014; Boyd
et al., 2015; Mukta et al., 2016; Esau, 2018) and self-determined motivations (Tyack and
Mekler, 2020; Ryan and Deci, 2000a; Benkler, 2011) play important roles in influencing the digital behaviors. This article sought to answer the following questions: 1) What
motivates participation in a digital citizen science initiative?, 2) What are the values underpinning participation in a digital citizen science initiative?, and 3) How do motivations
align with values in the studied cases?
Results and main contribution
This study is based on a total of 1517 units of meaning extracted from 15 interviews with
long-term volunteers (Järviwiki: 8, Safecast: 7) through two rounds of thematic coding,
which were validated by measuring the inter-rater reliability score (Krippendorff’s alpha).
The main contributions of this article are described below:
Motivations for participation in Järviwiki and Safecast; the first research question focused on exploring what motivates participation in the two cases. For Safecast participants, volunteering was influenced by identified and integrated motivations, while Järviwiki participants were driven by intrinsic, identified, and integrated motivations. Integrated and identified motivations are the most-self determined type of motivation, which
implies that their actions (i.e. to submit an observation) are either identified or assimilated
as important activities for the self.
Values underlying participation in Järviwiki and Safecast; the second research question
in this article explored the values that underpin participation in the two cases. Values such
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as self-direction and stimulation were important for both Safecast and Järviwiki volunteers when they decided to begin their volunteering activities (See Figure 4.8). However,
sustaining participation, was associated with a larger number of values, including universalism, benevolence, conformity/tradition, and achievement (See Figure 4.9). These
observations are in line with previous studies by (Rotman et al., 2014b,a) which show
that a self-directed personal interest is key to initial participation. But broader motivations such as novelty (Jackson, 2019) are required for sustaining long-term participation.

Figure 4.8: Values underlying initial participation among Safecast and Järviwiki participants (Taken from Publication III (Palacin et al., 2020b), with permission)

Figure 4.9: Values underlying sustained participation among Safecast and Järviwiki participants (Taken from Publication III (Palacin et al., 2020b), with permission)
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In summary, openness-to-change values, such as self-direction, are important for initial
participation, yet a diverse range of values, except for power, play a role in sustaining
participation. The power value appears to be the least influential in driving participation in the case studies. Power refers to the pursuit of social status, prestige, control, or
dominance over people or resources (Schwartz, 2003) and is a self-enhancement type of
value. Yet, we observe from the literature (Restuccia et al., 2016; Jaimes et al., 2015), that
current incentive mechanisms are often focused mainly on rewards that provide “wealth”
or “reputation” online or offline as a means to increase participation. Which means that
these types of rewards rely on values centered around self-enhancement, like power. As
we have shown in our analysis of values associated with participation in Järviwiki and
Safecast, focusing on values that appeal to universalists and benevolence are key elements of long-term sustained participation.
The link between values
and motivations; Research question 3 explored how motivations
align with values in the
studied cases.
Values and motivations exist together and operate
alongside other individual differences, such as
culture, personality, and
context (Maio, 2016).
A common representation of values has been
the intrinsic/extrinsic dichotomy (Kasser and Ryan,
1996; Foundation, 2014,
p.280).
However both UVT and
SDT work on a continuum rather than in a po- Figure 4.10: Interaction between values and motivations unlarized dichotomy. In derlying participation among Järviwiki and Safecast particithis publication, the dif- pants (Taken from Publication III (Palacin et al., 2020b), with
ferent types of motiva- permission)
tions are mapped in relation to human values (See Figure 4.10), arguing that this is a valuable strategy to understand the particular effect of strategies, designs, and techniques used to build sustained
participation at different stages in a digital citizen science project.
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For example, it could be understood that certain participants of a project value stimulation
(new experiences); however, without knowing if that value is related with an introjected11
or integrated12 source of motivation, the engagement strategies that are designed could fail
by not addressing participants’ needs and personal goals. Further exploring the dynamics of participation from the interplay lenses of both of these theories can be beneficial
to enhance the empirical understanding we have of the link between human experience
and behavior and to explain enduring behaviors like sustained engagement (Kasser, 2002;
Grouzet et al., 2005; Kasser et al., 2004).
Integrated and identified motivations are important for sustained participation; The
analyses indicate that for Safecast participants, identified and integrated motivations drove
volunteering, whereas Järviwiki participants were driven by intrinsic, identified, and integrated motivations. These three types of motivations are the most-self determined, which
means that their corresponding actions (e.g. to submit an observation) are perceived as
important activities for the self. Thereby evidencing that when extrinsic motivators are
self-directed and autonomous, people will not only perform tasks willingly and enthusiastically but also in a sustained manner.
The shortcomings of incentive mechanisms centered around self-enhancement; The
findings in these cases are in line with previous studies by (Rotman et al., 2014b,a), which
reveal that a self-directed personal interest is key to initial participation. But broader motivations are required for sustaining long-term participation. However, we also observe
that across both cases, the value of power seems to be the least influential. Power refers to
pursue social status, prestige, control, or dominance over people or resources (Schwartz,
2003) and is a self-enhancement type of value. Surprisingly, current incentive mechanisms are often focused mainly on rewards that provide “wealth” or “reputation” online
or offline as a means to increase participation (see, for example, the reward mechanisms
listed in Table 2.2 in the related work chapter).
These types of rewards rely on self-enhancement values, like power. Focusing on values that appeal to power can cause people to become more self-interested and less likely
to support pro-social or pro-environmental activities in the long term (Crompton, 2010,
p.37). Despite this, the use of mechanisms that appeal to universalist and benevolent
values by, for example, centering their core project recruitment campaigns with the wellbeing of the community appear to be more rare. A potential means to avoid this pitfall
is to use self-enhancement mechanisms (e.g., rewards) as part of a larger engagement
strategy that fosters values like self-direction, stimulation, universalism, benevolence, security, and achievement; this is because, as our results show, when extrinsically motivated
values, such as universalism and benevolence, are self-directed and autonomous, they can
drive people to perform tasks willingly and enthusiastically in a sustained manner.
11
Actions performed due to pressure, to avoid guilt, or to enhance ego, self-esteem, and/or self-worth
(Ryan and Deci, 2000b).
12
Activities are fully assimilated to the self but they are still conducted for an outcome that is separate
from the behavior (Ryan and Deci, 2000b).
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In terms of design reflections, this study provided four design reflections based on the
lessons learned from the two case studies (summarized by themes in Sub-Chapter 4.3.)
Relation to whole
In this study, the values and motives that underlie initial and sustained participation in successful digital citizen science projects are explored, from the perspectives of the UVT and
SDT theories. In-depth analyses of two case studies of digital citizen science initiatives
(Järviwiki and Safecast), which have been collecting environmental data for a decade in
Japan and Finland are presented.
The goal of this publication was to explore in-depth the drivers of sustained participation
in successful projects. The most important takeaways from this study (as shown in Figure
4.11), were linked with 1) guiding the use of incentive mechanisms and 2) providing evidence on the potential to study digital participation from the lenses of psychology theories
such as the UVT. Both of these aspects informed the design of stage four in this doctoral
research.

Figure 4.11: Relationship of Publication III with the Dissertation
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Publication IV: SENSEI: Harnessing Community Wisdom for Local Environmental Monitoring in Finland

Background and objectives
In the previous decade, HCI has seen a “civic turn”, with researchers increasingly collaborating with communities in-the-wild as they seek to better understand technology in our
everyday living (Rogers, 2011; Rogers and Marshall, 2017; Balestrini et al., 2014). The
field is moving away from being confined to the design and deployment of consultation
technology (Golsteijn et al., 2016) towards a process of working alongside local communities to create and deploy community technologies that address matters of shared concern
(Wardle et al., 2018; Simm et al., 2013; Balestrini et al., 2017; Coulson et al., 2018; Wolff
et al., 2017). This has resulted in a rich body of work that studies the interplay between
civics and technologies (Johnson et al., 2016; DiSalvo et al., 2016) that have enhanced
our current understanding of human-technology interactions and supported the development of novel theories, technologies, and approaches in the HCI, such as research in the
wild (Rogers and Marshall, 2017), participatory design (Wardle et al., 2018), speculative
design (DiSalvo et al., 2016), and action research interventions (Balestrini et al., 2014).
This publication describes the process of orchestrating a participatory action research intervention and presents the key reflections from it. SENSEI was a year-long digital citizen
science initiative focused on environmental protection. Local community organizations,
decision makers, families, individuals, and researchers worked together to co-create civic
technologies to help them address environmental issues of shared interest, such as invasive
plant species, abandoned items in the forests, and nice places (for example, the location
of places where wild blueberries grow). This publication aimed to: (1) outline the application of HCI approaches to inform the co-creation of digital citizen science initiatives;
(2) yield insights into the use of digital citizen science in nurturing and supporting longterm sustainable practices, (3) outline learnings that could be helpful for future co-created
digital citizen science tools.
Results and main contribution
SENSEI was an environmental monitoring initiative aimed at co-designing digital citizen science tools for environmental protection with the local community. The initiative
(which lasted a year) engaged a total of 243 participants who generated over 100 ideas
concerning issues of shared interest, 28 civic tech prototypes, and dozens of sense-making
artifacts, including data interactions, analysis of data sets and data sculptures. A dozen of
open public events (community events and workshops) were run in English and Finnish
in MEtalo (community house), public squares, and LUT University. A platform for environmental monitoring — which included sensing devices, websites, and apps — was
built during this process. This platform was used for 3 months by volunteers to monitor
environmental issues of shared concern in town, collecting a total of 300 environmental
observations. The main contributions of this paper are described below:
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An iteration of the palette of participation: The first contribution of this publication is
the iteration of the palette of participation (See Figure 4.12), developed in Publication I,
from literature reports. This iteration was the result of observations and reflections, that
resulted from the action research carried out in the initiative.
In this version of the palette, public participation in digital citizen science can take six different forms — from the person collecting data on predefined issues (data provider), the
person collaborating with authorities to monitor issues predefined by authorities (collaborator), the person co-creating solutions to address issues of shared concern (co-creator),
the person who ideates civic actions (ideator), to the person who disrupts established processes by passive non-participation or negative participation (disruptor).

Figure 4.12: Palette of Participation in Digital Citizen Science (Iteration to the palette
from Publication I (Palacin-Silva and Porras, 2018): citizen is in control replaced by
ideator, disruptor level added
An approach to the co-design of digital citizen science tools: This paper extends the
knowledge regarding co-designing digital citizen science tools with communities. The
approach combined two frameworks that draw inspiration from action research, design
thinking, participatory design, agile development and an in-the-wild approach: i) the city
commons approach by (Balestrini et al., 2017) and ii) the Speedplay framework by (Ferrario et al., 2016).

4.1 Overview of the Publications
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The city commons is a novel approach to community engagement
around issues of shared concern, enhancing community ownership, openness, skills development, and prompting discussions regarding data governance (Balestrini et al., 2017). On the
other hand, the Speedplay framework
enables the development of software
in a rapid and agile manner with an
emphasis on participatory reflection
(Ferrario et al., 2016). The orchestration features from the city commons
were combined with the agile advantages of Speedplay to engineer technologies. Consequently, the initiative followed seven stages in an iterative manner guided by action reFigure 4.13: SENSEI Approach from Publication
search principles (See Figure 4.13).
IV (Palacin et al., 2019), with permission
The goals and outcomes for each of
the stages are detailed in Table 4.2.
In terms of design reflections, this case study highlighted six key considerations linked
with the process of designing digital citizen science initiatives, which are summarized by
themes in Sub-Chapter 4.3.
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Table 4.2: Phases, Goals, and Outcomes of the SENSEI Initiative
Phase

Goal

Identify

1. Identify matters of shared concern.
2. Map out communities, decision-makers,
organisations and other bodies that might
be interested in working together
to find solutions.

Frame

1. Understand matters of shared concern.
2. Map the individual motives of the participants
to adjust the shared purpose of our initiative.
3. Explore the possible uses of technology
to address the matters of shared concern.

Imagine

1. Understand aspirations and requirements.

Create

1. Build and test the prototype system(s).

Deploy

Orchestrate

Sustain

1. Understand how people interact with
the tools in their natural environments
and without instructions.
2. Collect feedback from participants to
improve the prototype system.
1. Enhance sense-making skills by
demonstrating the usefulness
of the co-created results.
1. Reflect on the initative
2. Release tools and open data
3. Plan for future system development

Outcome
a) Cross-cultural
partnership agreement
b) Preliminary
map of matters
of shared concern
c) Action plan
a) Map of framed
matters of concern
a) Define requirements,
b) Design of prototypes
a) Prototype
v1.0
...
vX.0
a) Prototype improvement
b) Usage patterns
c) User feedback logs
a) Data literacy plan
a) Open report on learnings
b) Make tools accessible
as open source
d) Open data
e) Follow-up bids
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Relation to whole
Publication IV was part of the final stage in this doctoral research (See Figure 4.14). It
describes the SENSEI case study and its stages. This case study was a participatory action
research intervention informed by the results and design reflections from publications I,
II, and III. Sub-Chapter 4.2 is also based on this case study and it explores in-depth the
relationship between values and interactions in digital citizen science.

Figure 4.14: Relationship of Publication IV with the Dissertation
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Further Explorations on The Role of Human Values in Digital
Citizen Science

In this sub-chapter, the author aims to address the missing link between motivation (captured in self-reported survey data) and actions (through behavioral traces captured in app
usage logs). The relationship between people’s value orientations and their use of the
SENSEI citizen science mobile application (described in publication IV) is studied at
three levels (Maio, 2016; Winter et al., 2018): L1) universal, through the use of the
Schwartz values instrument to map the participant’s human values (PVQ-21, N = 85);
L2) personal, through the analysis of qualitative data from interviews and focus groups
(N = 15), and open surveys (N = 149); and L3) behavioral, through quantitative models
based on usage logs (useLogs=5014 and submissions=300).
As shown in the overview presented in Figure 4.15, first, logistic regressions were employed to understand the relation between participation and values. Second, negative
binomial regressions were used to understand the effect of these values on the way participants interacted with the SENSEI mobile app. Univariate regressions were performed
with each human value dimension — where multivariate regressions13 were carried out
when two variables would pass the cutoff (< 0.1) at the univariate level.

Figure 4.15: Overview of quantitative methods used for data analysis
In addition to summarizing these analyses results, this chapter contributes to answering
the last research question RQ3. — What motivational factors sustain participation in
digital citizen science?— by providing empirical evidence on the link between values’
orientations, and digital volunteerism. The main exploratory results from these analyses
are discussed below:

13
The UVT circumplex has multicollinearity issues (Schwartz, 2016a) and hence, multiple regressions
with all value dimensions are not possible.
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Self-transcendence was related with initial participation in the digital citizen science
initiative, As suggested by prior work — (Hsieh et al., 2014; Verplanken and Holland,
2002; Esau, 2018)— the results suggest that self-transcendence values (universalism and
benevolence) are associated with initial participation in this case study (See Figure 4.16).
However, those who valued self-transcendence more were also less likely to sustain their
participation (see Table. 4.3). Participants with higher self-transcendence values were
70% less likely to participate in a sustained manner in the initiative. This was evidenced
by the odds ratio factor below 1 (OR=0.30). These participants may have more competing opportunities to engage in environmental activism (for example, joining a march or a
volunteering campaign).

Figure 4.16: Values’ Orientations of the Participants in the SENSEI Initative
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Table 4.3: Relation of participation (a dichotomous outcome dropout/participate) with
values’ orientations

Dependent
variable

Independent
variables

Security
Self-Transcendence.
Conformity
Participation
Openness-to-Change
Tradition
Self-Enhancement

Wald BH p-value
CI
p-value (FDR 6%) (97.5%)

χ2

OR

5,5
5,0
2,2
2,2
1,2
0,81

2,19 0,019
0,3 0,025
1,34 0,14
0,53 0,14
1,34 0,27
0,8 0,37

0,114
0,075.
0,28
0,21
0,324
0,37

4,4
7,9
3,5
1,1
2,3
1,2

Notes. Logistic regression analysis. Where: χ2 ,

chi square; OR, odds ratios; BH,
Benjamini-Hochberg adjustment; FDR, false discovery rate; CI, confidence interval.
(***p <.001. **p <.01. *p <.05. . p <.1)
Associating human values with a type of participation is vital to explore the factors affecting participation. In this case study, numerous participants indeed showed a strong
interest towards the environment and their community (“I am an environmentalist, I like
good changes in the environment” (P21), “I’m a volunteer to create new things” (P8), “I
like this city and I like to volunteer in actions to help it improve” (P57), “I wish environment should be clean, that’s why I join this environmental monitoring” (P55)). Hence, it
is possible that those who dropped-out did not consider digital citizen science as something aligned with their mental model on what an environmental action is (or they may
have had higher expectations of systems); hence, they left. In this study, while participants with strong self-transcendence were more willing to participate, they were also less
likely to remain engaged.
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Security and openness-to-change were related with different usage patterns; The results — summarized in Table 4.4 — suggest that different value orientations are linked
with different patters of use. For instance, participants with a higher openness-to-change
value orientation — related to independence and curiosity — would interact with the system more times (e.g., browsing curiously through others’ submissions) (See Table 4.4b).
On the other hand, participants with a higher value of security would have shorter goaldirected interactions (e.g., opening the system with the only goal of submitting an observation) (See Table 4.4c). Interactions were measured with the three variables: 1) the
number of interactions, which represented the platform use; 2) duration of interactions,
which represented the quality of use; and 3) the number of submissions, which represented the use efficacy.
The openness-to-change value dimension which comprises values such as stimulation,
self-direction, and hedonism was associated with the number of interactions a volunteer
would have with the digital citizen science platform. Participants with higher opennessto-change values were 78% more likely to interact more with the platform (IRR=1.78).
On the other hand, the value of security was associated with the time participants would
spend using the platform. Participants with a higher value of security were more likely to
have shorter interactions with the platform. This meant that the duration of interactions
decreased by approximately 55% with everyone unit increase in security (IRR=0.46).
From the qualitative analysis, we observe that participants with higher openness-to-change
values would use the technology to explore what others were submitting, even when they
had nothing to submit ”I am always checking the observations of others users, looking
for recommendations in my area” (P37), ”It was fun to use the app, learned new places
near me and add my favorite places for people to use” (P33), ”I sometimes used it to see
what others have submitted” (P3). Whereas, participants with higher security values were
opening the application mostly when there was something relevant to submit. Hence, their
interactions had a clear goal and were shorter (”as I understood it’s a platform to submit
observations, so whenever I go out for a walk and find something interesting then only
use” (P57), ”[In] the usual route to work and home, I don’t have relevant things to report” (P44)).
Prior works have found that values can predict and explain usage behaviors, such as online reading interests (Hsieh et al., 2014), forums word use (Chen et al., 2014), and energy
use (Vogiatzi et al., 2018). This finding demonstrates that values also influence the manner in which digital citizen science systems are being used (usage patterns). Therefore,
it may be feasible to use values to support the design of digital citizen science tools and
incentive mechanisms. Associating human values with digital interactions is important to
understanding the relationship between technology design and behavior. The interactions
were measured with the three following variables: 1) the number of interactions, which
represented the platform use; 2) duration of interactions, which represented the quality of
use; and 3) the number of submissions, which represented the use efficacy.
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Table 4.4: Relation of interactions with values’ orientations
Dependent
variable

Independent
variables

Anova P

Self-Transcendence
0,12
Openness-to- Change
0,14
Conservation: Tradition
0,25
Number of submissions
Conservation: Conformity 0,43
Self Enhancement
0,46
Conservation: Security
0,92

IRR

BH
CI
P-value (97,50 %)

1,97
1,78
0,49
1,29
0,77
0,97

0,74
0,41
0,50
0,64
0,56
0,92

1,53
1,31
0,51
0,84
0,44
0,68

(a) Number of submissions and values’ orientations

Dependent
variable

Independent
variables

Openness-to- Change*
Conservation: Tradition
Self-Transcendence
Number of interactions
Conservation: Security
Self Enhancement
Conservation: Conformity

Anova P

IRR

BH
CI
P-value (97,50 %)

0,0025
0,17
0,25
0,49
0,60
0,84

1,78
0,62
1,97
1,20
0,77
1,04

0,02*
0,50
0,49
0,74
0,72
0,84

1,16
0,20
0,91
0,69
0,52
0,44

(b) Number of interactions and values’ orientations

Dependent
variable

Independent
variables

Anova P

Conservation: Security. 0,010
Conservation: Tradition
0,152
Openness-to- Change
0,322
Duration of interactions
Self Enhancement
0,521
Conservation: Conformity 0,840
Self-Transcendence
0,929

IRR

BH
CI
P-value (97,50 %)

0,46
2,06
1,78
0,77
0,95
1,97

0,06.
0,46
0,64
0,78
1,01
0,93

-0,20
1,64
0,94
0,58
0,45
0,68

(c) Duration of interactions and values’ orientations
Notes. Negative binomial regression analysis. Where: IRR, incidence rate ratios; BH, Benjamini-Hochberg
adjustment; FDR, false discovery rate; CI, confidence interval. (***p <.001. **p <.01. *p <.05. . p <.1)
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Relation to Whole
This sub-chapter along with publication IV was part of the final stage in this doctoral
research (See Figure 4.17). In it, the author explores the link between human values and
user behavior in the SENSEI digital citizen science intervention from publication IV. This
work builds on the lessons learned and design implications from prior publications (II,
III, and IV). The results from these analyses are particularly valuable due to the current
research gap in the understanding we have of the role of human values in digital participation (Jennett and Cox, 2018; Rotman et al., 2012; Palacin et al., 2020b; Esau, 2018).
The findings further demonstrate the feasibility of using values to support the design of
digital citizen science tools and incentive mechanisms. Based on the results from this
chapter in addition to the prior publications, Further understanding the influence of human
values, such as security on participation in digital citizen science platforms contributes to;
a) guide the design of incentive mechanisms; b) understand digital volunteering experiences; and c) to design, evaluate, and test these digital citizen science technologies.

Figure 4.17: Relationship of Sub-Chapter 4.2 with the Dissertation
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Summary of Design Reflections

Publications II to IV contain fifteen reflections for the design of digital citizen science
processes, tools, and incentive mechanisms. These insights are driven from surveys, interviews, user studies, usage data, and observations from the designed studies. All these
reflections are presented in accordance with five themes: recruitment, incentives, trust,
feedback, data literacy (See Figure.4.18) and described in more detail below.

Figure 4.18: Summary of design reflections in publications II to IV (organized by themes)

4.3 Summary of Design Reflections
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Reflections regarding recruitment: Shaping the directions of an initiative requires a
shared understanding of our individual and common values, backgrounds, interests, and
expectations. This reflection highlights the importance of creating spaces for conversations on these factors from the beginning of an initiative to the day-to-day engagement
mechanics. Examining our common values and motives and their impacts on recruitment
campaigns and participation can organically foster a common understanding with all participants regarding an initiative’s purpose and activities. Techniques such as human values
mapping (Winter et al., 2019; Holmes et al., 2012) can inform such activities.
Reflections regarding incentives: As projects strive to engage more people in their activities, careful thought must be put into understanding the broader effect of the engagement
mechanisms that are being designed. Incentives can be an effective means to renew the
commitment of participants and to adjust the initiative goals and strategies, however, they
can also damage engagement in the long term (Crompton, 2010, p.37). For this, designers need to understand the values and motives of participants so that they can create
mechanisms to empower participation and mutual benefit for both the researcher and the
community (Blake et al., 2011). Further, designing diverse and dynamic incentive mechanism aligned with values’ orientations can address the challenges posed by the temporality
characteristic of motives.
Reflections regarding trust: Reciprocity in any form can build mutual trust and more
effective engagement (Ssozi-Mugarura et al., 2017). Reciprocity can be fostered through
designing mechanisms that enhance transparency, accountability, openness, and shared
ownership of the commons, particularly by building collaborations that acknowledge and
embrace different kinds of knowledge. This means that organizers need to spend a significant amount of time nurturing relationships and trust with people through dialogues and
open feedback (Winschiers-Theophilus et al., 2010).
Reflections regarding feedback: Technological devices do not serve a particular goal but
provide new opportunities for people. Therefore, creating technological tools that are
flexible and adaptable is required in order to respond to the changing needs of people
and their communities (Ssozi-Mugarura et al., 2017). This can be enhanced by designing
solutions that support unexpected use (Dix, 2007) and creating dedicated channels to hear
and incorporate participants’ feedback into the evolution of the solutions (Ssozi-Mugarura
et al., 2017).
Reflections regarding data literacy: Digital citizen tools must not only enable people’s
participation in data collection but must also create equitable benefits. This means that
these projects have the responsibility to nourish people’s ability to harness value from
their own participation, data, and knowledge by opening the processes, outcomes, and experiences (for example via data and technology commons). The data generated by people
using digital citizen science platforms should become part of digital public infrastructures, so that one day it can become a pivot for data commons movements, where people
can control their data and generate public value (Bria, 2018; Simm et al., 2015).
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5

Discussion

This chapter first synthesizes the theoretical and practical contributions from each research question in this thesis work in relation to earlier scientific works in the field.
Thereafter the quality and validity of the research are assessed. Lastly, future directions
for research in this area are suggested.

5.1

Revisiting the Research Questions and Contributions

This section is organized according to the research questions. First, the contributions of
each question are presented and then these are discussed in relation to prior research.
5.1.1

RQ1. What are the current practices and challenges in digital citizen science?

This question was answered through the practical and theoretical contributions from publication I14 .
In terms of the current practices in digital citizen science, seventeen common practices
were mapped: from a) technology-intensive practices, created to facilitate the collection,
analysis, and dissemination of data to b) engagement-driven practices aimed to combine
strategies to locate and motivate observers (See Figure 4.2). Along these lines, five categories of stakeholders were identified in the studied projects according to their activities
(citizens, academy and government, nature enthusiasts, households, and developers). This
was used as a basis to illustrate a socio-technical vision of a digital citizen science initiative at that point in time (See Figure 4.4). These findings are in line with other studies
such as the review on the state-of-the-art of crowdsourced geographic information (See
et al., 2016) and the study of the role of the citizens in mapping (Foody et al., 2017) in that
people have become an important source of contextualized observations regarding a wide
range of environmental phenomena worldwide. This review documents show a steady
growth in digital citizen science applications as, governments, research institutions and
non-profits are actively seeking to involve people in their design decisions.
The mapping of the volunteers’ motives from publication I (1: drive to change; 2: understand data benefits; 3: the need for challenges; 4: self-interest gains and, 5: social recognition) is in line with prior reports from citizen science projects, such as iSPEX (LandZandstra et al., 2016), Zoouniverse (Reed et al., 2013), Stardust@home (Nov et al., 2011),
Happy Match (Crowston and Prestopnik, 2013), and the Great Pollinator (Domroese and
Johnson, 2017). These projects have highlighted that their participants are driven by a
deep interest in contributing to science, followed by curiosity (e.g., to try new devices
or experiences), learning interests, enjoyment of activities, and social engagements (e.g.,
sense of community). Further, the findings are in line with studies on small-scale citizen
14

The contributions of this article were two-fold. First, this study systematically reviewed practices,
trends, and challenges of 108 digital citizen projects mentioned in 70 academic articles. Second, it illustrated the different forms of participation in digital citizen science through a framework.
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science projects (Rotman et al., 2012, 2014a; Jackson, 2019), which have highlighted that
recognition and novelty as a drivers of participation.
As the motivations reported from literature and practice appeared to overlap, the mapping of the findings regarding motivations in publication I was contrasted with a validated
theory on volunteerism — the volunteers function inventory (VFI) (Clary et al., 1998),
which proposes that “acts of volunteerism that appear to be quite similar on the surface
may reflect markedly different underlying motivational processes” (Clary et al., 1998,
p. 1517). This theory proposes that people are driven to volunteer by six motivational
functions (a: altruistic values; b: gain understanding; c: enhance social relations; d: increase career opportunities; e: protect one-self and, f: self-enhancement). The theory was
used to classify the mapped motivators and consequently, all six motivational functions
explained the volunteers’ motives found in the 108 studied digital citizen science projects.
Although, this finding indicates that the VFI is a potentially useful instrument to support
the understanding of volunteers by digital citizen science projects. This finding, however, has to be complemented by empirical studies using the VFI in digital citizen science
projects. Furthermore, certain questions remain evolving research topics (Rotman et al.,
2012, 2014a,b; Jennett and Cox, 2018), such as the understanding of the temporality of
volunteering motives, the different roles of volunteers within digital citizen science, and
how design decisions in a digital citizen science project can nurture sustained participation.
In terms of the challenges, nine core challenges were identified in this field, from i) sustained participation, ii) data aggregation, iii) quick changes/advancements in technology,
iv) lack of standardization, v) limited technical knowledge, vi) limited resources, vii) privacy issues, viii) balancing fair recognition for contribution, and ix) data accessibility and
maintainability.
Lastly, the palette of participation was the main contribution related to this research
question. This contribution was drawn from the results of publication I, and the action research observations and reflections from Publication IV. The palette of participation maps
the types of roles people have in digital citizen science initiatives. This is a framework
that portrays the current levels of participation when it comes to monitoring initiatives,
where each tone represents a deliberative act of civic participation and where all tones are
equally important. Hence the lack of a hierarchy in the palette as all forms of participation
are important for a balanced society. This participation palette can be used for multiple
purposes. We propose its use to 1) identify the motives of volunteers to assume different
roles and the relationship these have with the design decisions in these initiatives; 2) serve
as the basis for user research to map the journey of a volunteer in a digital citizen science
initiative; 3) understand human-data interactions.

5.1 Revisiting the Research Questions and Contributions
5.1.2
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RQ2 How does the design of processes, tools, and incentive mechanisms impact participation in digital citizen science?

The reflection on the shortcomings of incentive mechanisms was the main contribution
related to this research question. The answers yielded in answering RQ2 are the practical
outcomes from publication II: 1) empirical evidence on the effect of gamification incentives on digital citizen science and 2) the design reflections regarding the use of gamification in the design of digital citizen science technologies; and the practical and theoretical
outcomes from publication III: 3) qualitative evidence on the values and motives that underlie long-term participation in digital citizen science initiatives, 4) the design reflections
linked with the design of initiatives that have sustained long-term engagement and, 5) a
theoretical cross-analysis of the self-determination theory and the human values theory in
the context of digital citizen science.
In publication II, gamification was selected as the incentive mechanism to study engagement, as it is a technique with a solid theoretical basis for impacting human behavior
(Seaborn and Fels, 2015). Approaches that use certain elements of gamification have been
shown to increase user motivation and engagement in a variety of environments (Seaborn
and Fels, 2015), including digital citizen science (Morschheuser et al., 2016). However,
the role of gamification in engagement in digital citizen science had been unclear (Ross,
2011; Massung et al., 2013; Knowles, 2013a). As the studies where gamification had
been used to encourage (Mason et al., 2012; Massung et al., 2013; Liu et al., 2011) and
improve (Witt et al., 2011) participation have found positive (Liu et al., 2011) or inconclusive results (Mason et al., 2012; Massung et al., 2013; Witt et al., 2011).
The findings from publication II contribute to the current understanding of the role of
gamification in digital citizen science. Specifically, this study found that adding gamification to an environmental monitoring application significantly increases the number
of participants’ observations. However, the reflections from this study highlight the potential shortcoming using digital incentive mechanisms (such as gamification) alone to
understand volunteering behaviors (actions) or motivations alone without understanding
the values that drive them. Publication III focused on this gap by studying the motivational continuum nature of values through the lens of two social psychology theories.
The results of the analyses show that openness-to-change values, like self-direction, are
important for initial participation but, a diverse range of values plays a role in sustaining participation with the exception of power. Moreover, this study shows that integrated
and identified motivations are important for sustained participation. These three types of
motivations are the most-self determined, which means that their corresponding actions
(e.g. to submit an observation) are perceived as important activities for the self. Thereby
evidencing that when extrinsic motivators are self-directed and autonomous, people will
not only perform tasks willingly and enthusiastically but also in a sustained manner.
Although citizen science activities are a hobby for some, for most volunteers in these
cases, monitoring is perceived as important because there is a direct benefit to their own
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interests. Both of the initiatives studied in Publication III have understood that supporting the participants’ personal goals is key to sustaining participation. For instance, both
Järviwiki and Safecast provide simple and readable visualizations based on the collected
data. People can access, read, and understand the collected data in an open manner. Most
importantly, they can understand what the data means for their own local contexts because
they can find information about their area in few steps.
While certain researchers argue that to popularize citizen science activities, they must
become volunteers’ hobbies (Haklay, 2013; Preece, 2016); the findings in this doctoral
thesis add to the existing evidence (Jackson, 2019; Rotman et al., 2014a; Jennett and Cox,
2018), showing that creating digital citizen science services focused on providing volunteers with what they need to pursue their own goals is important to sustain long-term
participation. Thus, it is important for designers of such initiatives to understand the goals
of volunteers through user research methods such as user journeys, card sorts, or affinity
maps (IDEO, 2015).
Lastly, in publication III, a contrasting analysis of incentive mechanisms in light of the
Schwartz human values theory revealed that most incentive mechanisms appeal to selfenhancement values, these mechanisms were based in providing “wealth” or “reputation” online or offline as a means to increase participation by appealing to introjected
motives. With few exceptions of mechanisms that appeal to self-transcendence by embracing universalist and benevolent values centering on the well-being of the community
to the core of their project recruitment campaigns (integrated motivations). This may
have unintended consequences, such as driving people to become more self-interested
and less likely to support volunteering activities in the longer term, as evidenced in the
self-enhancement pitfall by the Common Cause Report (Crompton, 2010, p.37).
The findings from publication III are contributing to advancing the conceptualization of
the behavioral continuum that drives volunteering actions in digital citizen science (Jennett and Cox, 2018; Jackson, 2019; Preece, 2016; Gilbert, 2017; Skarlatidou et al., 2019;
Ceccaroni et al., 2019). This could serve as a basis to inform digital citizen science design,
guide the design of incentive mechanisms, map volunteering experiences, and evaluate
and test technological platforms. Further, exploring the dynamics of participation from
the interplay lenses of both of these theories can be beneficial to enhance the empirical
understanding we have of the link between human experience and behavior and to explain
enduring behaviors like sustained engagement (Kasser, 2002; Grouzet et al., 2005; Kasser
et al., 2004).

5.1 Revisiting the Research Questions and Contributions
5.1.3
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RQ3. What motivational factors sustain participation in digital citizen science?

The explorations on values’ orientations and interactions was the main contribution
related to this research question. These were drawn from the practical outcomes from
publication IV: 1) outline of a co-creation approach to digital citizen science and, the
main theoretical outcomes from sub-chapter 4.2 in this thesis: 1) the mapping of value
orientations among volunteers in a digital citizen science case and, 2) the study of the
values’ orientations and interactions in a digital citizen science case.
Although participatory approaches have been employed in HCI for many years, the way
they are used can vary significantly depending on the context they are being applied
(Duarte et al., 2018). For example, under classical user-centered design, people are seen
as a passive object of study by a “knowledgeable” researcher. In participatory design,
the technologist facilitates the process by which participants learn about technology and
eventually take on design roles (Winschiers-Theophilus et al., 2010). Whereas in codesign the users and researchers are both designers on equal footing (Stanley et al., 2015;
Muashekele et al., 2019). Consequently, co-design approaches promote the use of appropriate tools, methods, and design processes over a long-term multicultural engagement
between technologists and communities using participatory approaches, thereby leading
to new transcultural products (Ssozi-Mugarura et al., 2017; Kauhondamwa et al., 2018).
The SENSEI initiative which is studied in publications IV and chapter 4.2 followed an
approach to co-design combined two participatory frameworks a) the city commons approach by (Balestrini et al., 2017; Woods et al., 2018) and b) the Speedplay framework
by (Ferrario et al., 2013, 2014) with an in-the-wild deployment (Rogers and Marshall,
2017). The city commons framework is a novel approach to orchestrate community engagement around issues of shared concern, enhancing community ownership, openness,
skills development, and prompting discussions about data governance (Balestrini et al.,
2017). On the other hand, the Speedplay framework enables the development of software
with an emphasis on social innovation in tightly constrained environments (Ferrario et al.,
2014). In addition, the day-to-day practices within the initiative were informed by a review of the last five years of co-design and participatory design literature in the HCI and
ICT4D fields. Three core principles were extracted from that body of knowledge to guide
the intervention (See Figure 5.1): i) sustainable community development practices related
to the co-creation of locally appropriate solutions; ii) fairness practices linked to the cocreation of meaningful and fair relationships between the participants and designers; and
iii) knowledge construction, practices related to the equitable access to production and
consumption of knowledge (Blake et al., 2011; Ssozi-Mugarura et al., 2017; Teli et al.,
2017; Dix, 2007; Winschiers-Theophilus et al., 2010; Smith et al., 2017; Sanders and
Stappers, 2008; Muashekele et al., 2019; Stanley et al., 2015; Blake et al., 2014; Steinfeld
and Smith, 2012; David et al., 2013; Winschiers-Theophilus et al., 2013; Stanley et al.,
2016).
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Figure 5.1: Key Elements of Community Co-design
Sub-Chapter 4.2 focused on exploring the role of human values in a digital citizen science
case by relating the participants’ values orientations to computer-mediated interactions.
Associating human values with a type of participation is vital to explore the factors affecting participation. As suggested by prior work (Hsieh et al., 2014; Verplanken and Holland, 2002; Esau, 2018), we find that self-transcendence values (universalism and benevolence) predict initial participation in this case study. This finding matches the initiative
frame, which was linked with themes such as environmental action, civic participation,
and community technologies. Therefore, it is possible that if we would have had a different initiative frame, for example, “earn money by mapping issues in the city”, the profile
of the participants would be different and so would be the observed behavior. Based
on prior related work (Hsieh et al., 2014; Verplanken and Holland, 2002; Esau, 2018),
we expected self-transcendence also to predict sustained participation in the system (we
expected people who self-portray as environmentalists and benevolent to participate in
a sustained manner). However, we find that those who valued self-transcendence more
were less likely to sustain their participation. We find that these participants may have
more competing opportunities to engage in environmental activism (for example, joining
a march or a volunteering campaign).
In terms of use, we find that different values are linked with different usage patterns. For
instance, those with strong security have shorter, goal-directed interactions with the system. Whereas those with strong openness-to-change interact more frequently with the
tools. This finding shows that different values are linked with different usages of a system. Prior works have found that values can predict and explain usage behaviors, such
as online reading interests (Hsieh et al., 2014), forums word use (Chen et al., 2014), and
energy use (Vogiatzi et al., 2018). This finding demonstrates that values also influence
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the the manner in which digital citizen science systems are being used (usage patterns).
Therefore, it may be feasible to use values to support the design of digital citizen science
tools and incentive mechanisms.
The contributions detailed in here further advance our understanding regarding the influence of human values on participation in digital citizen science and could serve as a
basis to, a) guide the design of incentive mechanisms; b) understand user experiences in
online communities, and c) to inform the design and evaluation of digital citizen science
technologies.

5.2

Assessment of the Research

This section discusses the quality and limitations of this research in relation to the reliability and validity of the included publications. The research questions reflect the exploratory
approach in the studies, most of which were conducted in close collaboration with local
people, decision-makers, and non-profits.
Reliability refers to the replicability level of the results (i.e. if others were to replicate
the studies, how similar their findings and ours are) (Dubois and Gibbert, 2010). The
limitations associated with reliability are often linked with the descriptions and research
documentations in the study reports (publications). All the studies included in this thesis in the form of publications have been systematically documented at a granular level.
Moreover, the datasets related to these studies have been published openly when possible.
Lastly, each publication contains a set of design reflections or guidelines that are linked
with prior research in the form of related literature. Further, appendix I increases the reliability of this thesis by disclosing all the informed consents and instruments used in the
studies.
Validity refers to the consistency between the research studies and their conclusions. The
validity is assessed in terms of construct validity, internal validity, external validity, and
ecological validity (Dubois and Gibbert, 2010):
• Construct validity refers to the quality of the study investigating what it claims to
investigate (i.e. how well the research approach leads to accurate observations of
reality) (Dubois and Gibbert, 2010; Schwandt et al., 1994). The RQ1 (What are
the current practices and challenges in digital citizen science?) was explored in the
publication I and included a literature review that used systematic coding procedures to identify themes.
The findings from this publication were explored and contrasted with theories and
new research in the publications II, III, and IV. With regard to RQ2 (How does the
design of processes, tools, and incentive mechanisms impact participation in digital
citizen science?), two parallel studies were designed to answer this question. 1) one
study identified an incentive mechanism (gamification) and explored its impact on
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engagement in digital citizen science through surveys and usage logs; 2) the second
study focused on mapping the incentive mechanisms currently in use in the field of
digital citizen science. The first study is limited by the study data (which is mainly
quantitative from surveys) and could be improved by using more usage logs statistics and qualitative data sources in future studies.
Moreover, the first study is limited by its short duration which was not enough to
explore how participants’ behavior changes over time. The second study is limited due to the fact that it was not a systematic review, it used taxonomies by prior
research and studied it from the lenses of one of the social psychology theories
we explore in this thesis. Further, the results of the second study are limited to
qualitative evidence only given the exploratory case study nature of the publication
III. Although limited to two case studies, these cases are remarkable examples of
digital citizen science initiatives that have successfully run for a decade. Finally,
regarding RQ3 (What motivational factors sustain participation in digital citizen
science?), the results come from multiple data sources — qualitative (interviews,
field observations) and quantitative (surveys, data models, and usage logs) — presented in publication IV and sub-chapter 4.2. However, these results are limited
by the participation frame, and a co-creation approach affected the the manner in
which people participated in the initiative (the user role). Another limitation is the
instrument used to measure values (which was selected given its length). This research used the Schwartz human values survey used in the European social survey
(ESS). However, Prof. Schwartz has a more recent survey that captures more granular differences between values. Further, multiple validity measures (such as the
Bonferroni correction, the Mann-Whitney U test, the Krippendorff alpha, the Wald
test and the Bejamini-Hochbergh FDR procedure) were used in publications II, III,
and sub-chapter 4.2 to validate the results.
• Internal validity refers to the causality between the collected data and the results
(i.e. how well the logical reasoning of the research approach can defend the conclusions) (Dubois and Gibbert, 2010; Campbell, 2018). This thesis work is exploratory in nature. Although, all the studies were exploratory and did not aim
to prove causality, two experiments in-the-wild were designed to understand how
certain digital citizen science approaches can affect participation (i.e., engagement
levels); these are reported in publication II and chapter 4.2. When reporting the results of these experiments, validity tests (such as the Mann-Whitney U test and the
Wald test) and methods to correct the multiple testing problem (such as the Bonferroni correction and the Bejamini-Hochbergh FDR procedure) were employed to
reduce threats to validity. In the case of the qualitative study in publication III,
three coders were involved in the data analysis, and the inter-rater Krippendorff alpha was used to validate the coding and reduce threats to validity. Further, when
reporting design reflections or implications from the studies, they were supported
with examples from the collected data (i.e. quotations from interviews or surveys)
to clarify the reasoning underlying these.

5.3 Future Research
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• External validity refers to the generalizability of the findings from the research into
other settings (Campbell, 2018; Lavrakas, 2008). This research has multiple generalizability limitations. From publication II, which was a small scale experiment
which involved mainly students and staff in a university setting. Publication III reports on two case studies, which do not allow statistical generalization by nature
but instead analytical generalizability was pursued by employing established and
validated theories to guide the data analysis. The publication IV is limited by being a medium-sized experiment in a Nordic context which used co-creation as the
participation approach for volunteers.
• Ecological validity refers to the relevance of the research results in the real world
(Brewer and Crano, 2000). The data collected during this research work was collected in real-life contexts, including short and long interventions with the general
public, decision-makers, and non-profits. The case studies were selected due to their
relevance in the current world in close collaboration with the coordinators of these
digital citizen science initiatives. Hence, the ecological validity of the research is
considered to be high.

5.3

Future Research

This doctoral research has inspired several avenues to further this research work. Each of
the following subsections discusses a possible topic for future research.
Values in computing: It has been argued that human values play a role in digital participation (See for example: Publication III and (Esau, 2018)). However, we still have little
understanding of how to connect values empirically to the design of digital participatory
tools (Esau, 2018). More approaches to complement the evaluation and understanding of
human values in computing-related contexts are emerging. For example, some scholars
have proposed and used language to understand personal values (e.g., in online forums)
(Chen et al., 2014; Boyd et al., 2015) and other initiatives such as the Values in Computing
(ViC) has been creating tools that tap into the abstract (personal) and concrete (behavior)
level of values understanding among software engineers (Values in Computing, 2019;
Winter et al., 2019). The research on the link between the values’ orientations and behavior is promising, but more tools to understand values instantiations (beyond self-report)
in HCI are currently necessary (Williams et al., 2017).
Overcoming the self-transcendence biases in interventions: Human behavior can be
primed by different factors such as places, rewards, language (Kahneman, 2011, p.55). As
studies have shown, human values correlate with human behavior (Maio, 2016, p.51-126).
Values are connected to the way we understand the world and often they manifest through
the use of language frames15 . Therefore, it is important to carefully choose the frames
to be used when attempting to strengthen/nurture certain values, as these prime people.
15
Frames are both mental structures that order our ideas, and communicative tools that evoke these
structures and shape our perceptions and interpretations over time.(Darnton and Kirk, 2011)
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For example, when attempting to encourage pro-environmental and/or pro-community behaviors, advocating for status and wealth may encourage less environmentally-conscious
behavior and lower concerns regarding others (Holmes et al., 2012, p.30). As research
projects strive to engage more people in their activities, careful thought must be put into
understanding the role of values on the temporality and quality of engagement. Focusing
on values that appeal to wealth or reputation can cause people to become more selfinterested and less likely to support pro-social or pro-environmental activities in the long
term (Crompton, 2010, p.37). Despite this, the use of mechanisms that appeal to selftranscendence by embracing universalist and benevolent values by, for example, centering
their core project recruitment campaigns with the well-being of the community, appears
to be rarer.
Digital incentive mechanisms: Incentive mechanisms have been proposed as a means to
build sustained participation behaviors in sensing projects (Restuccia et al., 2016; Jaimes
et al., 2015). However, the broader effect of these mechanisms on engagement behaviors
remains still unknown. The current incentive mechanisms in the field are focused mainly
on rewards; they are centered around self-enhancement values such as power and achievement, which can cause people to become more self-interested and less likely to support
pro-social or pro-environmental activities in the long term. For this, explorations of underlying values and motivations, that incentive mechanisms appeal to, must be studied.
The design of online pseudo-participation: Scholarship has recognized the value of digital tools to support democracies (Smith, 2009). However, participation has always been
a complex concept in practice (Palacin et al., 2020a). Digital tools and their construction are inherently biased by the values and decisions from those in positions of power
(Nissenbaum, 2005; Winner, 1985; O’Neil, 2016; Broussard, 2018; Buolamwini and Gebru, 2018; Nelimarkka et al., 2018). Consequently, digital tools (such as those studied
in this thesis work) can lead to pseudo-participation by design (Palacin et al., 2020a), by
enabling digital participation without giving any real agency. For example, some municipal websites have been reported to mostly configure16 their users as consumers or
clients of municipal services — not as active citizens with political interests (Liste and
Sørensen, 2015). Through the design and implementation of the website, city officials
embedded assumptions regarding the expected roles of the inhabitants of the city as part
of the codebase. This is an aspect to consider when designing tools and strategies to
support participation in digital citizen science contexts. A participatory democracy and a
monitorial democracy are two different concepts (Graeff, 2014; Keane et al., 2009), and
it is worth to wonder, what is the future we are building through digital citizen science
tools? Further studies that examine technology and politics and in particular how users
are being configured through online participation tools are currently necessary.

16

User configuration refers to the way technologies define/limit people’s behaviors
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Conclusion

Research on digital citizen science has focused on understanding motivations to nurture
sustained participation. However, sustaining concrete participatory actions for long-term
in citizen science projects remains a major challenge for initiatives. This doctoral thesis
addresses the research gap by advancing our understanding of participation in digital citizen science and could serve as basis for a) guiding the design of incentive mechanisms, b)
understanding user experiences in digital citizen science communities, and c) informing
the design and evaluation of digital citizen science technologies.
During this doctoral research, qualitative and quantitative methods were used to advance
the understanding of what drives sustained participation in digital citizen science, so that
the field can advance towards using effective, validated, and theoretical based mechanisms
to foster sustained participation. This exploratory work was done through a critical analysis of literature and practice reports and, the design of case studies and localized action
research interventions. This research explores a novel approach to study participation in
digital citizen science from the lens of human-computer interaction and social psychology. Exploring the dynamics of digital participation using social psychology theories can
be beneficial to enhance the empirical understanding we have of the link between human
experience and behavior and to explain enduring behaviors like sustained engagement.
This research concludes that to motivate and engage digital citizen science volunteers in a sustained manner, the personally held human values must be considered
when designing and evaluating the initiatives and tools. This thesis offers three core
contributions to HCI and the application domain, related to: participation in digital citizen science, incentive mechanisms and values’ orientations. The first contribution of this
thesis is the palette of participation framework, which was designed and developed to
illustrate the different forms of participation in digital citizen. Based on a systematic review of the practices, trends, volunteering motives, and challenges of 108 digital citizen
project (publication I). The second contribution are the shortcomings of incentive mechanisms, which were identified through the empirical analysis of the effect of gamification
elements on digital citizen science (publication II); and in-depth qualitative analyses of
two outstanding digital citizen science cases, which were guided by two prominent social
psychology theories (publication III). The third and last contribution is the exploration
of the relationship between values’ orientations and interactions, which was achieved
through a qualitative mapping of values’ orientations among 15 volunteers of two outstanding digital citizen science cases (publication III), and the quantitative analysis of the
relations between values orientations, sustained participation, and the number and quality
of digital interactions in a year-long experimental study.
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Palacin, V., Nelimarkka, M., Reynolds-Cuéllar, P., and Becker, C. (2020a). The Design
of Pseudo-Participation. In: Proceedings of the 16th Participatory Design Conference
2020 - Participation(s) Otherwise - Volume 2, p. 40–44. ACM.
Palacin, V., et al. (2019). SENSEI: Harnessing Community Wisdom for Local Environmental Monitoring in Finland. In: Extended Abstracts of the 2019 CHI Conference on
Human Factors in Computing Systems, p. CS01.

References

95

Palacin, V., et al. (2020b). Drivers of Participation in Digital Citizen Science: Case Studies on Järviwiki and Safecast. Citizen Science: Theory and Practice, 5(1).
Palacin-Silva, M. and Porras, J. (2018). Shut up and take my environmental data! A
study on ICT enabled citizen science practices, participation approaches and challenges. EPiC Series in Computing, 52, pp. 270–288.
Palacin-Silva, M., et al. (2016). State-of-the Art Study in Citizen Observatories: Technological Trends, Development Challenges and Research Avenues.
Palacin-Silva, M.V., et al. (2018). The Role of Gamification in Participatory Environmental Sensing: A Study In the Wild. In: Proceedings of the 2018 CHI Conference on
Human Factors in Computing Systems, p. 221.
Palacin-Silva, M.V. (2018). Understanding Civic Participation in Environmental Sensing:
A Values Driven Approach. In: Extended Abstracts of the 2018 CHI Conference on
Human Factors in Computing Systems, pp. 1–4.
Preece, J. (2016). Citizen science: New research challenges for human-computer interaction. International Journal of Human-Computer Interaction, 32(8), pp. 585–612.
Quick, K.S. and Bryson, J.M. (2016). 12. Public participation. Handbook on theories of
governance, p. 158.
Reed, J., Raddick, M.J., Lardner, A., and Carney, K. (2013). An exploratory factor analysis of motivations for participating in Zooniverse, a collection of virtual citizen science
projects. In: 2013 46th Hawaii International Conference on System Sciences, pp. 610–
619.
Reed, M.S. (2008). Stakeholder participation for environmental management: a literature
review. Biological conservation, 141(10), pp. 2417–2431.
Restuccia, F., Das, S.K., and Payton, J. (2016). Incentive mechanisms for participatory sensing: Survey and research challenges. ACM Transactions on Sensor Networks
(TOSN), 12(2), p. 13.
Rogers, Y. (2011). Interaction design gone wild: striving for wild theory. Interactions,
18(4), pp. 58–62. ISSN 10725520, doi:10.1145/1978822.1978834.
Rogers, Y. and Marshall, P. (2017). Research in the Wild. Synthesis Lectures on HumanCentered Informatics, 10(3).
Rokeach, M. (1973). The nature of human values, The nature of human values. New York,
NY, US: Free Press. ISBN 0029267501 (Hardcover).
Ross, J. (2011). Pervasive Negabehavior Games for Environmental Sustainability. In:
CHI’11, pp. 1085–1088. Vancouver: ACM. ISBN 9781450302685.

96

References

Rotman, D., et al. (2012). Dynamic changes in motivation in collaborative citizen-science
projects. In: Proceedings of the ACM 2012 conference on computer supported cooperative work, pp. 217–226.
Rotman, D., et al. (2014a). Does motivation in citizen science change with time and culture? In: Proceedings of the companion publication of the 17th ACM conference on
Computer supported cooperative work & social computing, pp. 229–232.
Rotman, D., et al. (2014b). Motivations affecting initial and long-term participation in
citizen science projects in three countries. iConference 2014 Proceedings.
Ruge, T. (2015). Technology and people power: 5 ways to shape the sustainable development goals — Global Development Professionals Network — The Guardian. (Accessed
on 08/01/2019).
Ryan, R.M. and Deci, E.L. (2000a). Intrinsic and extrinsic motivations: Classic definitions
and new directions. Contemporary educational psychology, 25(1), pp. 54–67.
Ryan, R.M. and Deci, E.L. (2000b). Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being. American psychologist, 55(1),
p. 68.
Ryan, R.M. and Deci, E.L. (2017). Self-determination theory: Basic psychological needs
in motivation, development, and wellness. Guilford Publications.
Safecast (2019). About Safecast. (Accessed on 08/01/2019).
Sanders, E.B.N. and Stappers, P.J. (2008). Co-creation and the new landscapes of design.
Co-design, 4(1), pp. 5–18.
Sauermann, H. and Franzoni, C. (2015). Crowd science user contribution patterns and
their implications. Proceedings of the national academy of sciences, 112(3), pp. 679–
684.
Schrock, D.S., Meyer, M., Ascher, P., and Snyder, M. (2000). Reasons for becoming
involved as a Master Gardener. HortTechnology, 10(3), pp. 626–630.
Schwandt, T.A., Denzin, N.K., and Lincoln, Y.S. (1994). Handbook of qualitative research. Londres, Ed: Denzin & Lincoln.
Schwartz, S. (2016a). From Item to Index — ESS EduNet. (Accessed on 04/09/2019).
Schwartz, S. (2016b). Reliability — ESS EduNet. (Accessed on 10/18/2020).
Schwartz, S.H. (2003). A proposal for measuring value orientations across nations. Questionnaire Package of the European Social Survey, 259(290), p. 261.
Schwartz, S.H. (2006). Basic human values: An overview. Recuperado de http://www.
yourmorals. org/schwartz.

References

97

Schwartz, S.H. (2012). An overview of the Schwartz theory of basic values. Online readings in Psychology and Culture, 2(1), p. 11.
Schwartz, S.H., et al. (2012). Refining the theory of basic individual values. Journal of
personality and social psychology, 103(4), p. 663.
Seaborn, K. and Fels, D.I. (2015). Gamification in theory and action: A survey. International Journal of Human-Computer Studies, 74, pp. 14–31. ISSN 1071-5819, doi:
10.1016/j.ijhcs.2014.09.006.
Seddig, D. and Davidov, E. (2018). Values, attitudes toward interpersonal violence, and
interpersonal violent behavior. Frontiers in psychology, 9, p. 604.
See, L., et al. (2016). Crowdsourcing, citizen science or volunteered geographic information? The current state of crowdsourced geographic information. ISPRS International
Journal of Geo-Information, 5(5), p. 55.
Simm, W., et al. (2013). Co-Designing With and For Chaotic Lives:# Patchworks, a Catalyst Case. In: Proceedings of the 2013 CHI Conference on Human Factors in Computing Systems.
Simm, W., et al. (2015). Tiree energy pulse: exploring renewable energy forecasts on
the edge of the grid. In: Proceedings of the 33rd Annual ACM Conference on Human
Factors in Computing Systems, pp. 1965–1974.
Skarlatidou, A., et al. (2019). User experience of digital technologies in citizen science.
Journal of Science Communication, 18(01).
Smith, G. (2009). Democratic innovations: Designing institutions for citizen participation. Cambridge University Press.
Smith, R.C., Bossen, C., and Kanstrup, A.M. (2017). Participatory design in an era of
participation. Taylor & Francis.
Snyder, J., Shilton, K., and Anderson, S. (2016). Observing the materiality of values
in information systems research. In: 2016 49th Hawaii International Conference on
System Sciences (HICSS), pp. 2017–2026.
Sommet, N. and Morselli, D. (2017). Keep Calm and Learn Multilevel Logistic Modeling:
A Simplified Three-Step Procedure Using Stata, R, Mplus, and SPSS. International
Review of Social Psychology, 30, pp. 203–218.
Ssozi-Mugarura, F., Blake, E., and Rivett, U. (2017). Codesigning with communities to
support rural water management in Uganda. CoDesign, 13(2), pp. 110–126.
Stanley, C., et al. (2015). Ovahimba community in Namibia ventures into crowdsourcing
design. In: Proc. IFIP WG, vol. 9, pp. 277–287.

98

References

Stanley, C., et al. (2016). Formulating the obvious as a task request to the crowd: an interactive design experience across cultural and geographical boundaries. In: Proceedings
of the 14th Participatory Design Conference: Short Papers, Interactive Exhibitions,
Workshops-Volume 2, pp. 86–87.
Steinfeld, E. and Smith, R.O. (2012). Universal design for quality of life technologies.
Proceedings of the IEEE, 100(8), pp. 2539–2554.
Storey, A. (2014). Safecast MiniDoc. url: https://vimeo.com/113486504.
Subreddit Stats (2020). r/Coronavirus subreddit stats (Novel Coronavirus (COVID-19)).
(Accessed on 04/10/2020).
Tangmunarunkit, H., et al. (2015). Ohmage: A general and extensible end-to-end participatory sensing platform. ACM Transactions on Intelligent Systems and Technology
(TIST), 6(3), p. 38.
Teli, M., Di Fiore, A., and D’Andrea, V. (2017). Computing and the common: a case of
Participatory Design with think tanks. CoDesign, 13(2), pp. 83–95.
Theobald, E.J., et al. (2015). Global change and local solutions: Tapping the unrealized
potential of citizen science for biodiversity research. Biological Conservation, 181, pp.
236–244.
Tyack, A. and Mekler, E.D. (2020). Self-Determination Theory in HCI Games Research:
Current Uses and Open Questions. In: Proceedings of the 2020 CHI Conference on
Human Factors in Computing Systems.
UNECE (1998). Aarhus Convention: Convention on Access to Information, Public Participation in Decision-making and Access to Justice in Environmental Matters. Aarus
Convention, (June), p. 25. doi:10.1017/CBO9780511494345.010.
United Nations (1992). Agenda 21. url:
http://www.un.org/esa/
sustdev/documents/agenda21/english/Agenda21.pdf.
doi:
10.1007/s11671-008-9208-3.
United States Congress (2016). Crowdsourcing and Citizen Science Act of 2016. (Accessed on 08/05/2020).
University of Washington Center for Game Science (2020). Recap of recent Foldit publications — Foldit. (Accessed on 08/01/2019).
Values in Computing (2019). Values in computing: tools. (Accessed on 10/30/2019).
Van Roy, R. and Zaman, B. (2015). Moving Beyond the Effectiveness of Gamification. In:
CHI ’15 workshop ‘Researching Gamification: Strategies, Opportunities, Challenges,
Ethics’. Seoul, South Korea.

References

99

Venkatesh, V. (2000). Determinants of perceived ease of use: Integrating control, intrinsic
motivation, and emotion into the technology acceptance model. Information systems
research, 11(4), pp. 342–365. doi:10.1287/isre.11.4.342.11872.
Venkatesh, V., Morris, M.G., Davis, G.B., and Davis, F.D. (2003). User Acceptance of
Information Technology: Toward a Unified View. MIS Quarterly, 27(3), pp. 425–478.
ISSN 0276-7783.
Verplanken, B. and Holland, R.W. (2002). Motivated decision making: effects of activation and self-centrality of values on choices and behavior. Journal of personality and
social psychology, 82(3), p. 434.
Vitos, M., et al. (2017). Supporting collaboration with non-literate forest communities in
the congo-basin. In: Proceedings of the 2017 ACM Conference on Computer Supported
Cooperative Work and Social Computing, pp. 1576–1590.
Vogiatzi, C., et al. (2018). Energy use and saving in residential sector and occupant behavior: A case study in Athens. Energy and Buildings, 181, pp. 1–9.
Wardle, C.J., et al. (2018). Exploring Co-design with Breastfeeding Mothers. In: Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems.
Wehn, U., Rusca, M., Evers, J., and Lanfranchi, V. (2015). Participation in flood
risk management and the potential of citizen observatories: A governance analysis.
Environmental Science & Policy, 48, pp. 225–236. ISSN 14629011, doi:10.1016/j.
envsci.2014.12.017, url: http://linkinghub.elsevier.com/retrieve/
pii/S1462901114002457.
Williams, P.A., Jenkins, J., Valacich, J., and Byrd, M.D. (2017). Measuring Actual Behaviors in HCI Research-A call to Action and an Example. AIS Transactions on HumanComputer Interaction, 9(4), pp. 339–352.
Winner, L. (1985). Do artifacts have politics? In: MacKenzie, D. and Wajcman, J., eds,
The social shaping of technology, pp. 26–38. Buckingham: Open University Press.
Winschiers-Theophilus, H., et al. (2010). Being participated: a community approach. In:
Proceedings of the 11th Biennial Participatory Design Conference, pp. 1–10.
Winschiers-Theophilus, H., et al. (2013). Moving away from Erindi-roukambe: Transferability of a rural community-based co-design. IFIIP WG, 9, pp. 363–374.
Winter, E., Forshaw, S., Hunt, L., and Ferrario, M.A. (2019). Towards a systematic study
of values in SE: tools for industry and education. In: Proceedings of the 41st International Conference on Software Engineering: New Ideas and Emerging Results, pp.
61–64.
Winter, E., Forshaw, S., and Ferrario, M.A. (2018). Measuring human values in software
engineering. In: Proceedings of the 12th ACM/IEEE International Symposium on Empirical Software Engineering and Measurement, p. 48.

100

References

Witt, M., Scheiner, C., and Robra-Bissantz, S. (2011). Gamification of online idea competitions: Insights from an explorative case. Informatik schafft Communities, 192.
Wohlin, C., et al. (2012). Experimentation in software engineering. Springer Science &
Business Media.
Wolff, A., et al. (2017). Engaging with the Smart City Through Urban Data Games. In:
Nijholt, A., ed., Playable Cities: The City as a Digital Playground, p. 47–66. Singapore: Springer.
Wolff, A., et al. (2019). Civic Data Literacies for Bottom-up Data Innovation. In:
Proceedings of the 9th International Conference on Communities & TechnologiesTransforming Communities, pp. 306–309.
Woods, M., et al. (2018). Citizen Sensing: A Toolkit. Technical report. Technical Report.
Zoouniverse project (2019). Galaxy Zoo Data. (Accessed on 08/01/2019).
Zwilling, M.L. (2013). Negative Binomial Regression. (Accessed on 10/31/2020).

APPENDIX I: Informed Consents and Instruments

Appendix A. Publication II, Consent and Surveys

Informed Consent agreement for participation in the Jarvi experimental study
Dear Participant,
The following information is provided for you to decide whether you wish to participant
in the present study. You should be aware that you are free to decide to not participate
or to withdraw at any time without affecting your relationship with this department, the
investigator or the Lappeenranta University of Technology.
The purpose of this study is to understand the opportunities for engaging citizens in lakes
monitoring via mobile applications. The procedure will be an experimental study where
participants are asked to observe the progress of spring in the Finnish lakes by reporting
changes in the snow and ice during 20 days from March 24th to April 12th. Participants,
will be using the application and submitting observations of the lake in photo or text form
at any time. Data collection involve, usage monitoring surveys and small surveys at the
beginning and end of the study.
Do not hesitate to ask any questions about the study either before participating or during
the time that you are participating. We would be happy to share our findings with you after
the research is completed. However, your name will not be associated with the research
findings in any way, and your identity as participant will be known only to the researchers.
There are no known risks and/or discomforts associated with this study. The expected
benefits associated with your participation are the opportunity to participate in a empirical research study and the learning about nature monitoring relevance for climate change
mitigation. If submitted for publication, a byline will indicate the respective acknowledgements.
Please, sign your consent with full knowledge of the nature and purpose of the procedures. A copy of this consent form will be given to you to keep.
Name and signature
Date
Maria Victoria Palacin Silva.
Junior Researcher
Lappeenranta University of Technology

Jarvi: Pre-survey

(To see the interactive version of the survey use the following link: http://goo.gl/
8rk1sG)
Jarvi is a gamified mobile application to monitor lakes across Lappeenranta. Jarvi invites you to
observe the progress of spring in the lakes by reporting changes in the snow and ice during 20 days
from 24 March to 12 April via a mobile application. The observations are being collected for research purposes to help study the opportunities for engaging citizens in climate change mitigation.
All collected data will be handled and stored confidentially and, no data will be released for the
use of any third party, with the exception of anonymized analysis as research results. From these
published results, it will be impossible to deduct any information on names, products or answers
from any individual participant. More information available from victoria.palacin@lut.fi
1. Which application did you use?
• Jarvigo
• Jarvida

2. Select your your age range
• 21 and Under
• 22 to 34
• 35 to 44
• 45 to 54
• 55 to 64

• 65 and Over
3. In a typical week and month, how often do you go to lakes? (Passing by also counts)
• Never

• 1 to 2 times per month

• More than 3 times a month
• 1 to 2 times per week

• More than 3 times a week
4. Having used Jarvi for first time. Please, rate the following statements in the scale from
strongly disagree, somewhat disagree, neutral, somewhat agree to strongly agree.
• I think that I would like to use this system frequently
• I found the system unnecessarily complex
• I thought the system was easy to use

• I found the various functions in this system were well integrated
• I thought there was too much inconsistency in this system

• I would imagine that most people would learn to use this system very quickly
• I found the system very hard to use

• I felt very confident using the system

• I needed to learn a lot of things before I could get going with this system
5. Do you know the ice condition observation can help to study the climate change, flood
forecasting, and security situation awareness?
• Yes
• No

• I knew it partially
6. Please, match the images of the lake with the description about water status (drag and drop)

Jarvi: Post-survey for those who used the gamified application

(To see the interactive version of the survey use the following link: http://goo.gl/JJB5k2)
1. Which application did you use?
• Jarvigo
• Jarvida
Section I: Features and Usage
2. Rate the following statements about Jarvi features in the scale from strongly disagree, somewhat
disagree, neutral, somewhat agree to strongly agree.
• I achieved my challenge (20 observations in 20 days)
• Seeing my name in the leaderboard motivated me to submit more observations
• Seeing my points reduced motivated me to submit new observations
• I learned about global warming with the storyboard
• I followed my progress on the activity tab
3. Rate the following statements on usage habits in the scale from strongly disagree, somewhat
disagree, neutral, somewhat agree to strongly agree.
• I was motivated to use the system regularly
• I was motivated to submit many observations
• I learned about global warming during the use of the program
Section II: Use and Attitude
4. Having used Jarvi for first time. Please, rate the following statements about the ease of use in
the scale from strongly disagree, somewhat disagree, neutral, somewhat agree to strongly agree.
• I think that I would like to use this system frequently
• I found the system unnecessarily complex
• I thought the system was easy to use
• I think that I would need the support of a technical person to be able to use this system
• I found the various functions in this system were well integrated
• I thought there was too much inconsistency in this system
• I would imagine that most people would learn to use this system very quickly
• I found the system very clumsy or difficult to use

• I felt very confident using the system
• I needed to learn a lot of things before I could get going with this system
• I find it easy to get the system to do what I want it to do
• Overall, I am satisfied with how easy it was to use the system
5. Rate the following statements about the enjoyment in the scale from strongly disagree, somewhat disagree, neutral, somewhat agree to strongly agree.
• Using the mobile software for measurement is a good idea
• The program makes measuring tasks more interesting
• Working with the program is fun
• I like using the program to measure lakes
• I found using the system to be enjoyable
• The actual process of using the system is pleasant
6. How would you characterize yourself when you used Jarvi (multiple selection question):
• Spontaneous
• Playful
• Unimaginative
• Unoriginal
• Flexible
• Uninventive
• Creative

Section III: Awareness
7. Order the following statements according to their importance in your opinion (drag and drop):

8. Please, describe the major issues you experienced when using Jarvi:
9. Open comments and questions

Jarvi: Post-survey for those who used the non-gamified application

(To see the interactive version of the survey use the following link: http://goo.gl/8rk1sG2)
1. Which application did you use?
• Jarvigo
• Jarvida
Section I: Features and Usage
2. Rate the following statements on usage habits in the scale from strongly disagree, somewhat
disagree, neutral, somewhat agree to strongly agree.
• I was motivated to use the system regularly
• I was motivated to submit many observations
• I learned about global warming during the use of the program
Section II: Use and Attitude
3. Having used Jarvi for first time. Please, rate the following statements about the ease of use in
the scale from strongly disagree, somewhat disagree, neutral, somewhat agree to strongly agree.
• I think that I would like to use this system frequently
• I found the system unnecessarily complex
• I thought the system was easy to use
• I think that I would need the support of a technical person to be able to use this system
• I found the various functions in this system were well integrated
• I thought there was too much inconsistency in this system
• I would imagine that most people would learn to use this system very quickly
• I found the system very clumsy or difficult to use
• I felt very confident using the system
• I needed to learn a lot of things before I could get going with this system
• I find it easy to get the system to do what I want it to do
• Overall, I am satisfied with how easy it was to use the system

4. Rate the following statements about the enjoyment in the scale from strongly disagree, somewhat disagree, neutral, somewhat agree to strongly agree.
• Using the mobile software for measurement is a good idea
• The program makes measuring tasks more interesting
• Working with the program is fun
• I like using the program to measure lakes
• I found using the system to be enjoyable
• The actual process of using the system is pleasant
5. How would you characterize yourself when you used Jarvi (multiple selection question):
• Spontaneous
• Playful
• Unimaginative
• Unoriginal
• Flexible
• Uninventive
• Creative

Section III: Awareness
7. Order the following statements according to their importance in your opinion (drag and drop):

8. Please, describe the major issues you experienced when using Jarvi:
9. Open comments and questions

Appendix B. Publication III, Consent and Interview Guide
Informed Consent to Participate in the Safecast Case Study
Maria Palacin-Silva and Ari Happonen, researchers in the Business and Management School at
Lappeenranta University of Technology under the supervision of Professors: Jari Porras and Maria
Angela Ferrario, would appreciate your participation in a research interview designed to collect
information about the motives among outstanding volunteers of Safecast. You are being asked to
give an anonymous interview that should take up no more than an hour of your time. Also, you are
being asked to fill a survey, which takes about 10 minutes. It is hoped that we may gain valuable
information about your experiences in monitoring that can help to improve our understanding of
why citizens join and stay in initiatives like Safecast.
We anticipate no safety risk to you or impact on your privacy as a result of your participation in
this study other than the inconvenience of the time to provide the interview. The information that
you give us on the interview will be recorded in anonymous form. We will not release information
that could identify you. If you want to withdraw from the study at any time you may do so without
penalty. The information on you up to that point will then be destroyed.
Once the study has been completed, we will be glad to give you the results. In the meantime, if
you have any questions, please contact:
Maria Victoria Palacin-Silva
Lappeenranta University of Technology
Tel. (358) 503266296
Email: maria.palacin.silva@lut.fi
Ari Happonen
Lappeenranta University of Technology
Tel. (358) 50 322 5358
Email: ari.happonen@lut.fi
I have read the above explanation and agree to participate in the study by giving my signature or
recorded verbal agreement for it.
Name:
Date:
Signature:

セーフキャストに関するケーススタディー 参加にあたる同意書
この度は、ケーススタディーへの参加のご連絡をいただきありがとうございます。
ラッペーンランタ大学経営工学およびマネジメントの研究者であるマリア・パラスィ
ン・スィルヴァ（Maria Palacin-Silva）、 アリ・ハッポネン（Ari Happonen）またスー
パーバイザーであるヤリ・ポラス（Jari Porras）教授とマリア・アンジェラ・フェラリ
オ（ Maria Angela Ferrario）教授より感謝申し上げます。 今回のインタビュー並びに
アンケート調査はセーフキャストのボランティアの皆様の活動の動機に関して調査を
するために行います。 下記をお読みいただき同意いただける場合に必要事項をご記
入ください。
あなたは、電話によるインタビューへの応答をを求められます。その際所要時間は1時
間以内を予定しています。なお、あなたを特定し得る情報が公開されることはありま
せん。
また、あなたはアンケート調査への回答を求められます。所要時間は約10分です。
当調査により、空間放射線測定に関するあなたの経験から有益な情報を得、市民
がSafecastのような組織に参加し活動を続ける理由を理解するために役立てることが期
待されています。
あなたがこの研究に参加することによって、あなたの時間を割いてインタビューに応
じていただくということ以外には、あなたに安全上のリスクやプライバシーの影響は
ありません。
インタビューは録音をし、あなたの回答する情報は匿名の形で記録されます。
私たちはあなたを特定できる情報を公開しません。
あなたは当研究の期間中もし参加を止めたい場合には、いかなるペナルティーなしで
それを行うことができます。
その場合のそれまでのあなたの情報は破棄されます。
当研究の終了後、私たちはあなたに研究結果を報告することを予定しています。
研究の期間中、何かご不明な点がございましたら、下記までご連絡ください。

Maria Victoria Palacin-Silva
Lappeenranta University of Technology
Tel. (358) 50 326 6296
Email: maria.palacin.silva@lut.fi
Ari Happonen
Lappeenranta University of Technology

Tel. (358) 50 322 5358
Email: ari.happonen@lut.fi
私は上記の説明を読み、メールに返信することで研究に参加することに同意します。
またはインタビューの際、口頭によりその旨を伝えることで研究に参加することに同
意します。

Informed Consent to Participate in the Järviwiki Case Study
Maria Palacin-Silva and Ari Happonen, researchers in the Business and Management School at
Lappeenranta University of Technology under the supervision of Professors: Jari Porras and Maria
Angela Ferrario, would appreciate your participation in a research interview designed to collect
information about the motives among outstanding volunteers of Järviwiki. You are being asked to
give an anonymous interview that should take up no more than an hour of your time. It is hoped
that we may gain valuable information about your experiences in lake monitoring that can help to
improve our understanding of why citizens join and stay in initiatives like Järviwiki.
We anticipate no safety risk to you or impact on your privacy as a result of your participation in
this study other than the inconvenience of the time to provide the interview. The information that
you give us on the interview will be recorded in anonymous form. We will not release information
that could identify you. If you want to withdraw from the study at any time you may do so without
penalty. The information on you up to that point will then be destroyed.
Once the study has been completed, we will be glad to give you the results. In the meantime, if
you have any questions, please contact:
Maria Victoria Palacin-Silva
Lappeenranta University of Technology
Tel. (358) 503266296
Email. maria.palacin.silva@lut.fi
I have read the above explanation and agree to participate in the study by giving my name, date
and signature or recorded verbal agreement for it.
Name:
Date:
Signature:

Tietoinen suostumukseni Järviwiki tapaustutkimukseen osallistumisesta
Maria Palacin Silva ja Ari Happonen, Lappeenrannan teknillisen yliopiston Business and Management Schoolin tutkijat (Professoreiden Jari Porras ja Maria Angela Ferrario valvonnan alaisuudessa) toteuttavat ja ohjaavat tätä JärviWikin vapaaehtoisten motiiveja kartoittavaa haastattelututkimusta. Pyydämme sinulta nimetöntä haastattelua, jonka on arvioitu kestävän alle yhden
tunnin. Haastattelun ohessa pyydämme täyttämään kyselylomakkeen (arvioitu täyttöaika n. 10
minuuttia). Pyrimme ymmärtämään järvien tarkkailu kokemuksilla vapaaehtoisen osallistumisen
motiiveja.
Antamasi tiedot tallennetaan nimettöminä. Emmekä julkaise tietoja, joiden avulla tuloksista voisi
tunnistaa yksittäisen vastaajan. Sinulla on oikeus keskeyttää haastattelu missä tahansa vaiheessa,
ilman seuraamuksia. Lisäksi halutessasi tuhoamme myös siihen saakka keräämämme ja sinua
koskevan tiedon.
Tutkimuksen valmistuessa, jaamme sinulle mielellämme tutkimuksen tuloksen. Saat sähköpostiin
yhteystiedot, joihin voit ottaa yhteyttä Tutkimukseen liittyvissä kysymyksissä.
Maria Victoria Palacin-Silva
Lappeenranta University of Technology
Tel. (358) 503266296
Email: maria.palacin.silva@lut.fi
Ari Happonen
Lappeenranta University of Technology
Tel. (358) 50 322 5358
Email: ari.happonen@lut.fi
Nimi:
Päivämäärä:
Allekirjoitus:

Interview Guide for Järviwiki
Section 1: Participant Portrait
- Please tell me a little bit about yourself and your experiences working with lake monitoring
Maybe a probe: Where did you hear about Järviwiki?
- When did you start reporting lake measures?
Maybe a probe: Did you use to monitor the lake before Järviwiki?
Section 2: Initial motivations
- When did you start using Järviwiki?
- Do you remember why did you joined Järviwiki in the first place?
- Could you describe yourself at the time you started using Järviwiki?
Maybe a probe: At the time you started reporting lake measures, were you active in other sorts of
volunteering?
Section 3: Motivations to stay
- Currently, how do you feel using Järviwiki?
Maybe a probe: How would you describe yourself as a Järviwiki volunteer? Do you enjoy it?
- Is there any major reason(s) that drive you to use Järviwiki?
- Do you see any learnings from your experience with Järviwiki? Please, describe them
- What do lakes mean to you?
Maybe a probe: Why do you think the lake measures are important?
Section 4: Motivations to leave
- What have been your biggest challenges using Järviwiki?
Maybe a probe: How did you tackle those challenges?
- Have you ever stopped using Järviwiki for some periods of time?
Maybe a probe: Why did you stop? Why did you start using it again?
- Where do you see potential problems in getting help from volunteers?
Section 5: Dreams
- Tell us, how you envision the future of lakes monitoring?
Part 6: Open Feedback
- Did we forget to discuss something?
Maybe a probe: Did your view of the Järviwiki change in any way through the interview?

Haastattelu Järviwiki
Osa 1: Haastateltava
- Kerro hieman itsestäsi ja kokemuksistasi järvien seurannassa
Maybe a probe: Mistä kuulit Järviwikistä?
Maybe a probe: Tunnetko paljonkin ihmisiä jotka tarkkailevat järvien kuntoa?
Maybe a probe: Oletko mukana muun laisessa vapaaehtoisessa tarkkailemisessa?
- Milloin aloitit järvien kunnon raportoinnin?
Maybe a probe: Tarkkailitko järvien kuntoa jo ennen Järviwikiä?
Osa 2: Syyt / motivaatio aloittamiselle
- Milloin aloitit järviwikin käytön?
- Muistatko miksi alun alkaen liityit JärviWikin käyttäjäksi?
- Voitko kuvailla omia ajatusmallejasi ja ideologioitasi JärviWikiin liittymisen aikoihin?
Maybe a probe: Kun liityit mukaan raportoimaan järviä koskevaa dataa, olitko aktiivisesti mukana
missään muussa vapaaehtoistoiminnassa?
Maybe a probe: Koetko että järviwikissä mukana oleminen on vapaaehtoistoimintaa, kuten esimerkiksi SPR, partio tai vastaava?
Osa 3: Syitä ja motiiveja pysyä mukana toiminnassa
- Millainen nykyinen mielikuva sinulla on itsestäsi Järviwikin käyttäjänä?
- Millaiseksi nykyään koet JärviWikin käyttämisen?
Maybe a probe: Miten kuvailisit itseäsi JärviWikin käyttäjänä?
Maybe a probe: Pidätkö JärviWikin käyttämisestä?
Maybe a probe: Mistä asioista saat toiminnassa nautintoa tai koet että tästä on sinulle tai läheisillesi
etua, hyötyä tms?
- Jos kuvailisit parilla syyllä Järviwikissä mukanaoloa, niin mitä ne olisivat?
- Koetko oppineesi jotain JärviWikin käytöstä? Mitä?
- Mitä järvien ja vesistöjen tila merkitsee sinulle?
Maybe a probe: Miksi järvien mittaaminen on mielestäsi tärkeää?
Maybe a probe: Koetko että mukana olemisella voit jotenkin vaikuttaa järvien tilan paranemiseen? Mitkä ovat perustelusi tälle näkemykselle?
Osa 4: Syitä / tilanteista joissa koet että luultavasti luopuisit osallistumasta Järviwikiin
- Mitkä koet Järviwikin käytön suurimmiksi haasteiksi?
Maybe a probe: Jos pystyt itse kiertämään nämä haasteet, miten teet sen?
Maybe a probe: Oletko kuullut ulkopuolisilta kommentteja mukanaolostasi / ajatuksi ja perusteluja
sille miksi sinun tulisi luopua tästä toiminnasta? Miten he perustelivat asian?
- Oletko koskaan lopettanut aktiivisen järviwikissä mukana olemisen?
- Onko JärviWikin käyttäminen jäänyt jossain vaiheessa tauolle?
Maybe a probe: Miksi toimit näin? Miksi palasit uudestaan mukaan toimintaan?
Maybe a probe: Muuttuiko toimintamallisi jotenkin väliaikaisen lopettamisen takia?
- Yleisesti, millaisissa asioissa näet vapaaehtoistoiminnan olevan tehokkainta?
Maybe a probe: Miten perustelet mielipidettäsi?
Maybe a probe: Miten järviwiki rinnastuu näihin ajatuksiin?

Osa 5: Unelmat - Millaisena näet järvien tarkkailun tulevaisuuden? Mitä toivot järvien tarkkailun
tulevaisuudelta? Maybe a probe: Mitä haasteita näet kuvailemasi tulevaisuuden toteutumisessa?
Maybe a probe: Mikä on haastavin asia visiosi ja nykytilan välissä omasta mielestäsi?
Osa 6: vapaamuotoinen palaute
- Unohdimmeko keskustella jostakin asiasta?
Maybe a probe: Muuttuiko näkemyksesi järviwikistä jotenkin haastattelun kautta?

Interview Guide for Safecast

Section 1: Participant Portrait
- Please tell me a little bit about yourself and your experiences working with radiation monitoring
Maybe a probe: Where did you hear about Safecast?
- When did you start reporting radiation measurements?
Maybe a probe: Did you use to monitor the radiation before Safecast?
Section 2: Initial motivations
- When did you start using Safecast?
- Do you remember why did you joined Safecast in the first place?
- Could you describe yourself at the time you started using Safecast?
Maybe a probe: At the time you started reporting radiation measures, were you active in other
sorts of volunteering?
Section 3: Motivations to stay
- Currently, how do you feel using Safecast?
Maybe a probe: How would you describe yourself as a Safecast volunteer? Do you enjoy it?
- Is there any major reason(s) that drive you to use Safecast?
- Do you see any learnings from your experience with Safecast? Please, describe them
- What does the environment mean to you?
Maybe a probe: Why do you think the radiation measures are important?
Section 4: Motivations to leave
- What have been your biggest challenges using Safecast?
Maybe a probe: How did you tackle those challenges?
- Have you ever stopped using Safecast for some periods of time?
Maybe a probe: Why did you stop? Why did you start using it again?
- Where do you see potential problems in getting help from volunteers?
Section 5: Dreams
- Tell us, how you envision the future of radiation monitoring?
Part 6: Open Feedback
- Did we forget to discuss something?
Maybe a probe: Did your view of the Safecast change in any way through the interview?

面 接の 質 問 Safecast

Section 1: Participant Portrait
- あなたについて、および、あなたがどういう流れで放射線計測を行うようになったの
か、聞かせてください。
Maybe a probe: セーフキャストのことをどのように知ったのですか。
- いつ、放射線計測を始めましたか
Maybe a probe: セーフキャスト以前に計測をしたことはありましたか？
Section 2: Initial motivations
- いつからセーフキャストでの活動をされていますか。
- セーフキャストに参加しようと思った最初の動機は何でしたか。
- あなたがセーフキャストに参加したときのあなた自身のことを教えてください。
Maybe a probe: その時、あなたはその他のボランティアに参加していましたか？ ボラン
ティアの活動など積極的におこなうほうでしたか
Section 3: Motivations to stay
- 現在、セーフキャストについてどう考えていますか？ 放射能測定のセンサーを使う
ことについてどう感じていますか。
Maybe a probe: 自分がセーフキャストのボランティアであることについてどう考えてい
ますか？
- 放射能値のモニタリングを続けることの主な理由はなんですか。
- セーフキャストの活動の経験であなたが学んだことを聞かせてください。それは、あ
なたにとって、どういう意味合いがありますか？ 計測器を使うことによって学んだこ
とは
- あなたにとって環境とは何ですか。
Maybe a probe: なぜあなたにとって放射線計測は重要なのですか？
Maybe a probe: セーフキャスト活動への参加？
測定器を使う こと？
Section 4: Motivations to leave
- 放射能計測のセンサーを使っていて大変だったことは何ですか。
Maybe a probe: どのようにして、その問題を乗り越えたのですか
- 今までに、センサーでの計測を中断したことはありましたか。
Maybe a probe: どのような理由でしたか
- ボランティアからのサポートを得ることについて考えられる問題はどこにあります
か？
Section 5: Dreams
- 放射能計測の未来をどのように想像されていますか。
Part 6: Open Feedback
- 何か話し合うのを忘れましたか？
Maybe a probe: インタビューを通じて、セーフキャストに対するあなたの見方は何らか
の形で変わりましたか？

Appendix C. Publication IV and Sub-chapter 4.2,
Consent and Instruments
Ethics Approval Statement

Informed Consent to Participate in the
Lappeenranta Environmental Sensing Initiative
Tietoinen suostumus Lappeenrannan ympäristön
monitorointihankkeeseen osallistumiseen
Dear participant,
Hyvät osallistujat,
The following information is provided to you to decide whether you wish to participate in the
present initiative. You should be aware that you are free to decide to not participate or to withdraw at any time without affecting your relationship with this department, the investigator or the
Lappeenranta University of Technology.
Seuraava informaatio tarjotaan teille, jotta voitte päättää haluatko osallistutko esitettyyn hankkeeseen. Sinun tulee tietää että voit halutessasi päättää olla osallistumatta hankkeeseen tai irtautua siitä milloin vain, päätöksen vaikuttamatta suhteeseesi ko. yksikön, tutkijoiden sekä Lappeenrannan teknillisen yliopiston kanssa.
The purpose of this study is to understand the dynamics of motivation among volunteers in environmental sensing. This study follows the participatory technology design methods and it will
include the following activities: co-creation workshops aimed at ideating technological prototypes
for environmental monitoring, data exploration events aimed at opening environmental information from the city for open discussion and brainstorming.
Participants are asked to monitor one or more of the following environmental variables: smells,
quiet places, invasive plants, blue algae and litter, for three months on a volunteer basis by using
co-created technological prototypes. The data we collect are demographics and cultural values
background, perceptions about the prototypes we develop, opinions about the study, usage statistics and environmental data which participants submit on a volunteer basis. The data you upload
regarding the environmental issues will be archived at the Finnish Open Science Services. While
your contact information and the data about surveys and interviews will be stored for 3 months,
after that period of time, it will be destroyed.
Tämän tutkimuksen tarkoitus on ymmärtää osallistujien motivaation dynamiikkaa liittyen ympäristön
havainnointiin. Tämä tutkimus seuraa osallistavan teknologiasuunnittelun metodeja ja se sisältää seuraavia aktiviteetteja: yhteiskehityksen työpajoja, joissa ideoidaan teknologiaprototyyppejä ympäristön
monitorointiin, datan tutkistelutapahtumia, joissa kaupungin ympäristödataa avataan avoimeen
keskustelu ja aivoriihi käyttöön.
Osallistujia pyydetään monitoroidaan yhtä tai useampaa seuraavaa ympäristön muuttujaa; hajuja,
hiljaisia paikkoja, vieraslajeja, sinilevää tai roskia, kolmen kuukauden ajan vapaaehtoispohjalta,
käyttäen yhteiskehitettyjä teknologiaprototyyppejä. Data, jota keräämme, koskee osallistujien demografista ja kulttuurillista arvopohjaa, käsityksiä koskien kehittämiämme prototyyppejä, mielipiteitä koskien tutkimusta, käyttöstatistiikkaa ja ympäristödataa, jota osallistujat vapaaehtoispohjalta luovuttavat. Lataamanne data koskien ympäristöhavainnointeja tullaan arkistoimaan Suomen

Avoimen Tieteen Kansalliseen Palveluun. Data koskien teidän yhteystietoja, kyselyiden tuloksia
ja haastatteluita tullaan säilyttämään kolmen kuukauden ajan, jonka jälkeen se tullaan tuhoamaan.
The results will be used to improve our understanding about why citizens join and stay in this type
of initiatives. All results will be shared with you and you will receive appropriate acknowledgment
for your participation. All collected data will be handled and stored confidentially and, this data
will be anonymized as soon as possible, and analyzed as a part of a larger body of data. No personal data will be released in any form and location will not be tracked. Any research publication
related to this study will use anonymized analysis results. From these published results, it will be
impossible to deduct any information from any individual participant.
Tuloksia tullaan käyttämään kehittämään ymmärrystämme liittyen siihen miksi kaupunkilaiset liittyvät ja jäävät mukaan tämän tyyppisen hankkeeseen. Kaikki tulukset tullaan jakamaan teidän
kanssa ja te tulette saaman osallistumisestanne hankkeeseen. Kaikkea kerätty dataa tullaan käsittelemään ja säilyttämään luottamuksellisesti ja se tullaan anonymisoimaan niin pian kuin mahdollista ja sitä tullaan käsittelemään osana laajempaa dataa. Henkilökohtaista dataa ei tulla julkaisemaan missään muodossa eikä sijaintejanne jaeta. Kaikki tutkimukseen pohjautuvat tutkimusjulkaisut tulevat käyttämään anonyymeja tuloksia. Näistä julkaistuista tuloksista on mahdotonta tulkita
mitään yksittäisten osallistujien tietoja.
We anticipate no safety risk to you or impact on your privacy because of your participation in this
study. The expected benefits associated with your participation are the opportunity to participate
in a research study and learning about environmental monitoring via everyday technologies. Also,
you may gain relevant information about climate change mitigation. If you want to withdraw from
the study at any time you may do so without penalty. The information on you up to that point will
then be destroyed by the main custodian of the data MSc. Maria Palacin-Silva.
Emme näe että hankkeeseen osallistumisesta koituu teille turvallisuusriskejä tai että sillä olisi
vaikutusta teidän yksityisyyteenne. Odotetut hyödyt osallistujille ovat mahdollisuus osallistua
tutkimuksen ja oppia ympäristön havainnointia jokapäiväisten teknologioiden kautta. Voitte myös
saada relevanttia informaatiota koskien ilmastonmuutoksen vaikutuksia. Jos haluatte vetäytyä hankkeesta, voitte tehdä sen milloin vain seuraamuksitta. Tässä tapauksessa kaikki teistä kerätty informaatio tullaan tuhomaan datan päähaltijan, Maria Palacin-Silvan toimesta.
Name and Signature:
Nime ja allekirjoitus:

Date:
Päivä:

I have read the above explanation agree to participate in the study with full knowledge of the
nature, purpose of the procedures. I have been informed on what data will be collected, how it
will be used as well as what are my rights. I understand I can request more information on the
study anytime. I thereby grant the representatives of the Lappeenranta University of Technology
the permission to collect, store, analyze and publish this data.

Olen lukenut yllämainitun selvityksen ja lupaudun osallistumaan tähän tutkimukseen, tiedostaen
sen luonteen ja toimien tarkoituksen. Minua on informoitu siitä mitä dataa kerätään, kuinka
sitä käytetään ja mitkä ovat oikeuteni. Ymmärrän että voin milloin vain pyytää lisäinformaatio
koskien tutkimusta. Täten myönnän Lappeenrannan teknillisen yliopiston edustajille oikeuden
kerätä, tallentaa, analysoida ja julkaista tätä dataa.
If you have any questions or comments, please contact:
Jos sinulla on kysymyksiä tai kommentteja, ole ystävällisesti yhteydessä:
MSc. Maria Victoria Palacin-Silva
Tel. (358) 503266296
Email: maria.palacin.silva@lut.fi
Dr. Ari Happonen
Puh. (358) 50 322 5358
Email: ari.happonen@lut.fi
Suomen Tietosuojavaltuutettu valvoo datan keräystä ja tallennusta. Jos haluat tehdä valituksen
henkilökohtaisen datasi epäasiallisesta käytöstä, voitte olla yhteydessä Tietosuojavaltuutettuun.
Katso tarkemmat tiedot. Jos osallistujilla on huolia koskien tätä tutkimusta, ja haluavat olla
yhteydessä tutkimuksesta riippumattomaan henkilöön, olkaa ystävällisesti yhteydessä LTY:n eettisten asioiden edustajaan (tutkimuskoordinaattori) Victoria Kompanets:iin, sähköpostiosoite victoria.kompanets@lut.fi, tai LTY:n tietosuojavaltuutettuun (lakimies) Anne Himankaan, sähköpostiosoite anne.himanka@lut.fi.
The Finnish data protection ombudsman is supervising the storage and handling of personal data.
If you want to make a complaint about inappropriate use of personal data, you may contact The
Office of the Data Protection Ombudsman. See more information at http://www.tietosuoja.fi. If
participants have concerns about this study and wish to contact an independent person, please contact: LUT representative for ethics issues, Victoria Kompanets. e-mail victoria.kompanets@lut.fi
or LUT legal officer responsible for data protection, Ms Anne Himanka Anne.Himanka@lut.fi.

Survey on human values (PVQ-21) and expectations
(English, he/him/his)
Name:
Age:
1. Now, we briefly describe some people. Please read each description and think about how much
each person is or is not like you. Tick the box to the right that shows how much the person in the
description is like you.

2. Tell us about yourself
3. Why did you decide to participate in this environmental initiative?
4. What do you expect from this project?

Survey on human values (PVQ-21) and expectations
(English, she/her/hers pronouns)
Name:
Age:
1. Now, we briefly describe some people. Please read each description and think about how much
each person is or is not like you. Tick the box to the right that shows how much the person in the
description is like you.

2. Tell us about yourself
3. Why did you decide to participate in this environmental initiative?
4. What do you expect from this project?

Survey on human values (PVQ-21) and expectations
(Finnish, gender neutral pronouns)
Name:
Age:
1. Now, we briefly describe some people. Please read each description and think about how much
each person is or is not like you. Tick the box to the right that shows how much the person in the
description is like you.

2. Kerro jotain itsestäsi
3. Miksi päätit osallistua tähän ympäristönkartoitushankkeeseen?
4. Mitä odotat tältä hankkeelta?

Interview guide
Section 1: Participant Portrait/Osa 1: Osallistujasta kuvaus
Please tell me a little bit about yourself and your hobbies, things you consider important in life
Kerro minulle vähän itsestäsi ja harrastuksistasi, mitä asioita pidät tärkeänä elämässä?

Have you been a volunteer in other types of initiatives or associations in past?
Oletko ollut vapaaehtoinen jossain muussa aloitteessa tai yhdistyksessä aikaisemmin?
Section 2: Initial Motivation/Osa 2: Alustava motivaatio
Why did you decide to join this environmental monitoring initiative?
Miksi halusit ryhtyä tähän ympäristön seurantaan?

Did you participated in the workshops?/Osallistuitko työpajoihin?
How was your experience in the workshops?
Onko sinulla kokemusta työpajoista?

Did you find the workshops useful?
Oliko työpajat hyödyllisiä?

What do you expect from this initiative?
Mitä odotuksia sinulla on tästä aloitteesta?

Focus group guide

(This short focus group was used during the last meeting with locals.)
1. Please tell me a little bit about your experiences working with environmental monitoring
this summer?
(Maybe a probe: What environmental variables did you decide to monitor?)
2. Do you remember why did you joined this initiative in the first place?
3. Currently, how do you feel while performing environmental sensing activities?
(Maybe a probe: Do you enjoy it?, When do you submit environmental observations?)
4. Why do you report environmental observations?
5. What does nature mean to you?
6. Do you see any learnings from your experience?
(Maybe a probe: Why do you think the environmental monitoring is important?)
7. What have been your biggest challenges during this summer?
(Have you ever stopped doing environmental sensing for some periods of time? Why?)
8. How you envision the future of environmental monitoring?

Publication I
Palacin-Silva, M, and Porras, J.
Shut up and take my environmental data! A study on ICT
enabled citizen science practices, participation approaches, and
challenges.
In Proceedings of the 5th International Conference on Information and
Communication Technology for Sustainability ICT4S2018
Reprinted from
EPiC Series in Computing
Vol. 52, Pages 270-288, 2018
c 2018, The Author(s).

EPiC Series in Computing
Volume 52, 2018, Pages 270–288
ICT4S2018. 5th International Conference on Information and Communication Technology for Sustainability

Shut up and take my environmental data!
A study on ICT enabled citizen science practices, participation
approaches and challenges
Maria Palacin-Silva and Jari Porras
Lappeenranta University of Technology, Lappeenranta, Finland
maria.palacin.silva@lut.fi, jari.porras@lut.fi
Abstract
Citizen Science initiatives have been around since the 20th century in numerous
fields, from astronomy to health monitoring. In recent years, social changes mediated
by the development of information and communication technologies have pivoted new
types of civic actions, which have enabled an expansion in the breath of citizen science
applications. This civic technology has become a genuine interactive and inclusive
opportunity for engaging citizens in the continuous collection of data relevant to
science, governance, businesses, communal living, as well as individual concerns. This
article presents the practices, trends and challenges of 108 ICT enabled citizen science
projects. In addition, we present a palette for participation in ICT enabled citizen
science that depicts the shapes civic participation is currently taking in different
contexts. We discuss the potential uses of this palette for improving the engineering of
ICT citizen science platforms to better fit the needs of volunteers and build
opportunities for active engagement.
Keywords— ICT; citizen science; civic technology; participation; technology use;
practices; challenges
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1 Introduction
What do applications like Wikipedia, Fold.it, Waze, Ushahidi, and Galaxyzoo have in common?
The answer is “people” whom drive these civic technologies from their operational core. The
activities that people carry on these platforms ranges from data collection, usage and classification all
the way to dissemination and, represent a deliberative act of public participation via information and
communication technologies (ICT) services. These activities hold a historical background tightly
linked with human nature and humans’ inherent curiosity that has led us to try to observe and
understand our surrounding nature and society since ancient times. For example, during the
prehistoric age people would use tally marks on caves, wood, bones, etc. as a counting aid to monitor
animal populations. During the 20th century, it became clear that public participation was key for
sustainable development, as international treaties and declarations started declaring it as a mean to
enhance social development [1], environmental management [2], sustainable development [3],
decision making [4] and science advancement [5], [6].
Having people carrying (monitoring) activities for a common good (e.g. research), became popular
and became known as “citizen science”. Due to the technological development of the last decades,
this interaction between experts and citizens for monitoring purposes grew in reach, receiving
multiple names in different fields [7], from the well-known citizen science to collaborative mapping,
community monitoring, science 2.0, crowdsourcing, contributed geographic information,
crowdsensing, participatory sensing, citizen sensing, among others.
The development of ICT has broadened the world’s horizons in many ways. In particular, ICT
tools have pivoted the development of new types of civic actions such as activism, mobilizations,
public campaigning, community monitoring [8] and the web science [9]. As a result, fields such as
civic technology and digital civics have emerged to support the design and use of technology to
enhance public participation and dialogue [10]–[12].
Societies are heading towards a future that will increasingly involve partnerships mediated by ICT
between citizens, communities and civic authorities to enhance civic engagement in planning,
management and maintaining their living environments [13]–[15]. Already during the last decade ICT
enabled monitoring applications have started booming across the world with applications in several
domains, particularly in environmental monitoring (see section 3.1). For example, FixMyStreet1,
supports city development by allowing citizens to report and track issues in their towns (e.g. broken
pavement). Ushahidi2 helped the Kenyan government in 2007 to map violent acts across the country,
and has been used in more than 10 countries for handling different issues since then. eBird3 was
launched in 2002 to gather basic data about bird distribution across the globe. By now eBird has
collected hundreds of millions of observations from most countries in the world. Finally, Safecast4
was launched as citizens' initiative to monitor the radiation levels in Japan after the nuclear accident in
Fukushima in 2011. By now, it has become the largest monitoring network in history. In short, ICT
enabled citizen science has been actively supporting citizen-driven data collection for a variety of
purposes including scientific research [16] and crisis communication [17], [18], whilst serving as
means for inclusive engagement, education, and public outreach [19]–[21]. However, despite the

1

http://www.fixmystreet.com
http://www.ushahidi.com
http://www.ebird.org
4
https://blog.safecast.org
2
3

271

A study on ICT enabled citizen science practices ...

M. Palacin-Silva and J. Porras

outstanding success of these monitoring initiatives, there has been a limited attempt to study their dayto-day practices and their link with technology.
The contribution of this article is two-fold. Firstly, we highlight key results from a state-of-the-art
study about ICT enabled citizen science projects. This study was carried by Lappeenranta University
of Technology and the Finnish Environmental Institute during 2015 – 2016 [22] and it systematically
reviewed practices, trends, and challenges of 108 ICT-enabled citizen projects reported in academic
literature. Secondly, we present a framework for participation in ICT enabled citizen science that
depicts the shapes civic participation is currently taking in different contexts. We then discuss the
potential uses of this framework for improving the engineering of ICT citizen science platforms to fit
the needs of volunteers and civic authorities. In order to build opportunities for active engagement in
community monitoring initiatives.

2 Methods
The overreaching methodological approach of this study is thematic analysis (TA), which is “a
method for identifying, analyzing and reporting patterns (themes) within data” [23]. The phases of this
study are detailed below. Systematic review techniques [24], [25] are used as part of these phases to
select relevant literature as data source for the analysis.
A.
Phase 1. Familiarization with the data
In this stage, a systematic literature review study was performed to find literature reporting ICTenabled citizen science initiatives. The objective of this literature review was to find out about the
current state of the art of the trends, practices, and challenges of ICT enabled citizen science projects.
This phase was part of a larger research initiative by Lappeenranta University of Technology and the
Finnish Environmental Institute during 2015-2016 and its part of a published as a report by Palacin et
al. [22], also the mined data is openly available at [26]. The literature corpus was created using the
following steps: (1) Searching IEEE Digital Library, ACM Digital Library, Science Direct/Scopus,
Web of Knowledge, Springer Link for articles matching the search string keywords such as ‘citizen’
‘citizen science’ ‘observatory’ ‘environment’ ‘engagement’. (2) Reading the metadata of 828 studies
and include the ones with relevant link to this study. As a result, 70 papers were selected as relevant.
Secondly, in this phase we also created a corpus of ICT enabled citizen science projects. (1) First we
read in depth the 70 relevant papers and record each mention to an ICT enabled citizen science project.
As a result, 108 projects were recorded. (2) Then each of the projects was further investigated by
visiting its websites and reading its publications.
B.
Phase 2. Generating Initial Codes
The entire literature corpus (70 papers) was classified according to common features such as
research type, approach, relevance, and domain. In addition, the data gathered about the 108 ICT
enabled citizen science projects was organized into major codes/categories, which are presented in
table 1.
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Codes per Project
Project title, environmental focus, participation model, domain, focus-domain, country,
description, type of data measured, year of start, activeness, contact, website
Stakeholder, activities description, techniques to engage
IT platform, description, application type, goal, services use, detail IT infrastructure, social media
Problem or limitation, cause, solution proposes
Best practice, process
Recommendations
Standard in use, description, issuing institution, website
Table 1: Codes from Each ICT Enabled Citizen Science Project
C.
Phase 3. Searching for Themes
In this phase, the literature corpus, the 108 projects data and the codes from the previous phase
were re-analyzed iteratively to identify major themes, minor themes and sub-themes based on the
differences and similarities in the data.
D.
Phase 4. Reviewing Themes
This phase involved the refinement of themes by looking at the similarities and differences
between themes and the data. Six major themes were found: domains of application, technologies,
practices, stakeholders, challenges and recommendations. These major themes served to organize the
lower level themes.
E.
Thematic Analysis: Phase 5. Defining and Naming Themes and Sub-themes
A final mapping was completed by visually representing the major themes, minor themes and subthemes.

3 Findings
This section presents the key findings from the report by Palacin et al. [22] and discusses their
relevance. These key findings include a recollection of monitoring domains, data collection
approaches, practices, stakeholders, volunteer’s motives extracted from the studied projects.

3.1 Monitoring Domains
The 108 participatory sensing projects were classified into eight sub themes based on their
monitoring domain. Those monitoring domains are presented in figure 1 and table 2. Most of the
projects were focused on some level of environmental monitoring such as species, water, streams,
snow, sea, biodiversity, air, spectrum, and global monitoring. Also, there were a significant number of
projects focused on city management issues and tools for creating monitoring projects from scratch.
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Figure 1: Domains of application

Domain
City management
Water, streams,
snow, sea
Biodiversity
monitoring
Air and spectrum
monitoring
Global monitoring

Disaster monitoring
Tools for creating
monitoring projects

Description
City issues monitoring projects,
such as transportation, bike routes,
land usage, and energy consumption
Collect data about water quality,
precipitation, streams, lakes, snow,
ice, and sea environments
Focus on monitoring biodiversity:
flora, forests, mountains, biosphere,
and trees.
Gather data about air quality, noise,
sounds, and radiation, especially in
cities.
Monitor and report environmental
variables to governments, also,
projects that collect astronomy and
climate-change observations.
Monitor and detect early possible
disasters, such as floods and
earthquakes.
Allow the creation or integration of
monitoring initiatives, such as plugand-play tools, image classification
components and sensors-monitoring
components.

Table 2: Domains of Application: Descriptions and Examples
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Examples
FixMyStreet, SeeClickFix,
VizWiz, Waze, CiclePhilly
CURA H20, Järviwiki,
Brooklying Atlantis,
LAKEWATCH, , CoCoRaHS
Plant Watch, Leaf Watch,
iNatural, Mountain Watch,
Common sense, SafeCast,
Noise Tube, CitiSense, Bucket
Brigades
Galaxy zoo, Spring watch,
GLOBE at Night
iShake, Did you feel it?
Glassnost, Ushahidi, CitSci,
Public Lab
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3.2 Data Collection Approaches
ICT enabled citizen science projects are a clear example of a data intensive sociotechnical systems
as they are:
•

Used by multiple users: from citizens (collecting data), scientists (extracting patterns from the
data available) to organizations such as companies (creating profits from the available and
open data),

•

Highly available in multiple platforms,

•

For collecting, analyzing and disseminating data about certain phenomena of interest,

•

From a wide variety of data sources, data types and data locations.

The technologies in use for data collection among the studied projects are presented in Table 3.
These technologies range from automatic devices (such as sensors) to intentive means (such as web
surveys) depending on the level of human interaction they require to capture data.
Approach

Sensors
Social Media
Mobile Apps
Websites
Interactive Voice
Responders
Surveys

Interaction
Automated

Intentive
Table 3: Data Collection Technology Spectrum

This spectrum of technologies is reflected on the two data-collection modes (opportunistic and
participatory) [27], [28]. Mobile devices and sensor networks have enabled growth on monitoring
projects, because they provide constant and accurate measures of specific variables. As a result, the
so-called opportunistic data collection has steadily risen since 2000. Also, the use of mixed
approaches (participatory and opportunistic) have increased since 2010 (Figure 2).
a)
Opportunistic data collection or device-centric data collection: A participant is an
automatic sensor carrier, and “sensor sampling occurs whenever the state of the device matches
the application’s requirements described in a sensing task” [29] (e.g., Waze route tracking when
driving or a mobility tracking app [30] ; and
b)
Participatory data collection or user-centric data collection: A participant is an
active data provider and is actively involved in the collection process by a prompted experience
where the participant decides to record observations. This approach requires intentive interactions
(e.g., reporting security issues with Ushahidi webpage).
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Figure 2: Data collection methods over the decades

3.3 Practices
Seventeen practices (Table 3) were identified from the studied projects. These practices are either
(i) Technology-intensive practices, created to facilitate the collection, analysis, and dissemination of
data or (ii) Engagement-driven practices aimed to combine strategies to locate and motivate
observers. The top two practices among the projects are: (1) co-creation practices that involve cocreative solutions with citizens through direct and constant contact and (2) feedback from observations
(observers can visualize the results of their contribution). Top two, less common practices are: (1) data
aggregation (different data sets, often from different sources, are integrated) and (2) interest-based
projects (allow people to set up monitoring projects based on their own interests).
Technology Intensive Practices
•
•
•
•
•
•

Real Time Visualization
Observatory Component Based
Opportunistic data collection
Provide training material
Provide Technology
Data Aggregation

Engagement Driven Practices
•
•
•
•
•
•
•
•
•
•
•

Table 3: Practices among projects
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Co-Creation
Feedback from observations
Gamification
Identify stakeholders and their
motivations
Participatory data collection
Environmental Campaign in Public
Spaces
Interest based Observatories
Involve Decision Makers
Open Data for Engagement
Measure Motivation
Set common protocols for observers
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3.4 Stakeholders
Five categories of stakeholders were identified in the studied projects. Along these categories, four
types of activities that stakeholders performed were recorded. Table 4, summarizes the stakeholder
groups according to their main activities and which type of domain involved them.
ICT enabled citizen science projects are being used in multiple fields and involve several types of
stakeholders, but they are also run by various types of organizations. These organizations range from
universities, charities, companies, consortiums, government institutions, initiatives (initiative is
understood as an umbrella term for projects, companies, and their products), NGOs, to research
institutes. Furthermore, these type of projects have been recognized for their potential for considerable
improvements in terms of social innovations and democratization [1].
Stakeholder

Citizen

Academy and
government

Nature
enthusiasts

Households

Developers

Main activities

Provide raw data;
Install sensors or apps that collect
background data;
Deploy their own monitoring
campaigns.
Provide data;
Install sensors or apps that collect data;
Deploy their own monitoring projects ,
Use resulting information for
decisionmaking
Research and development.
Provide data;
Install sensors and apps to collect
background data;
Use the data for decisionmaking.
Provide data (4%);
Install sensors and apps that collect
background data (4%);
Use the information for personal
decisionmaking (4%)
Research and development (2%)

Domains of application

All domains

City management
Tools for creating monitoring
projects
Species monitoring
Air and spectrum monitoring
Biodiversity monitoring
Species monitoring
Water, streams, snow, and sea
monitoring
City management
City management
Biodiversity monitoring
Air and spectrum monitoring
Air and spectrum monitoring

Table 4: Stakeholders’ activities and domains of application
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Figure 3, presents a socio-technical vision of ICT enabled citizen science projects. In this sociotechnical system, the data providers are the volunteers that provide the contextual data and sensors
that collect or measure specific contexts. The ICT infrastructure includes interfaces, storage and the
processing capabilities for data collection and analysis. The outcomes represent some of the
dissemination channels for the information and patterns found in the collected data. The ultimate
beneficiaries are stakeholders and institutions that use the monitoring outcomes for their concerns, for
example, improving lifestyle, decision-making, or research and development.

Figure 3: Socio-technical vision of an ICT enabled citizen science project

3.5 Volunteers’ Motives to Participate
Engaging volunteers is a major issue for ICT enabled citizen science projects. Because, volunteers
tend to abandon the initiatives early or do not commit with them continuously. The studied projects
reported five major reasons that drive their volunteers to join and stay in a monitoring project. These
have been mapped against the volunteer functions inventory from social sciences [31], [32] and are
presented in table 5. This inventory is aimed at assessing volunteers’ motivations. It highlights six
motivations for volunteering: values (altruistic concerns for others), understanding (acquiring skills),
enhancement (self-development), career (obtaining career benefits), social (interactions according to
social standards) and protective (ensuring own wellbeing).
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Volunteers motives according to the analyzed projects
Drive to change, e.g. monitoring a lake due to activism.
Understand data benefits, e.g. monitoring air quality due to an
allergy is good for society and, in particular, for oneself.

Volunteer functions inventory
Values
Understanding Protective

Need for challenges, e.g. Increase the performance during a
recreational activity by adding an observation challenge or get
immersed into games.

Enhancement
Social

Self-interest gains, e.g. carrying monitoring activities to gain
free movie tickets or money.

Enhancement
Career

Social recognition, e.g. carrying monitoring activities to receive
Social
a local recognition by the city hall.
Table 5: Volunteers’ Motives to Participate in ICT Enabled Citizen Science

Understanding what drives volunteers to join and stay in a monitoring initiatives has been focus of
some studies [7], [22], [31]–[36]. In addition to the volunteer functions inventory, other study in
social sciences identified four motives for community involvement [33]: egoism, altruism,
collectivism, and principlism. In crowdsourcing, an integrated definition by [34] highlights four
benefits that volunteers obtain by participating: self-esteem, economic, social recognition and skills
development. In citizen science, based on experts’ experience, volunteers join monitoring initiatives
because they want to keep individual listings, compete/win something or care about the data [37]. In
practice, the iSPEX project reported two core motivators among their volunteers [35]: contributing to
science and interest on the monitoring topic. The Zooniverse project, reported three motives among
their volunteers: helping, interaction with the website and social engagement. Finally, a review of 100
sites of crowdsourced geographic information [7], identified two generic incentives for participation
among their volunteers: being part of a good cause and gaining something tangible. In participatory
sensing, a common categorization of motivation is extrinsic and intrinsic [36]. Also, incentive
mechanisms such as resource-awareness, privacy awareness, incentive driven design, QoI (quality of
information) by recruitment, QoI by gamification, micropayment and reputation, auction and nonauction based mechanisms, are frequently proposed as a means to motivate volunteers [38], [39].
In overall, there are two streams of research focused on civic engagement [13]: 1) smart city
initiatives aimed at using urban sensing to monitor and manage the cities as complex systems and 2)
civic engagement tools and mechanisms aimed at enhancing citizens role in the management and
maintenance of their city. However, it is still unclear what are the changes in volunteers motives and
engagement behavior during a monitoring initiative [38], [40], [41]. Human motivation is inherently
dynamic; what motivates us to start an action might change while we are performing that action.
However, most of current literature in the field, reports motives as a static continuum among
volunteers.
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3.6 Challenges
ICT enabled citizen science projects face numerous challenges. We identified nine common
challenges from the point of view of the studied projects (in order of importance):
•

Sustained participation: The target stakeholders are not always ready for start contributing and
often abandon the initiatives soon after their start.

•

Data Aggregation Issues: Information is obtained only when multiple sources of information
are combined. Hence, aggregating data from monitoring applications is important yet
challenging due to the multiple data formats, metadata ontologies and data structures.

•

Technology: This challenge refers to issues with devices’ size, weight and reliability, power
consumption limitations, calibration and configuration constraints, lack of systematic methods
to reject false and spam observations.

•

Standardization: There is a current the lack of reusable methods or frameworks for creating
new observatories, the lack of standards for inter–communication among monitoring platforms,
semantic discrepancies, and lack of systematic evaluations.

•

Limited Knowledge: Several projects faced issues because of the lack of knowledge about how
to build technically a monitoring application.

•

Limited Resources: The development of an ICT enabled citizen science project tends to have
limited resources that are mostly spent during the initial phases, creating a debt for the
monitoring and maintenance phases.

•

Privacy Issues: Understanding the concerns of stakeholder’s regarding the ownership and use
of their data is fundamental from the start of a monitoring project. Adequate technologies
should be used to capture the volunteers’ concerns and preferences regarding their data.

•

Recognition of Contribution: There is a need for more social fairness when it comes to ICT
enabled citizen science projects, which need to properly acknowledge the contributions and
support of observers.

•

Data Accessibility: Publishing raw data is not sufficient, stakeholders should be able to access,
explore and analyze relevant information (extracted from raw data) in a simple and transparent
fashion.

In the context of these challenges, it becomes imperative to improve the understanding of
volunteers’ motives and engagement behavior to be able to identify opportunities for building tools that
enhance motivation and engagement. Some approaches researchers are exploring are auction based
incentive mechanisms [38], social media and gamification [42]. However, there is an acknowledged
need to start also studying the changes in motivation among volunteers, and answer questions like why
they stay in the projects? [43] Why they dropout? What is the link between the monitoring domain and
the motives? [40].
It is argued that limitations in knowledge or resources in a citizen science project could boost the
civic action and innovation [44]. It is important to highlight that new frameworks are continuously
emerging to tackle this challenge. For example, the city in common framework [45], the citizen sensing
toolkit [46], the biodiversity guide to citizen science [47], the European citizen science association
collection of guidelines and principles for citizen science [48]. Also, tools such as Ushahidi, the citizen
field engineer [44], Alltagsspuren [49], Citizense [50] support the process of initiating a citizen science
initiative in an effective manner with limited resources. Yet, there is still a need to develop standards
that are widely known for ensuring that in a future we can explore and integrate data from different
data sources and projects.
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In addition, other studies have reported similar challenges to the ones we reported in here. Which
range from: privacy and security concerns [29], [51], [52]; gaps in data protection laws between
countries where the data is collected vs where it is stored [30]; data quality and interoperability issues
[29], [53]–[57]; need to improve the reach of reusable development methods and frameworks [58]–
[61] and a need to develop approaches and tools to enhance sustained citizen engagement and
participation [7], [39], [53], [62]–[65].

4 Civic Participation Palette
ICT enabled citizen science initiatives are based on public participation but also serve the public in
solving problems in people’s daily lives. Public participation is the right of citizens to become
engaged in their governance process because they are directly affected by decision makers’
resolutions [4], [66]. As such public participation can take different forms, from merely informing to
allowing citizens to take control of power. A “hierarchy of involvement,” defined in Arnstein's ladder
of participation [66], presents a view of participation as a balance of power that enables public
inclusion in governance. This ladder remains the most cited approach in the field of public
participation. However, the ladder model has been criticized, because it represents a hierarchy of roles
where the top one is the most important (whereas in society, every role is important). This ladder has
been subsequently adapted, improved, and debated in multiple studies [67]–[70]. In citizen science,
this ladder inspired the levels of participation and engagement by Harklay M. [71].
ICT enabled citizen science are often seen as mean for public participation and social innovation
[72]. In recent years numerous grassroots movements led by ‘lay” people have started emerging
around the world e.g. Ushahidi and Safecast. We observed that there was a gap in the literature
reporting this participation spectrum. Hence, we developed a participation palette based on the studied
108 ICT enabled citizen science projects, additional 20 projects that were not reported in our literature
review and existing frameworks. These frameworks include the Arnstein's ladder of participation, the
democracy cube [69] and classifications of types of participation in citizen science [71], [73].
The participation palette (figure 4) can be described as a framework that portrays the current levels of
participation when it comes to monitoring initiatives. Each of the five tones in the palette represents a
deliberative act of civic participation. Some of the most important features in this palette are
summarized below:
•
•
•
•

180 degrees: In this palette, every level of participation is equally important thus, there
is no hierarchy.
Spillover effect: More than one tone of participation can be activated at the same time.
As one tone of participation can enhance other tones.
Temporality: The levels of participation are temporal and they can change over time
based due to different contexts.
The participation tones are not user types: Each participation tone represents a
deliberative act of civic participation, which may be mediated by ICTSs or by other
types of resources.
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Figure 4: Palette of Participation

The citizen as a data consumer depict a citizen who does not contribute with data collection.
Rather uses the data available through services. For example, a data consumer would use the
application Mustikka Go to find blueberry locations in the forest. Hence, at this level, the participation
is limited to self-enhancement and the engagement is minimal. This type of participation is a clear
example of the 1% rule in the internet culture, the rule states that only 1% of the users actively
contribute with content on the web and the rest 99% just use the content [74].
The citizen as data provider represents a citizen who provides data via data collection or
classification using his own devices or borrowed devices from experts. Examples: Fix my street let
people report city bugs. Galaxy zoo let people classify universe images telescopes using their
computer. iBat borrows ultrasonic time expansion detectors to volunteers to record bats activity while
driving in the nights. Waze finds you the best route while monitors your own velocity and location in
background.
A citizen as collaborator is a person who helps through the entire process of setting up a
monitoring initiative led by experts. The participation involves facilitating or collaborating in the
design, improvement, and dissemination of a project. Experts define the monitoring priorities and ask
citizens to collaborate. Most citizen science projects fall under this category.
A citizen as co-creator participates in the entire process of planning, designing, and
implementing a monitoring initiative. Citizens decide along authorities what should be monitored
based on what they feel it is important for their town. Example: The Bristol approach, the city is doing
that and designing smart services based on citizens’ perspectives.
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A citizen in control is a person who wants to start a monitoring initiative due to his own interests
and due to lack of monitoring initiatives led by experts or authorities. Some examples include:
Ushahidi (let people report violence acts via text messages, web or calls) and Safecast (people build
their own Geiger devices and measures radiation).

4.1 Potential Uses for the Palette of Participation
The first potential use for this palette is to improving the engineering of ICT citizen science
platforms to better fit the needs of volunteers and build opportunities for active engagement. This can
be a tool to explore and understand what motivates them volunteers to participate at various levels of
engagement. Secondly, this palette can improve the design and development of ICT enabled citizen
science projects. As it can be a basis for user research, for example, in figure 5, we show a way to
integrate the palette of participation into a journey map. Thirdly, this palette can help understanding
the human-data interactions for engagement, by supporting the development of customizable systems
and approaches that allow citizens to explore and understand their data in relation to their living
spaces.

Figure 5: Integrating the Palette of Participation into a Journey Map
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5 Conclusion
In this paper, we disseminate the results of a state-of-the-art study carried by Lappeenranta
University of Technology and the Finnish Environmental Institute during 2015-2016 [22], which
systematically reviewed practices, trends, and challenges of 108 ICT-enabled citizen projects that
have been reported in academic literature. As such, these key highlights give a good basis for
conceptualizing the reach of ICT enabled citizen science as data intensive socio-technical systems. In
addition, we presented a palette for participation in ICT enabled citizen science that depicts the shapes
civic participation is currently taking in different contexts. We also discussed the potential uses of this
palette for improving the engineering of ICT citizen science platforms to better fit the needs of
volunteers and build opportunities for active engagement and meaningful human-data interactions.
Even when the underlying technology is still evolving, ICT enabled citizen science has already
shown its great potential, not only as a tool for citizens collecting data but also as a vehicle for
engaging a large public community in solving social and environmental challenges. These systems
have the potential to close the gaps among researchers, environmental experts, decisionmakers, and the
people, while collecting data and building a whole new level of services (from the people, for the
people). However, the success of ICT enabled citizen science initiatives relies heavily on continuous
citizen participation and the computational capacity to extract patterns from the data being collected.
Which translates into a need for tighter interdisciplinary collaboration between diverse communities of
civics, researchers and decisionmakers. In order to be able to tackle the privacy and security concerns,
gaps in data protection laws, data quality and interoperability issues, improve the reach of reusable
development methods and frameworks, and develop approaches and tools to build sustained citizen
engagement and participation.
Although, several studies have focused on studying the motives and incentives to improve and
enhance sustained participation, it is still unclear what drives different volunteers to join, stay and
abandon monitoring initiatives in specific domains. Hence, there is an opportunity to study the
temporal and dynamic changes in user motivation and engagement in ICT enabled citizen science
initiatives. This has been reinforced by recent calls for further studies to be performed to better
understand the motivations of participants and the effectiveness of incentive mechanisms across
different domains [38], [39], [53].
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ABSTRACT

Participatory sensing (PS) and citizen science hold promises
for a genuinely interactive and inclusive citizen engagement in
meaningful and sustained collection of data about social and
environmental phenomena. Yet the underlying motivations
for public engagement in PS remain still unclear particularly
regarding the role of gamification, for which HCI research
findings are often inconclusive. This paper reports the findings
of an experimental study specifically designed to further understand the effects of gamification on citizen engagement. Our
study involved the development and implementation of two
versions (gamified and non-gamified) of a mobile application
designed to capture lake ice coverage data in the sub-arctic
region. Emerging findings indicate a statistically significant
effect of gamification on participants’ engagement levels in
PS. The motivation, approach and results of our study are
outlined and implications of the findings for future PS design
are reflected.
ACM Classification Keywords

H.5.m. Information Interfaces and Presentation (e.g. HCI):
Miscellaneous
Author Keywords

participatory sensing; citizen science; civic technology;
environmental sensing; human behavior; engagement;
gamification
INTRODUCTION

The human-computer interaction (HCI) community has for
long been investigating the role of digital technology in citizen
participation [14, 25, 63, 22, 1] including its role in understanding the impact of environmental change and in supporting
sustainable practices [32, 26, 31, 53]. Views that citizens can
be persuaded into acting ‘more sustainably’ have also been
challenged [25, 30] together with the reductionist view of the
rational “Resource Man” adapting his/her behavior to data
[54]. However, it is undeniable that technology has enabled
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citizen participation to far-reaching causes on a massive scale
[7], offering the opportunity for a deeper understanding of the
mechanisms underpinning societal and environmental changes
not only at global, but also at local level [50, 64, 1, 28].
Participatory Sensing (PS) - often also referred as citizen science, crowd-sensing and crowdsourcing - is a form of civic
technology designed to support public participation in the
collection of meaningful, located data [27, 5]. Over the last
decade, PS has gained popularity with applications such as
eBird, Fold.it, Waze, Ushahidi, and Galaxyzoo; such tools
have been actively supporting citizen-driven data collection
for a varied of purposes including scientific research and crisis
communication [16, 21], whilst serving as means for inclusive engagement, education, and public outreach [2, 24, 13].
Despite its widespread popularity, the motivations underlying
citizen engagement are still unclear [39] and so is the role of
gamification in this context [49, 39, 30]. In particular, it is still
unclear how effective gamification is and in which PS contexts
[24], highlighting the need for empirical studies [12, 23, 43,
52, 60].
The aim of this paper is to further investigate the role of gamification in citizen participation in PS through empirical observation. We do so by running a user study involving forty-one
participants monitoring ice coverage of sub-arctic lakes. By
using two versions (gamified and non-gamified) of a bespoke
mobile app, we observe that the gamified version of the application has a statistically significant higher PS engagement than
the non-gamified one. Engagement is here measured by the
number of submitted observations. From the study qualitative
feedback, we also note that an increased use of the application
can have additional impact on participants’ attitudes and behavior, including spending more time outdoor, becoming more
appreciative of the local environment and how it changes over
time.
The main contribution of this paper is a further insight into the
role of gamification in PS. Specifically, we find that adding
gamification to an environmental monitoring application significantly increases the number of participants’ observations.
This paper outlines the rational, approach and results of our
study and reflects on implications for future PS design.
RELATED WORK

It is argued that “environmental issues are best handled with
the participation of all concerned citizens” [58, 57, 56]. This
is a result of the significant evolution of the relationship be-
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tween governments and citizens in the past 60 years from
consciousness raising in the 1960s, the incorporation of local
perspectives in the 1970s, the recognition of local knowledge
in the 1980s, the participation as a norm as part of the sustainable development agenda of the 1990s, and the e-participation
governance in the 2000s [57, 56, 47, 4, 64].
Technology has played a key role in the evolution of participation. The publics are now actively engaging with diverse
causes via ICT (e.g. activism, mobilizations, public campaigning, community monitoring) [7]. In this context, systems such
as participatory sensing (PS) - often also referred to as citizen
science, crowd-sensing or crowdsourcing - have emerged as an
opportunity to monitor social and environmental phenomenon
in detail; since mobile technology has become pervasive and
able to capture, classify and transmit location, image, voice
and other data autonomously [49, 6, 16, 21]. Participatory
sensing is data collection and interpretation enabled by technology [5, 21].
The data being submitted in PS represents a deliberative act of
public participation by the interaction of the public with the
technology-enabled services. In the early 2000s, city development, urban crime surveillance, and forest conservation were
highlighted as promising applications of participatory sensing
[45]. Over a decade later, the applications in those domains
(among many others) have widely spread among the publics.
For example, FixMyStreet 1 FixMyStreet allows citizens to
report city issues e.g. broken pavement) to enhance city maintenance; Ushahidi2 helped the Kenyan government in 2007
to map violent acts across the country and has been used in
more than 10 countries since then; eBird3 was launched in
2002 to gather basic data about bird distribution across the
globe. By now eBird has collected hundreds of millions of observations from most countries in the world. Finally, Safecast
4 was launched by citizens’ initiative to monitor the radiation
levels in Japan after the nuclear accident in Fukushima in 2011.
By now, it has become the largest monitoring network in the
history of the planet.
PS systems are built based on public participation, but they
also serve the public in solving daily problems (e.g. finding
the best route home). Hence, citizens are found at these applications’ very operational core for two main reasons: firstly,
because of the way they are operated, any participatory sensing platform is doomed to fail if it has no participants; and
secondly, because of the great value of local knowledge and
the intimate understanding the public has on the patterns and
anomalies in their communities. This local knowledge can
complement expert assessments as it includes important contextual information [5]. Among the different challenges that
PS holds (from technology leaps, privacy and security concerns to data quality and standardization), active public engagement remains a key challenge in this field.
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However, the underlying public motivation to actively engage
and participate in PS is still unclear [19, 15]. Particularly,
the impact of gamification mechanisms on human behavior
in PS remains under discussion: with current HCI findings
[49, 39, 30, 17, 18] often inconclusive/contradictory and domain agnostic. For example, Knowles et al. [30] doubt that
gamification works based on the claim that game elements
activate negative achievement values which might not support
pro-environmental behavior change. In the other hand, Ross
[49], claims that pervasive games empower humans to take
actions to improve society, and Massung et al. [39] argue
that gamification can impact extrinsic motivators that enhance
pro-environmental practices. Meanwhile, one of the most
successful participatory sensing projects so far is Foldit 5 , an
online puzzle game which challenges participants to fold protein structures as perfectly as possible using the game tools.
Scientists can analyze the applicability of the highest scoring
solutions for curing diseases; it has been shown that the best
Foldit players can match or exceed computational solutions
[8]. By 2014 Foldit already exceeded 200,000 players [37,
59].
Given this context, gamification was selected as the method to
study engagement, as it is a technique with a solid theoretical
basis for impacting human behavior [52]. As such, gamification is the application of game-like elements to non-game
environments [11]. It has also been defined as a process of
enhancing a service with affordances for gameful experiences
in order to support user’s overall value creation [29]. Approaches that use some elements of gamification have been
shown to increase user motivation and engagement in a variety
of environments [52], including participatory sensing [42].
However, it is still not clear how well gamification works
and in which contexts [23]. For example in citizen science,
gamification has been used to encourage [38, 39, 36] and
improve [66] participation. The results in these studies were
positive [36] or inconclusive [38, 39, 66]. In yet another study
from the field of sustainability gamification was used to engage
customers with positive outcomes [20]. Therefore there have
been calls for rigorous empirical studies to be performed to
better understand the effects of gamification [12, 23, 43, 52,
60]. For these reasons, we carried out a user study in-the-wild
to further understand the effects of gamification on human
engagement and the perception in the context of environmental
sensing.
METHODOLOGY

This study was aimed at understanding the effects of gamification on user engagement and user experience in a participatory sensing application. Both engagement and user
experience were measured by quantitative indicators (see table
1). Nonetheless, it is important to highlight that a variable
name might have a wider meaning in other contexts [67]. The
user engagement was measured by three indicators:

1 FixMyStreet: http://www.fixmystreet.com
2 Ushahidi: http://www.ushahidi.com

• Involvement: Total number of submissions per user,

4 Safecast

5 Foldit

3 eBird

website: http://www.ebird.org
website: http://blog.safecast.org
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• Activeness: Number of active users from beginning to end
of the study. In this context, an active user is understood as
a user that submits observations in a daily basis.

• Alternative hypothesis H11 : The use of gamified elements
in a lake monitoring application produces a greater user
engagement than a non-gamified application

• Dropout: Total number of users who left the study.

2) Hypothesis for User Experience Variable:

On the other hand, the user experience was measured in terms
of:
• Effectiveness: Ratio of the number of submissions and
application openings (per user),
• Learnability: Time to become familiar with the application
at the first use,
• Satisfaction: Rates (in a five Likert scale) ease of use and
usability satisfaction statements
Variable
Engagement

Table 1. Variables and Indicators.

Indicator

Involvement
Activeness

Dropout

User
Experience

Effectiveness
Learnability
Satisfaction

Measurement
Number of
submissions
Number of
users who were
active for the
entire duration of the study
Number of
who did not
complete the
study
Number of
submissions
per app usage
Time to
learn the app
during the first use
Survey-based opinion

During this study, the participants had to submit photos of
the ice status of the largest lake in Finland (lake Saimaa)
during a seasonal change. For this purpose, two applications
were designed: a gamified application and a non-gamified
application. Then, the participants were divided in two groups:
a control group and an experimental group; and they were
randomly assigned to use one of the applications for 20 days.
The length of our study is limited by the time between the
freeze-up and break-up of the lake Saimaa, which is typically
about 4 months [33]. This sets a maximum observation time
frame for the public to be able to perform monitoring.
Experiment Design

We designed our experiment following the guidelines of
Wohlin et al. [67]. In our study, the independent variable
was gamification elements and the dependent variables were
a) engagement and b) user experience. Two hypotheses were
defined in order to understand the effects of gamification on
the dependent variables
1) Hypothesis for Engagement Variable:
• Null hypothesis H01 : The use of gamified elements in a
lake monitoring application produces equal or less user
engagement than a non-gamified application.
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• Null hypothesis H02 : The use of gamified elements in a lake
monitoring application produces the same user experience
as a with a non-gamified application.
• Alternative hypothesis H12 : The use of gamified elements
in a lake monitoring application produces a better user experience than a non-gamified application.
Participants

The selection followed a non-probabilistic convenience sampling where invitations to participate were sent to university
students through mailing lists. As a result, 41 volunteers (a
person who carries and activity without being paid) signed
up to participate in the experimental study which took place
from 24 March to 12 April 2017 (20 days). After signing
informed consent agreement, the participants were randomly
divided into 2 group (see figure 1): a) the control group (20
participants) received a non-gamified application and, b) the
experimental group (22 participants) received a gamified application. The participants received an instruction session before
the start of the experiment. This session provided information about the experiment motives, data treatment, application
functionality and answered their questions.

Figure 1. Participatory Sensing System Architecture.

System Design

In this study, two mobile applications - one non-gamified application and one gamified - were developed both for Android
and iOS platforms. The architecture of these applications is
presented in Figure 1. The development process was mainly
designer-led with feedback of different versions of the systems
collated from students and researchers.
Non-gamified application: Jarvida

Jarvida was a regular water bodies monitoring application,
inspired from existing tools in use (such as Järviwiki6 , Finnish
6 Järviwiki

website: http://www.jarviwiki.fi
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Hydrological Citizen Observation Network7 , CreekWatch8 ).
The application logic was straightforward (Figure 2); it would
start from providing some educational examples about ice
types on a lake then, the participants could proceed to submit.
The user had to select a location for this observation (so that
the user would not be bounded to make a submission when the
photo is taken but rather to be able to submit at any point of
the day). Also, the submission could have an image attached
or it could be just a report of the ice status, there were three
observation values: no ice (water is not frozen), partially icecovered (water is partially frozen or melted) and compactly
ice-covered (water is compactly frozen and ice thickness can
be measured). Finally the participant could, check the statistics about the ice status based on all the observations in his
area. A use case example starts with the user logging in, then
information about the ice types is displayed along some educational images. Next, the user can proceed to submit an
observation and add locations along ice values. Finally, the
user can see the statistics of ice condition in the area.

Figure 3. Gamification elements in Jarvigo app.
Figure 2. Jarvida logic

Gamified application: Jarvigo

• Leaderboard: Participants were ranked according to their
earned points. Top ten users were displayed in the leaderboard.

Jarvigo provided the same features for environmental monitoring as Jarvida, but with game elements integrated. The
gamification elements [68, 48] added to this version were as
follows:

• Feedback: This technique was used to make users feel
that their contributions were not taken for granted and it
gave users the feeling of satisfaction from seeing their own
progress and points earned.

• Interactive map: All submitted observations appeared on
the map as pins. Users could tap on the map to add a
new pin or use an existing pin then, they could submit an
observation. Pins would change of color (red to green) when
a submission was done.

The logic in Jarvigo (Figure 4), would start with a story related to global warming, highlighting the importance of lakes
monitoring. Then it asks participants to accept a challenge
(submitting 20 observations in 20 days). After accepting the
challenge, participants could view a map of the area with all
the pins where other observations have been submitted. Then,
they could submit an observation by tapping on the location
they have observed. Again for the submission the user could
attach an image or just report the ice status (no ice, partially
ice-covered and compact ice). When they submit an observation, 20 points are awarded. Participants could track their
progress and see the top ten ranked participants (based on
scores) on the leaderboard. Finally the participant could also
check the statistics about the ice status in their area.

• Storytelling: A story describe the context of the task. Then
it gives a mission that users need to accept (challenge). The
story was designed to raise participant’s awareness about
environmental monitoring, and making users feel that their
contributions make an impact to their community and the
world.
• Challenge: Each observation task was seen as a challenge
or mission that users needed to carry on for a specific period
of time.
• Points: Points are the most basic but compulsory element
in gamified systems. In this application, participants who
submitted observations were rewarded the experience points
(XP).
7 Finnish

hydrological citizen observation network website: http:

//www.kansalaishavainnot.fi/lumi
8 CreekWatch website: http://creekwatch.ca
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In order to balance the challenge effect among groups and
avoid a "Hawthorne effect" (where participants modify their
behavior simply because they are being observed) among the
participants using the gamified application, participants who
used the non-gamified application were recommended during
the introductory meeting to use the application every day during the study duration (which was the equivalent of the goal
in the gamified version).
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Figure 4. Jarvigo logic.

Analysis Method

The source data for this study came from the applications
usage logs and pre- and post-questionnaires. Given the participant pool size, the independence of the test groups, the ordinal
and non-normal nature of the dataset, Mann-Whitney U test
[67] - a nonparametric test for independent samples - was used
to calculate the statistical significance of the data sample and
thus, reject or keep the null hypothesis.
The pre-9 and post-10 surveys were designed to collect quantitative and qualitative data regarding the perception and experience of the participants during this study. Standardized
questionnaires such as the systems usability scale [3], the
IBM computer usability satisfaction questionnaire[35], the
user acceptance of information technology scale [62], and
perceived playfulness questions [61]; were included in the
pre- and post-questionnaires. The overall data collected was:
participants’ demographics and environmental interests and
perceptions about user experience, usage habits, gamification
features, enjoyment and playfulness.
FINDINGS

41 volunteers aged 20–35 participated in this study which
lasted 20 days. Participants were randomly divided into two
independent groups. Hence, there were 20 participants using
non-gamified application (Jarvida) and other 21 participants
using gamified application (Jarvigo). A total of 304 observations were submitted via both applications. A major concern
during this period was the weather conditions as the temperature ranged between -8C°and 12C° and, participants had to
record their observations outdoors. The findings in this section
are presented by variable and indicators. These findings derive
from statistical tests and descriptive statistics onto each one of
the indicators (involvement, activeness, dropout, learnability,
effectiveness and satisfaction). Also, to ensure data consistency and to avoid common issues in this type of applications
(such as spam or duplicate submissions) [40], the dataset was
checked for duplicated submissions (e.g. same observation
submitted multiple times in order to gain points or by mistake).
Engagement

In this context, engagement refers to the number of observations submitted by participants (involvement), the level of
9 pre

questionnaire: http://goo.gl/JJB5k2
questionnaire: http://goo.gl/8rk1sG

10 post
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activeness of the users from beginning to end in the study (activeness) and the number of participants abandoning the study
(dropout). The overall results (see Table 2), show that the
involvement and activeness among the participants who used
the gamified application was significantly higher compared to
the ones who used the non-gamified application. On the other
hand, the dropout percentage was similar in both applications.
Given this results, the null hypothesis is rejected and the alternative hypothesis is accepted "H11 : The use of gamified
elements in a lake monitoring application produces equal or
less user engagement than a non-gamified application.". Each
indicator and its results are explained below:
Table 2. Engagement Indicators: Results (where: n)not significant, **)statistically significant at p<0.05, ***)statistically significant at
p<0.01, ****)statistically significant at p<0.001).
Indicator
Involvement
Activeness

Dropout

Measurment
Total
submissions
Very Active users
from beginning
to end
Number of
participants
who did not
complete the study

Non-gamified
Jarvida

Gamified
Jarvigo

Difference
and significance

44

260

216 ***

17 %

50 %

33 % (N/A)

10 %

5%

5 % (N/A)

• Involvement: The results show that the observations submitted in the experimental group (using the gamified application) was statistically significantly higher at than the
control group (using the non-gamified application) (U=346;
p=0.0003612; at p<0,001). Figure 5 shows the distribution
of the submissions from both applications over time.
There were a total of 304 submissions from both applications. From which, 44 observations came from the nongamified application users (control group) and 260 came
from the gamified application users (experimental group).
Hence, the submissions from the gamified application were
71% higher.
This result might be related with the user experience of
participants. From the qualitative analysis of comments
from participants in the post survey, we found that the participants who used the non-gamified application found the
application easy to use and useful (e.g. "It’s easy to use
and flexible"; "Satisfactory and useful for understanding
the climate change" (P15,P9)). While, the participants who
used the gamified application found it easy to use, useful,
interesting and fun (e.g. "I found app very easy to use and
effective way to get live data from different location. It was
fun and a good experience to provide data for such cause.";
"it was fun and desire to submit observations incentivized
me to walk more: So I would say that it is useful not only
for lakes, but for people as well."; "A great way to study
such an important issue. Hopefully this will continue and I
would participate also in the future."(P20,P35,P1))
• Activeness: This indicator refers to the number of participants who were very active using the application during the
study. There were 18 participants using the non-gamified
application (from beginning to end), out of which, only
three of them were very active users (submitting observations daily) corresponding to 17% of the group population.
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Table 3. User Experience Indicators: Results (where: n)not significant, **)statistically significant at p<0.05, ***)statistically significant at
p<0.01, ****)statistically significant at p<0.001).
Indicator
Effectiveness
Learnability
Satisfaction

Measurment
Submission success
rate
Time to learn to use
the app
Average ease to use
pre survey
Average ease to use
post survey
Average usability
satisfaction

Non-gamified
Jarvida

Gamified
Jarvi

Difference
and sig.

36 %

68 %

32% **

166
sec

167
sec

1 sec n

2,9

3

0.1 n

3

2,8

0.2 n

4,4

4,2

0.2 n

how the application works, once that feeling was reached, a
voice signal was given to the researcher (e.g. "I understand
the application"). Then, the researcher gave a tutorial about
the features of the corresponding application and answered
questions and comments.
Figure 5. Submitted Observations per application over time.

On the other hand, among the 20 participants using the
gamified application (from beginning to end), there were
10 very active participants corresponding to the 50% of its
population.
• Dropout: The study started with 20 participants using the
non-gamified application. Two of them did not complete
the experiment to the end (dropout=10%). On the other
hand, with the gamified application, there were 21 participants in the beginning, out of which 1 abandoned the study
(dropout=5%). This result shows that there were not major
differences in the dropout rate between the two applications.
User Experience:

In this study, the user experience refers to: the submissions
completed when the applications were open (effectiveness),
the time it took to the participants to understand their application (learnability) and the overall perceptions and satisfaction
with their applications usability (satisfaction). The overall
results (see Table 3), show that the effectiveness among the
participants who used the gamified application was twice as
high compared to the ones who used the non-gamified application. On the other hand, there were no major differences on
the learnability and satisfaction indicators between both applications, which mean that participants were satisfied with both
applications. Given this results, the null hypothesis is kept and
the alternative hypothesis is rejected "H20 : The use of gamified elements in a lake monitoring application produces the
same user experience as a with a non-gamified application".
Each indicator and its results are explained below:
• Learnability: This indicator measures the time a participant
spends to get familiar with the application. Participants
were called to attend a one to one meeting for this purpose, the meeting started with an explanation about the
experiment purpose and a consent agreement signing. Then,
participants were given their corresponding application on
a testing device. Each participant would use the application
until he/she would feel that has reached an understanding on
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The non-gamified application users spent 166 seconds in
average to understand their application during their first
interaction. In comparison, the participants who used the
gamified application spent 167 seconds in average. Similarly, the analysis of the dataset of this indicator shows that
the learnability time in the experimental group (who used
the gamified application) was similar to the control group
(who used the non-gamified application) (U = 144.5; p=
0.08693).
• Effectiveness: This indicator measured the submissions
success rate. In this study, the effectiveness ratio was:
E f f ectiveness(%) =

TotalSubmissions
x100%
TimesApplicationOpen

As it can be seen in Figure 6 (Where P is a participant), the
effectiveness in the non-gamified application was 36% (total submissions=44; times the application was open=122).
While the effectiveness in the gamified application was
68% (total submission=260; times the application was
open=381). Hence, the effectiveness was twice higher
in the gamified application compared to the non-gamified
one. Furthermore, the analysis show that the submission
effectiveness in the experimental group (who used the gamified application) was statistically significantly higher than
the control group (who used the non-gamified application)
(U=111; p=0.009844; at p<0.01).
Participants were asked in the post survey to detail the major
issues they experienced while using their corresponding
application. The major reported issue was the reliability, in
particular, application crashes and slow map loading. This
issues can be observed in the previous calculations from
the times the applications were open. This issue is further
discussed in the next section.
• Satisfaction: This indicator was measured by the rate that
participants gave - in a five step Likert scale - to a list
of statements in the pre and post surveys (from strongly
disagree to strongly agree). These statements were based
on standardized questionnaires from [3, 35, 62, 61].
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Table 5. Mann-Whitney U test of post survey ease to use and usability
satisfaction statements (where: n)not significant, **)statistically significant at p<0.05, ***)statistically significant at p<0.01, ****)statistically
significant at p<0.001).

Figure 6. Comparison of Effectiveness Rates among Participants.

In the pre survey statements about ease to use from [3]
were included. As it can be seen in Table 4, participants of
both groups perceived their applications equally usable (as
no statistically significant difference was found during the
analysis).
Table 4. Mann-Whitney U test of pre survey ease to use statements
(where: n)not significant, **)statistically significant at p<0.05, ***)statistically significant at p<0.01, ****)statistically significant at p<0.001).

Statements
I think that I would like to
use this system frequently
I found the system
unnecessarily complex
I thought the system was easy
to use
I would imagine that most
people would learn to use this
system very quickly
I found the system very hard
to use
I needed to learn a lot of
things before I could get going
with this system

U

p-value

Significance

132.5

0.142

n

181

0.987

n

144.5

0.2484

n

159

0.2597

n

157

0.4533

n

197

0.5877

n

140

0.1464

n

166

0.6701

n

158

0.4889

n

2. I followed my progress on the activity tab (3.2)

U

p-value

Significance

183

0.6394

n

186

0.6786

n

204

0.9024

n

4. Seeing my points reduced motivated me to submit new
observations (2.9)

247

0.1492

n

5. I achieved my challenge of submitting 20 observations
in 20 days (2.4)

203

0.9210

n

171

0.3582

n

In the post survey, the same statements about ease to use
from [3] were included and a statement about usability satisfaction [35] was added. Table 5 presents the obtained results.
Alike the pre survey (Table 4), both groups perceived their
applications equally usable (as no statistically significant
difference was found during the analysis). This is also the
case for the overall satisfaction (U=158; p=0.4889).
Gamification Findings

Below we present the gamification related results from the
study post survey:
• Gamification Mechanisms: Participants who used the gamified application were asked to rank statements (from 1=
strongly disagree to 5= strongly agree, in a five Likert scale)
about their experiences with each gamified mechanism in
the post survey. The result show that the statements were
ranked in the following order:
1. Seeing my name in the leaderboard motivated me to
submit more observations (3.4)
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Statements
I think that I would like to
use this system frequently
I found the system
unnecessarily complex
I thought the system was easy
to use
I think that I would need the
support of a technical person
to be able to use this system
I would imagine that most
people would learn to use
this system very quickly
I found the system very clumsy
or difficult to use
I needed to learn a lot of
things before I could get going
with this system
I find it easy to get the
system to do what I want it to do
Overall, I am satisfied with
how easy it was to use the system

3. I learned about global warming with the storyboard
(2.9)

The qualitative data shows that participants paid particular
attention to features such as points, leaderboard and the
story. We found qualitative evidence that some participants
tracked their points and reported issues they considered relevant such as: "didn’t limit observations or daily point"(P18)
or "I didn’t see that any points would have been taken from
me on those days that I did submit a pic"(P1). Also, the
leaderboard appeared to be a popular feature, during the
study the researchers observed that some participants noticed the presence of some of their friends in the leaderboard.
This triggered a healthy social competition. A participant
who was involved in this sort competition pointed out that
"it was fun and desire to submit observations incentivized
me to walk more, So I would say that it is useful not only
for lakes, but for people as well"(P35). Finally, the story
mechanism seems to be an effective mean to raise awareness. Jarvigo participants read the task context from the
story, our qualitative analysis of their post survey comments
show that they considered lakes monitoring an important
issue that needs monitoring ("A great way to study such
an important issue"(P1), "I think that measuring ice thickness would be useful for monitoring"(P35), "It was fun and
a good experience to provide data for such cause"(P20)).
Also, participants were critic about the quality of their observations for monitoring ("I noticed I took many pictures
of interesting rather than representative ice conditions, eg
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small area with no ice when the whole lake was otherwise
frozen"(P24)).
• Enjoyment: In the post survey, statements about enjoyment
from [62] were included. Table 6 presents the obtained
results. Both groups perceived their applications equal in
terms of: being a good idea, interesting, liking to use the
applications, enjoyable and pleasant. However, the analysis
show that the experimental group (who used the gamified
application) had a slight higher perception of fun (U=197;
p=0.09659; at p<0.1) than the control group (who used the
non-gamified application).
This small difference in perception also arose in the qualitative analysis. Where, Jarvigo participants reported that
they found this application interesting, effective, fun and
likeable ("It was very interesting to participate in to this
project"(P16), "effective way to get live data from different
location"(P20),"Otherwise it was fun and desire to submit
observations incentivized me to walk more"(P35), "Generally I like the idea and the app"(P35)). In contrast the
Jarvida participants, found their application only interesting and relevant ("Good idea and an important subject
to study"(P7), "Good quest and raising awareness" (P11),
"useful for understanding the climate change"(P9), "I think
the idea of using the application for the lake monitoring
is interesting and could make some help. And the society
in general would be happy to assist"(P23)). Also, in terms
of motivation we noticed a inner motivated participant in
Jarvigo who highlighted an interest in participating in future
environmental sensing studies ("Hopefully this will continue
and I would participate also in the future"(P1)). On the
other hand, a Jarvida participant highlighted a lack of motivation ("I had some lack of motivation in the sense that I
didn’t feel how pictures from my phone could help in lake
condition monitoring"(P23)). This puts in evidence a fundamental challenge for participatory sensing, inner human
motivation. The inner motivation or lack of it has a great
role onto the behavior of participants. A participant who
already has an inner motivation will see it increased by the
use of this mechanisms. On the other hand a participant
who lacks of it can experience an opposite effect.

Summary and Reflection

In summary, through our study we find that the gamified features of the app increased participants’ submissions without
affecting the perceived usability of the application.
Perception of user experience vs. actual user behavior

One of the most interesting results of this study is that perceived user experience and engagement did not vary between
the test groups, however the test shows that the actual engagement (in terms of participants’ submission) did vary. Selfreporting survey are a popular in research and several engagement scales have previously been successfully validated [65,
55]. However, in our study, the actual logging data tells a
different story to the results collected from our self-reporting
survey - this is in line with Moller et al. findings [41].

U

p-value

Significance

166.5

0.6648

n

197

0.6027

n

Observed impact of gamification onto engagement

233.5

0.09659

n

189

0.7904

n

186

0.8642

n

171.5

0.8031

n

• Playfulness: In the post survey, statements about playfulness from [61] were included. Participants were asked to
characterize themselves when they use their corresponding
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Figure 7. Application Playfulness Perceived by Participants.

Gamification literature suggests that effective gamification involves leveraging on the game elements to foster users’ three
innate needs for intrinsic motivation11 [52], originally adapted
from Deci and Ryan’s self-determination theory (SDT) [9].
These principles were used to foster internal motivation in the
application in regard to relatedness, competence, and autonomy.

Table 6. Mann-Whitney U test of post survey enjoyment statements
(where: n)not significant, **)statistically significant at p<0.05, ***)statistically significant at p<0.01, ****)statistically significant at p<0.001).

Statements
Using the mobile software
for measurement is a good idea
The program makes measuring
tasks more interesting
Working with the program is fun
I like using the program to
measure lakes
I found using the system
to be enjoyable
The actual process of
using the system is pleasant

application (" How would you characterize yourself when
you used the system?"). The results show (Fig 7) that the
participants who used the non-gamified application would
characterize themselves mainly as flexible, spontaneous and
creative. On the other hand, the participants who used the
gamified application would characterize themselves mainly
as spontaneous, flexible and playful.

Gamification depends on specific mixture and preparation of
a system, which cannot be deconstructed by pieces and thus
measured individually. Gamification is about "experiences,
not elements" [10]. A game-like system has to be fun and
there is a limit to deconstruction until the individual elements
stop being engaging [10, 34]. Prior work in the field of participatory sensing and HCI [39, 46] have studied single game
features such as the leaderboard, using also an experimental
approach. The findings in this study bring insights about the
11 Intrinsic

motivation in gamification literature; autonomous motivation in self-determination theory literature
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effect of gamification as a bundle of features onto human engagement. This reflects that there is no plug and play solution
to engage humans into environmental sensing. Hence, gamification design should move from stimulus-effect determinism
to providing fun, engaging and playful experiences [10] .
Design Reflections

Our study provides new insights into the use of gamification to
enhance human engagement and user experience in participatory sensing systems for environmental monitoring. Based on
our findings we suggest the following design considerations
for future PS developments:
• Support personalized notification triggers: While some
participants appreciate to not be hassled with notifications,
others need notifications to remind them to submit observations "The app could send reminds for us to use it more
often"(P2), "Sometimes you need to have a reminder for
submitting an observation , because it is easy to forget!"
(P5). The amount of notifications a participant can consider
appropriate may change from person to person. Thus, PS
should embedded mechanisms such as sliders to allow participants to adjust how often they wish to receive reminders.
• Support customizable challenges to avoid negative feedback (e.g. discouragement) triggered from the lack of
achievement: Competition tends to encourage those on top
of the leaderboard but, it can demotivate those who are
not among the top [39]. A participant who ranked among
the top in the jarvigo said that "it was fun and desire to
submit observations incentivized me to walk more" (P35).
On the other hand, there were participants whose lifestyle
limited the amount of time they could spent using the application, they reported this limitation as a major issue "I
wasn’t visiting the lake so often." (P2) "Perhaps the major
issue was trying to use Jarvi more often, especially when
walking near Lakes. Unfortunately, I didn’t spent much
time near the Lake due to busy schedule"(P38). Mechanisms that allow the customization of the challenges (e.g.
choose a challenge) and the leaderboards (e.g. choose with
whom to compete or weekly resets) with the lifestyles of
the participants could result into effective mechanisms for
motivation.
• Support social interaction between users: A number of
participants were motivated by competing with other participants they knew beforehand. This triggered social interactions in person between the participants. Applications
such as Pokemon GO provide opportunities for their players
to meet and tackle challenges together (e.g. raid battles).
The sense of community is important in PS and supporting social interaction beyond likes is a promising path that
requires further research.
• Allow users to explore submitted data: A number of participants were interested in seeing the photos recorded by
other participants "Would have been nice to see the pictures of other people what they submitted." (P3), "I Would
have liked to get access to my own photos - and others’ as
well."(P19). This supports the previous design consideration related to social interaction. Participants do their bit but
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also want to be part of a community and see what others are
doing, applications such as Instagram have designed simple
mechanisms to have such interaction. Hence, opening the
submitted data to the participants could strengthen the sense
of purpose by allowing participants to see the effect and
reach of their submissions.
• Enhance indoor experiences: Going out to nature is part
of the "fun" of contributing with an environmental PS initiative "I like going to nature"(P3) . However, ways to
contribute indoors should be enhanced as well, so that participants can contribute even if they cannot go outdoors
during a certain period of time (e.g. weather conditions "It
was a bit uncomfortable to use the app in cold conditions"
(P24)). This would enhance the feelings of competence
and achievement. Applications such as Galaxy Zoo are
built around indoor experiences, where participants perform
classification tasks at their computers.
• Support interactive feedback: Several participants suggested new features and improvements to the current system via the surveys; Maybe instead of google maps it would
more reliable and robust to just have a static map like picture with some coordinates system on it" (P28), "suggestion
is to provide some lighter version of the application, especially for slow connection internet"(P32), "In my opinion,
the steps of adding new spot and then adding ice information to that spot could integrated into one step. Also, there
could be some note that you can use the same spot for multiple times to record observations."(P33). This comments
unveil an opportunity to involve the participants as a cocreators. This behavior needs to be enhanced via design
mechanisms that encourage feedback and co-creation from
participants.
LIMITATIONS AND FUTURE WORK
Limitations

The first limitation of this study is its short duration which was
not enough to explore how participants’ behavior change over
time. However, this was out of scope of this study.
Although some insight about the individual effect of each
gamification feature onto engagement was illustrated using the
qualitative data collected via surveys. This analysis is limited
by the current study data (which is mainly quantitative) and
could be improved by more usage data statistics in future
studies.
Another limitation is the unfamiliarity of few participants
with Android devices, as the developed sensing applications
were only available for iOS and Android. As a result, six
participants received devices with their respective sensing
application installed for the time of the study. This might
have had an effect on the learnability measure, because the
participants had to learn to use a new device on top of learning
how to use the application.
Future Work

Participatory Sensing faces several challenges including privacy and security concerns, data quality and standardization.
Yet, participation is fundamental to capture contextual local
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knowledge about patterns that often are ignored in bigger
scales. Some studies have already looked into what motivates
people to get involved in participatory sensing projects [19,
15]. However, it still remains unanswered how could the effect
of ICT on engagement be scaled up to larger time spans, and
how PS could be used to engage citizens as designers and
innovators. Following this study, we will design an action
research intervention to explore the participants’ engagement
over a longer period of time. This subsequent study will explore whether co-creation as a design approach enhances both
the feeling and perception of engagement, and longer-term
effects [51].
CONCLUSIONS

In this work, we present the results from an experimental user
study that explored the impact of gamification on engagement
and user experience. We designed, deployed and evaluated
two environmental sensing applications (one gamified and one
non-gamified) via a 20 days experiment with volunteers. We
found that gamification affected the participants’ engagement
in a positive way (producing more submissions), without improving nor compromising their user experience. This led us
to think that in order to produce human engagement, altering interfaces is not enough. This supports the review results
of Nacke et al. [44] that adding simple visual manifestation
of gamification elements or deterministic mechanics to the
interface is not enough without considering other aspects of
engagement. Deterding et al. propose [10] that gamified motivation design should move from stimulus-effect determinism
to providing fun, engaging and playful experiences. Our participants mentioned "proving data for a good cause", "I like
going out to nature" and "it is useful not only for lakes, but
for people as well" as motivating factors. This leads us to conclude that the gamification design for environmental sensing
had a positive effect on participants’ engagement.
Even when the underlying technology is still evolving, participatory sensing has already shown its great potential, not
only as a tool for citizens’ collecting data but also as a vehicle
for engaging a large public community in solving social and
environmental challenges. These systems have the potential
to close the gaps among researchers, environmental experts,
decision-makers, and the people, while collecting data and
building a whole new level of services (from the people, for
the people). However, the success of participatory sensing
relies heavily on continuous citizen participation and the computational capacity to extract patterns from the data being
collected.
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CASE STUDIES

Drivers of Participation in Digital Citizen Science:
Case Studies on Järviwiki and Safecast
Victoria Palacin*,†, Sarah Gilbert‡, Shane Orchard§, Angela Eaton‖, Maria Angela Ferrario¶
and Ari Happonen*
Digital citizen science platforms are prominent examples of modern volunteerism that provide people
with opportunities to observe natural phenomena and to engage in scientific processes. In this study, we
explore the values and motivations underlying sustained participation in digital citizen science projects
through the lenses of two social psychology theories (Schwartz’s Human Values Theory and Self-Determination Theory). We present in-depth analyses of interviews with 15 long-term volunteers in two digital
citizen science initiatives (Järviwiki and Safecast) that have been collecting environmental data for a
decade in Finland and Japan. Our results advance the understanding of the values underpinning motivations. Our analyses show that openness-to-change values, such as self-direction, are important for initial
participation, yet a diverse range of values, except for power, play a role in sustaining participation. Our
study also shows that the values related to sustained participation are linked with extrinsic motivations,
suggesting that when extrinsic motivators are self-directed, people will not only perform tasks willingly
and enthusiastically but also in a sustained manner. Conceptualizing the behavioral continuum that drives
volunteering actions provides practical insights that can assist the design, development, and evaluation
of digital citizen science platforms.
Keywords: digital citizen science; human values; motivation; incentive mechanisms; Safecast; Järviwiki
Introduction
Technology enables public participation (Rotman et al.
2014a; Ruge 2015), by helping people to engage in projects
that serve a breadth of purposes, in contexts such as open
governance, community action, and participatory science.
Participatory science has enjoyed considerable success
through a wide variety of projects, from classifying galaxies
in Galaxy Zoo, to protein folding in the game FoldIt, and
the Audubon Society’s Christmas bird count, which has
been running for a century. Digital citizen science projects
such as these are playing an increasingly important role in
scientific progress by raising public awareness, helping foster informed decision-making, and supporting communal
data literacy projects (Balestrini et al. 2015).
In this work, we focus on digital citizen science platforms for environmental monitoring. These platforms
are designed to support people-driven data collection of
meaningful, geospatial data via mobile devices (Burke et
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al. 2006; Goldman et al. 2009; Ganti et al. 2011; Guo et al.
2014). These technologies have become widely popular in
the last decade across the world (Ruge 2015), with digital
citizen science platforms like Safecast and eBird engaging
millions of people in observing environmental phenomena. Digital citizen science, however, faces numerous challenges including privacy and security concerns (Christin et
al. 2011; Krontiris et al. 2014), data quality and interoperability issues (Loss et al. 2015; Foody et al. 2017), lack of
reusable development methods and frameworks (Heggen
2013; Zaman and De Meuter 2015), and a need for sustained participation (Foody et al. 2017; Jennett and Cox
2018; Orchard 2018). This last challenge is pivotal because
without participation, these projects cannot exist.
This has motivated numerous studies in digital citizen
science to identify and report the motivations of participants from interviews and surveys (Rotman et al. 2012;
Iacovides et al. 2013; Reed et al. 2013; Curtis 2015; Jennett
and Cox 2018; Orchard 2018). Also, scholars in the participatory sensing field have approached the study of participation by designing reward-centric incentive mechanisms
aimed at enhancing volunteers’ engagement (Jaimes et al.
2015; Restuccia et al. 2016). Despite these efforts, we still
have little knowledge about how social and psychological
factors can affect participatory behaviors that are fundamental to the success of digital citizen science platforms
(Foody et al. 2017; Jennett and Cox 2018).
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Currently, there is a need to understand a) how volunteering behaviors (actions) in digital citizen science relate
to behavioral drivers (Jennett and Cox 2018; Palacin-Silva
et al. 2018) and b) the effect of temporal factors on these
volunteering behaviors (Rotman et al. 2012; Rotman et
al. 2014b). It is not possible to study volunteering behaviors (actions) or motivations alone without understanding the values that drive them (Knowles 2013). To learn
more about what drives initial and sustained participation we used two meta-theories from social psychology,
Schwartz’s Human Values Theory (Schwartz 2012) and
Self-Determination Theory (SDT) (Ryan and Deci 2000b),
to explore volunteering dynamics in two digital citizen science cases. Schwartz’s Human Values Theory is an established theory in social psychology that seeks to measure
universal values (Schwartz 2006), which are understood
to be one of the drivers of individual action through
their effect on people’s attitudes, emotions, and behaviors across time and situations (Maio 2016, pp. 51–126).
This theory has been shown to be predictive of participation decisions in online contexts (Hsieh et al. 2013) and
has been validated in several domains and dozens of different countries (Maio 2016, pp. 53–59) SDT (Ryan and
Deci 2000b) is a theory of motivation that addresses the
source of underlying needs that give rise to activity, such
as autonomy (control over one’s goals and actions), competence (sense of mastery at tasks and/or new learning),
and relatedness (experiencing a sense of social belonging).
An advantage of SDT is that these needs are reported to be
innate and universal, making the theory useful for understanding motivations in a wide variety of contexts. In this
study, we acknowledge the feedback relationship between
actions, motivations, and values (Knowles 2013, p. 103;
Maio 2016; Hanel et al. 2017; Palacin-Silva, 2018, p. 4).
Our study helps to advance understanding of the values
and motivations that drive participation in digital citizen
science. Conceptualizing the behavioral continuum that
drives volunteering actions can provide practical insights
to inform digital citizen science design, guide the design
of incentive mechanisms, map volunteer experiences, and
evaluate and test technological platforms. We build on
existing work on participation in digital citizen science
platforms (Balestrini et al. 2015; Jennett and Cox 2018) by
presenting in-depth analyses of two case studies that have
successfully engaged volunteers in Finland and Japan:
Järviwiki, which is an environmental observatory maintained by the Finnish government in which volunteers
log information about the state of lakes and water bodies
across Finland; and Safecast, which is a Japanese volunteer-run initiative, started in response to the Fukushima
power plant disaster, in which participants collect data
about radiation by carrying Geiger devices. These cases
are particularly interesting for two reasons: first, they have
engaged volunteers for more than a decade in environmental monitoring; and second, they have collected the
largest environmental datasets about the phenomena
they monitor in the countries where they were launched.
To better understand the success of these projects, we
interviewed 15 long-term volunteers from Safecast and
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Järviwiki and conducted thematic analyses to map values
and motivations that relate to participation.
This paper begins with an overview of the two digital
citizen science projects. We then review related work in
the field and the two theoretical constructs that guide our
analysis. The results are organized by each of the three
research questions, identifying the underlying motivations, values, and associations between them in the two
case studies. Finally, in the discussion, we reflect on the
relevance of these findings to the future of digital citizen
science in the era of online participation, and we highlight
potential engagement pitfalls.
Case Studies
Safecast

Safecast was developed in response to a natural disaster.
In March 2011, a 9.0 Mw earthquake hit Japan’s coast and
caused a nuclear energy accident in the Fukushima power
plant. This accident was the second major event of its kind
in the world and its effects will stand for decades to come.
During massive disasters such as this, people rely on traditional mass media, such as television, radio, and newspapers, to get information. In the weeks that followed
the accident, activity on social media showed a growing
mistrust of the government and mainstream media due
to a delayed release of radiation records (Hajikhani et al.
2018). In response, people started buying Geiger counters.
Commercially available supplies ran out quickly, which
led to people become increasingly interested in building
their own devices. This discussion was taken to the Tokyo
Hackerspace by a multidisciplinary group of people, and a
week later “bGeigie” was built. This was the beginning of
the Safecast initiative.
Safecast (blog.safecast.org) provided people with the
opportunity to build their own Geiger devices and to
collect radiation measures by providing instructions and
hardware. This enables people to monitor their own environments rather than depend on governmental bodies for
that information. Once participants collect the data, they
upload it to an open site so anyone can use it. As of 2019,
Safecast has supported the collection of more radiation
data than all citizen science projects in history (more than
40 million data points), and is the largest monitoring project in the field.
Safecast is entirely volunteer run. In exchange for their
participation, volunteers get 1) real-time information
about the radiation levels of places of interest to them
(e.g., their home or their children’s school), and 2) learning experiences from interactions with a community of
people who share their knowledge on how to build and
operate Geiger devices and how to make sense of open
data.
Järviwiki

In Finland, data describing the condition of Finnish lakes
were only narrowly available until 2009, in that access
was limited by government protocols. While some data
had been moved to electronic databases, it was not freely
and openly accessible over the Internet. In 2009, however,
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this changed with the introduction of national-level open
data movements such as the Helsinki Region Infoshare—a
service that aims to make all public regional information
quickly and easily accessible through the Internet. The
trend of opening public data continued, and as of April
2020, the Finnish open data registry listed 1718 openly
shared datasets and 791 organizations participating in
open data movements.
In 2011, Järviwiki (Lakewiki in English) was launched
in response to increasing interest in making public the
observations that the Finnish Environment Institute
(SYKE) had been receiving (via post) for decades from local
people. Its monitoring schema relies fully on public participation: People write and maintain their observations
on the wiki. Järviwiki supports the collection of data such
as water temperature, surface status, sunlight penetration
measurement (Secchi depth) and algae blooms. Järviwiki
provides an information-sharing platform and generates
a centralized visualization based on collected data, thus
building additional knowledge on top of individuals’ personally collected data. Through participation, people in
Finland have become stewards of their lakes and are more
actively joining and starting restoration initiatives across
the country.
Järviwiki is an observatory maintained by the Finnish
government but is run by volunteers. In exchange for
their participation volunteers get 1) information about
the state of water bodies in places of interest to them (e.g.,
the lake near their cottage) that has been processed by
the platform and is plotted in usable charts, and 2) digital social rewards by having their names publicly listed as
contributors to the lake’s wiki.
Related Work

Public participation and participatory science

Work by the United Nations suggests that environmental
issues are best handled with the participation of all concerned people (United Nations 1992; United Nations Economic Commission for Europe 1998), Public participation
has become a norm in policy and decision-making in most
countries, (Mapuva 2015; Quick and Bryson, 2016) and an
irreplaceable part of the sustainable development agenda
(Brundtland et al., 1987; United Nations 1992). This is particularly true for environmental decision-making, where
public participation has been sought and embedded into
environmental policy on local and international scales in
an attempt to improve the quality, acceptance, and durability of decisions (Reed 2008).
Participatory science is a practice in which members of
the public collaborate with professional scientists to conduct scientific research (Bonney et al. 2009; Hand 2010;
Dickinson et al. 2012). Often people conduct activities
such as collecting, categorizing, transcribing, or analyzing
scientific data about a phenomenon of interest (Bonney
et al. 2014). This practice has become extremely popular across many scientific disciplines in the past decade
(Rotman et al. 2014a), assisted by the rapid spread of
mobile technologies. Digital citizen science has evolved
to support people-driven data collection of meaningful,
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geospatial data via mobile devices (Burke et al. 2006;
Heggen 2013).
Participatory environmental sensing

Digital citizen science includes a subset of projects known
collectively as participatory environmental sensing, citizen sensing, crowdsensing, or community monitoring
(Burke et al. 2006; Goldman et al. 2009; Ganti et al. 2011;
Guo et al. 2014), which have been used for a variety of
purposes including scientific research and crisis communication (Goldman et al. 2009; Estrin et al. 2010). They
also serve as an effective means for inclusive engagement,
education, and civic outreach (Bonney et al. 2009; Hand
2010; Dickinson et al. 2012). The data submitted via digital citizen science platforms represents a deliberative act
of modern public participation (Palacin-Silva et al. 2018).
Participatory environmental sensing presents an opportunity to monitor social and environmental phenomena
at large scales through technology (Newman et al., 2012;
Guo et al. 2014; Balestrini et al. 2015). Some sensing projects have already achieved outstanding results, such as
the creation of the largest radiation records in history by
Safecast (Safecast 2019), large records of bird populations
by eBird (eBird 2019), identifying new galaxy elements by
Zooniverse (Zooniverse project 2019), and discoveries of
different protein types by FoldIt (University of Washington
Center for Game Science 2019).
Motivations to volunteer in digital citizen science

People join and participate in community projects for
several reasons. Understanding the motivational aspect
of volunteering in digital citizen science is still a developing field of knowledge (Jennett and Cox 2018). Field
projects such as iSPEX (Land-Zandstra et al. 2016), Zoouniverse (Reed et al. 2013), Stardust@home (Nov et al.
2011), Happy Match (Crowston and Prestopnik 2013),
and the Great Pollinator (Domroese and Johnson 2017)
have reported that their participants are driven by a deep
interest in contributing to science, followed by curiosity
(e.g., to try new devices or experiences), learning interests,
enjoyment of the activities and social engagements (e.g.,
a sense of community). In addition, some research studies
of FoldIt (Iacovides et al. 2013), Eyewire (Curtis 2015), and
small-scale citizen science projects (Rotman et al. 2012;
Rotman et al. 2014b), have highlighted that recognition
is also a driver of participation. Still, the knowledge we
have regarding the temporality of these motivations and
how they change/evolve/strengthen/disappear during a
project is still quite limited (Rotman et al. 2014a; Rotman
et al. 2014b).
Incentive mechanisms

To meet the motivational needs of volunteers and nurture sustained participation behaviors, citizen science
projects may use incentive mechanisms. These mechanisms provide incentives that range from remuneration
(e.g., through micropayments, gamification, and reputation mechanisms) to non-monetary incentives (e.g.,
social rewards and hedonism-enhancing features) often
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aligned with auction theories and/or resource or privacy
awareness principles (Khan et al. 2012; Jaimes et al. 2015;
Restuccia et al. 2016). Table 1 summarizes 25 metatypes
of incentive mechanisms from two taxonomies (Jaimes
et al. 2015; Restuccia et al. 2016). Most of these incentive
mechanisms appeal to self-enhancement values, which
means that these mechanisms are based on providing
what is classified as wealth or reputation, online or offline,
to increase participation. This may have unintended consequences, such as driving people to become more selfinterested and less likely to support pro-social or proenvironmental activities in the longer term, as evidenced
in the self-enhancement pitfall by the Common Cause
Report (Crompton 2010, p. 37). Thus, it is important to
study incentive mechanisms beyond those that focus on
self-enhancement.
Human values, motivations, and actions

Research on digital citizen science has focused on understanding concrete actions (i.e., volunteering behaviors) to
nurture participation (Nov et al. 2011; Rotman et al. 2012;
Crowston and Prestopnik 2013; Iacovides et al. 2013; Reed
et al. 2013; Curtis 2015; Land-Zandstra et al. 2016; Domroese and Johnson 2017; Jennett and Cox 2018; Orchard
2018). Yet, sustaining participation in citizen science
projects remains a major challenge (See et al. 2016; Jennett and Cox 2018; Palacin-Silva et al. 2018). As Knowles
highlights in her work (Knowles 2013, p. 103): “trying to
affect behavior without affecting the underlying motivations for this behavior (e.g., values, frames, worldview) is
a Sisyphean task: no matter how much progress is made,

there will continue to be powerful forces working against
success.” Scholarly work in social psychology argues that
behavior is the result of the trade-off between values
and motivations alongside other individual differences,
including traits, habits, ideologies, attitudes, and life circumstances (Kasser and Ryan 1996; Kasser 2002; Grouzet
et al. 2005; Maio 2016, pp. 51–126). Therefore, we explore
participation through two theoretical lenses: the human
values that underlie actions and the motivations that
drive them.
Human Values Theory

As Rokeach noted, “Every human has a set of values.”
(Rokeach 1973, p. 5). Rokeach described human values as
“beliefs that a specific mode of conduct or end-state of
existence is personally or socially preferable to an opposite or converse mode of conduct or end-state of existence” (Rokeach 1973, p. 5). These guiding principles of
life organize people’s attitudes, emotions, and behaviors,
and typically endure across time and situations (Schwartz
2006). Human values have been conceptualized by many
theorists and researchers since the 1950s as a) beliefs
linked with emotion that are not objective; b) motivational constructs that reflect desirable goals; c) transcendent actions and situations (that differ from norms or
attitudes); d) standards or criteria that guide one’s decision making; and e) an interlinked system with values
affecting one another (Schwartz 1994).
Schwartz developed an empirically grounded theoretical model considering 67 countries that identified 10 basic
human values derived from three universal requirements

Table 1: Taxonomies of incentive mechanisms in digital citizen science/participatory sensing.
Source

Type

Mechanism

Taxonomy of incentive mechanisms
for citizen science (Jaimes et al.
2015)

Monetary

–
–
–
–
–
–
–
–
–
–

Collective motivations

– Noise spy
– P-Sense

Social reward:
interaction

– Noisetube
– Cenceme

Social reward: self interest

– Livecompare
– Mobishop

Intrinsic motivations and fun

– Ebirding
– Floracaching

General purpose

– Non-game theoretical
– Auction based theory
– Non-auction based theory

Application specific

– Quid pro quo
– Information trade
– Gamification

Taxonomy of incentive mechanisms
in participatory sensing (Restuccia
et al. 2016)

Uniform micropayments
Macro micropayments
RADP-VP-RC
Credit satisfaction index
Multi-interaction
Regret minimization
Steered crowd sensing
Platform-centric
User centric
VGC reverse
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of a human being: social interaction, biological needs
of individuals, and survival needs of groups. These basic
human values are distributed along four higher-level
dimensions: 1) self-enhancement (concern for oneself);
2) self-transcendence (concern for others’ well being);
3) openness to change (readiness for change); and 4) conservationist (preservation of the current status and resistance to change) (Schwartz 2003, 2006).
As depicted in Figure 1, the circumplex structure in
Schwartz’s Values Theory indicates strengthening and
suppressing dynamics between values such as the bleedover effect and the seesaw effect. In the bleed-over effect,
values that appear next to each other are more likely to be
equally important to a person. Moreover, the activation
of a value has a strengthening effect on neighboring values. In the seesaw effect, values on opposing sides of the
circumplex are rarely held strongly by the same person.
When a value is activated, its opposing values tend to be
suppressed (Crompton 2010). We introduce the ten basic
human values along with quotation examples from this
study in Table 2.
Schwartz’s Human Values Theory has been studied in
domains like psychology (Maio 2016) and social (Bilsky
et al. 2011) and political sciences (Feldman 2003). More
recently, however, computing-related research areas
such as human-computer interaction (HCI) (Preece 2016;
Preece and Shneiderman 2009), value-sensitive design
(Friedman and Hendry 2019), values-first software engineering (Ferrario et al. 2016), and social computing (Chen
et al. 2014) have used this theory in their studies.
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Prior research has shown correlations between people’s
values and their corresponding actions and behaviors (see,
for example, Bardi and Schwartz 2003; Crompton 2010;
Kingston 2016; Seddig and Davidov 2018). It is argued that
people feel a sense of achievement when their actions are
aligned with their most important values (Rokeach 1973).
This causes a conscious and/or unconscious pursuit of
consistency between values and behavioral choices (Bardi
and Schwartz 2003; Crompton 2010). Often, values are
grouped as intrinsic and extrinsic (Crompton 2010, p. 77).
Intrinsic values represent values related to caring about
issues bigger than the self (e.g., benevolence), and extrinsic values are those related to individual self-enhancement (e.g., power). However, it is debatable whether this
grouping is an oversimplification of values (Common
Cause Foundation 2014) because some values may seen
as neither intrinsic nor extrinsic (such as security), and the
binary grouping gives the mistaken impression of one side
being better than the other. SDT can offer some insights
to inform this debate.
Self-Determination Theory

SDT is macro-theory of human motivation with a number
of empirically testable aspects that have been widely validated across varied contexts, such as learning (Ryan and
Deci 2000a), gaming and game design (Tyack and Mekler
2020), and peer production (Benkler 2011). The theory
addresses the source of underlying needs that give rise to
activity, such as autonomy (control over one’s goals and
actions), competence (sense of mastery at tasks and/or

Figure 1: Schwartz’s Human Values circumplex (adapted from Schwartz 2003).
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Table 2: Basic human values defined by Schwartz (Schwartz 2003), with examples extracted from the interviews.
Value

Definition

Universalism

Example from the interviews

To pursue understanding, apprecia“As a old scout, nature is important.”
tion, tolerance, and protection for the (Participant 3)
wellbeing of everyone and for nature.

Benevolence

To pursue the preservation and
enhancement of the welfare of the
people we know.

“I thought this might be beneficial for someone.”
(Participant 3)

Conformity/Tradition

To pursue respect, commitment and
acceptance of traditional practices
aligned with culture or religion.

“I started already [monitoring lakes] as a child, I was 15 years old
when it clicked.
I think it’s the regularity.” (Participant 6)
“Because the place itself was a like a community, like a part of Japan’s
history and I thought it was important to preserve them.” (Participant 15)

Security

To pursue safety, harmony, and stability of society, of relations and of self.

“We knew the real problems in the lake and let’s say that we have now
dug into the problem and I was happy to start updating.” (Participant 7)

Power

To pursue social status and prestige,
control or dominance over people
and resources.

“When you do radiation monitoring in partnership with universities, you don’t get interruptions by government nor by researchers.”
(Participant 9)

Achievement

To pursue personal success through
“I got to get high level knowledge of radiation
demonstrating competence a ccording which master’s degree students might learn.” (Participant 11)
to social standards.

Hedonism

To pursue pleasure and sensuous
gratification for oneself.

“I would do this as a side activity while warming up my sauna, I
would upload data on the platform.” (Participant 8)

Stimulation

To pursue excitement, novelty, and
challenge in life.

“I’ve noticed that the system has been developed and there has been more
features. Of course, it becomes more interesting the more there are different types of observations and data related to waters.” (Participant 5)

Self-Direction

To pursue independent thought and
action, choosing, creating, exploring.

“I had a notebook where I started putting them, every day. Then I
started doing charts to a notebook.” (Participant 6)

new learning), and relatedness (experiencing a sense of
social belonging), while acknowledging that support and
nutriments from the social context of the environment
are sought to satisfy growth development (Ryan and Deci
2000a,b; 2017).
A benefit of SDT is that it untangles prior binary understandings of motivation by postulating the existence of six
types of motivations that fall along a spectrum from intrinsic to extrinsic (see Figure 2). Intrinsic motivations have
often been emphasized as key to sustaining engagement,
whilst extrinsic motivations have often been disregarded
owing to the assumption that they lead to resentfulness
or disinterest (Ryan and Deci 2000b). However, SDT has
evidenced that not all extrinsic motivators are the same;
rather, they have varying degrees of internalization and
integration, where internalization refers to the process
of taking a value as one’s own, and integration refers to
the process by which individuals come to think of an
externally motivated task as self-enforced. As extrinsic
motivations are internalized, they move upwards in the
continuum towards intrinsic motivation.
Ryan and Deci (2000a) suggest two ways that internalization may be facilitated: first, by enhancing selfefficacy and autonomy, and second, by harnessing the
social components of extrinsic motivations, such as sense
of belonging and relatedness. Thus, while some extrinsic motivations could lead to resentment, others are

positively motivating and can drive people to perform
tasks willingly and enthusiastically. Table 3 presents the
scale of motivations as defined by Ryan and Deci (2000a)
with examples from the interviews. Studying motivations
provides key insights into why people freely devote their
time and energy to volunteer projects. However, Benkler
(2011) argues that participation in user-driven enterprises,
such as digital citizen science, occurs because humans are
largely selfless. While self-interest is a factor, people are
driven to social and collaborative production. This argument makes SDT particularly compelling as an approach
to help investigate these potential explanations.
Connecting Values and Motivations

In 2017, new findings in values research noted that “value
instantiations” were the bridge between abstract values and
specific actions (Hanel et al. 2017). Researchers observed
that even if the same level of importance is attributed to
a specific value, different people might produce different actions in response to it. This was attributed to differences in contexts and personal experiences across the
world (Hanel et al. 2017). Motivations, as such, are value
instantiations that drive actions and have a highly contextual and temporal nature (Maio 2016). In this study, we
acknowledge the feedback relationship between actions,
motivations, and values (see Figure 3) (Knowles 2013, p.
103; Maio 2016; Hanel et al. 2017; Palacin-Silva 2018, p. 4).

Palacin et al: Drivers of Participation in Digital Citizen Science

Art. 22, page 7 of 20

Figure 2: The spectrum of motivation according to the Self-Determination Theory (adapted from Ryan and Deci 2000b).
Table 3: Motivations defined by Ryan and Deci (2000a) with examples extracted from the interviews.
Motivation

Definition

Example

Amotivation

Lacking intention to act, not feeling competent,
and believing that acting will not yield the
desired outcome.

“Japan is a busy country; Japanese volunteers were trying to
find time to monitor data when they were also busy with work
and family. So, we did not have much time.” (Participant 11)

External

Actions performed to satisfy a demand or
externally imposed reward

“At that time what made us anxious was that media was saying it was dangerous and other many things.” (Participant 13)

Introjected

Actions performed due to pressure, to avoid
guilt, or to enhance ego, self-esteem, and/or
self-worth

“Compared to other users on the same lake [I am] most active,
but [I do] envy some people on lake Saimaa that have automatic monitoring.” (Participant 3)

Identification

Actions on behalf of a goal that is of personal
importance, so activities conducted are accepted
as one’s own

“After the earthquake everyone wanted to know the information about radiation, and I bought the device after two or
three months. I started to measure radiation around my house
and places inside my town including the streets my children
use to go school.” (Participant 14)

Integrated

Activities are fully assimilated to the self.
“Lakes are part of Finnish nature.
These motivations share qualities with intrinsic They are important to Finnish people.” (Participant 2)
motivation but are extrinsic because they are
still conducted for an outcome that is separate
from the behavior, even though it is valued by
the self

Intrinsic

Behavior that is completely self-determined
and, in contrast to extrinsic motivation, not
a means to an end but rather pursued for its
own sake. Intrinsically motivated behavior is
sustained by the experience of interest and
enjoyment.

“Well this is only a hobby, some sort of thing to be proud as
there are lot of my pictures there.” (Participant 1)
“It is still fun now. It is community, community is fun.”
(Participant 3)
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Figure 3: Feedback relationship between values, motivations, and actions (adapted from Palacin-Silva 2018, p. 4 and
Knowles 2013, p. 103).
Summary

Participation in digital citizen science projects has been
the focus of numerous studies that identify the motivations of participants from interviews and surveys. Yet there
is a lack of research on the role of psychological constructs
in digital citizen science settings. Given that studies from
social computing and HCI have shown that human values
(Chen et al. 2014; Boyd et al. 2015; Mukta et al. 2016; Esau
2018) and self-determined motivations (Ryan and Deci
2000a; Benkler 2011; Tyack and Mekler 2020) are important influences on digital behaviors, and that values and
motivations are phenomena that exist together; understanding both is important to the concept of long-term
participation. Thus, we explore sustained participation in
two such initiatives and asked:
• RQ 1: What motivates participation in a digital citizen science initiative?
• RQ 2: What are the values underpinning participation in a digital citizen science initiative?
• RQ 3: How do motivations align with values in the
studied cases?
Methodology

Case study design

The main goal of this study was to learn more about why
people join and participate actively for years in digital citizen science projects. Because these questions required an
in-depth explanation of an ongoing social phenomenon,
we opted to take a case study approach (Yin 2018). The
two case studies, Safecast and Järviwiki, were analyzed
using semi-structured interviews. The cases share common features; both have at least a national reach, use
some type of technology for data collection, and have
achieved continuous and sustained volunteer participation for more than five years. However, they differ in their
cultural background and level of governmental support.
Therefore, this was an exploratory multiple–case study
with multiple embedded units of analysis (Yin 2018).
Data collection

With the support of Safecast and Järviwiki, recruitment
calls for this study were distributed via their official mailing lists. Recruitment continued until we exhausted the
population of willing participants. A total of 15 exemplary

volunteers (Järviwiki: 8, Safecast: 7) signed up for this
study1. Interviews were conducted between January and
April 2018. All communications, including emails, surveys, and interviews with the participants, were held in
their native languages (Japanese, Finnish, or English) and
translated after data collection.
The nature of the interview was semi-structured, the
protocol was designed so that each interview would last
45 minutes, and the questions2 and probes were organized in five major sections (see Table 4).
Data analysis

Our approach to data analysis (see Figure 4) followed a
coding process that was based on the identification of
units of meaning (UoM) in relation the Schwartz Human
Values and Termination theories, guided by a codebook
(Boyatzis 1998; Campbell et al. 2013). To improve data
capture and consistency, we utilized two rounds of coding, with two independent coders each, to allow for the
contextualization and refinement of codebook definitions as recommended by (Campbell et al. 2013). Finally,
inter-rater scores (Krippendorff’s alpha) were calculated to
ensure reliability (Krippendorff 2011).
1) Thematic Analyses: The data analysis followed the
semi-qualitative thematic analysis approach by Boyatzis (Boyatzis 1998), where the units of analysis
were units of meaning, described in detail below,
and the themes were the Human Values and SelfDetermination Theories.
2) Units of Meaning: A unit of meaning is a unit of
analysis that represents a portion of sentences or
single paragraphs that capture the full meaning and
context of what a respondent says (Garrison et al.
2006; Campbell et al. 2013). An example of a UoM
would be: “I talked with my neighbors and worker
in my company and offered to use the devices. So,
I lent devices and they were also monitoring radiation.” This procedure reduces coder subjectivity and
to improves the discriminant capability of the coding scheme by ensuring that text would be unitized
in a standard way (Campbell et al. 2013). A total of
1517 UoM were identified across the 15 interviews:
789 were related to human values and 728 to selfdetermination.
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Table 4: Interview design: sections and goals.
Interview section

Goal

Section 1: Participant portrait

Understand participant’s profile and reporting practices

Section 2: Initial motivations

Explore the past interactions with the monitoring platform and volunteering experiences

Section 3: Motivations to stay

Understand current experiences, motivations, and emotions when using the monitoring platform

Section 4: Motivations to leave Identify key tensions and pain points that may have driven dropout from the initiative
Section 5: Dreams

Explore future goals and emotions related to their participation in environmental monitoring

Figure 4: Data analysis overview (UoMs: units of meaning; TA: thematic analysis).
3) Codebook Development and Coding: Codebook development started with the first author creating
initial versions of the two codebooks—the human
values codebook, which was based on Schwartz’s
Human Values Theory (Schwartz 2012), values descriptions by the Common Cause Report (Crompton
2010), and an example study that used the Schwartz
Human Values Theory to perform a thematic analysis (Knowles 2013); and the motivation codebook,
was based on the definitions of human motivation
by Ryan and Deci’s SDT (Ryan and Deci 2000a),
and an example study that used SDT to perform a
thematic analysis (Gilbert 2018). A one-interview
sample was coded by the three researchers using
the initial codebooks. This coding cycle served to
improve the codebooks, which were subsequently
updated with more examples as the coding cycles
continued.
Intercoder reliability and agreement

Intercoder reliability refers to the extent to which two or
more independent coders, using the same coding schema,
agree on the coding of the content (SAGE Research Methods Encyclopedia 2008). Each interview was coded by
two coders. One author coded interviews for the motivations, another for the values, and the first author coded

Table 5: Krippendorff’s alpha scores.
N coders alpha N cases N decisions
Human values TA

2

0,71

789

1,578

Motivations TA

2

0,98

728

1,456

TA: thematic analysis.

interviews for both values and motivations. After the
interviews were coded, Krippendorf’s alpha was used to
test agreement between the coders for each set of codes.
The alpha score for the motivations codes was 0.98, and
for the values, it was 0.71 (see Table 5). As the minimum
acceptable reliability score for the Krippendorff coefficient is 0.67 (Krippendorff 2018), the scores confirmed a
high degree of consistency between the respective coders
for both code sets.
Results
The results are organized by each of the research questions, which identify the underlying motivations, values,
and associations between values and motivations in the
two case studies. Quotations from the interviews are
included in this section and its supplemental files. The
format P(number) denotes the participant from whose
interview the quotation was extracted.
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RQ 1: What motivates participation in a digital
citizen science initiative?

Below we report on the motivations for participating in
each case, including initial participation and sustained
participation.
Safecast

The most described initial motivations of Safecast interviewees were identified and integrated motivations. Similarly, these were also the two types of motivations that
participants described when discussing their reasons for
staying in Safecast. However, amotivation was also commonly described by participants when discussing their
continued participation in Safecast (see Figure 5). Each
of the motivations are discussed in further detail in the
Supplemental File 1, Appendix A.
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Safecast

Self-direction, stimulation, and achievement were important values to participants when joining Safecast. These
were enhanced by a strong need for security and sense of
benevolence, whilst conformity/tradition, universalism,
and power were the least influential values to drive participation. However, the value of hedonism (doing something because it is enjoyable) was not important at all at
the time of joining Safecast (see Figure 7).
Self-direction, universalism, conformity/tradition, and
achievement were the most important values for staying
in Safecast. These are enhanced by a strong need for security, stimulation, and benevolence, while hedonism and
power were the least influential values among the interviewed Safecast participants (see Figure 8). Each of the
values are discussed in further detail in the Supplemental
File 3, Appendix C.

Järviwiki

Unlike Safecast, in which intrinsic motivators were
described by few participants as an initial motivation, Järviwiki participants described intrinsic motivations most frequently when discussing their initial motivations, followed
by identified motivations and integrated motivations.
These three motivations also played an important role in
sustained participation. However, as with Safecast, Järviwiki participants also described challenges to participation,
reflected as amotivation, when discussing sustained participation (see Figure 6). Each of the motivations are discussed
in further detail in the Supplemental File 2, Appendix B.
RQ 2: What are the values underpinning participation
in a digital citizen science initiative?

We report on the values underlying participation (initial participation and sustained participation) in each of the two cases.

Järviwiki

Self-direction, stimulation, conformity/tradition, and universalism were found to be important values at the time of
joining Järviwiki. These were enhanced by a strong sense
of benevolence, hedonism, achievement, and security.
Power was the least influential value driving participation
in the case study sample (see Figure 7).
Self-direction, universalism, conformity/tradition
were reported to be the most important values for staying in Järviwiki; these values are enhanced by a strong
feeling of benevolence, stimulation, achievement,
hedonism, and security. Power was the least influential
value driving sustained participation among the interviewed participants (see Figure 8). Each of the values
are discussed in further detail in the Supplemental File
4, Appendix D.

Figure 5: Motivations underlying participation among Safecast participants.
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Figure 6: Values underlying participation among Järviwiki participants.

Figure 7: Values underlying initial participation among Safecast and Järviwiki participants.
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Figure 8: Values underlying sustained participation among Safecast and Järviwiki participants.
RQ 3: How do motivations align with values in the
studied cases?

The most frequent co-occurrences between values and
motivations are shown in Figure 9. To map these cooccurrences, all the UoMs were cross-analyzed using the
codes for the values and motivations. Finally, we counted
the unique co-occurrences per participant (i.e., if a cooccurrence was mentioned by the same participant several times, it counted as one. For instance, achievement
and integrated motivations were determined to be related
because all 15 volunteers had a UoM where integrated
regulation and achievement co-occurred compared with
one volunteer for whom achievement and external regulation co-occurred.
Our analysis identified areas of overlap between the
motivations and values that drive participation in Safecast
and Järviwiki. These overlaps provide a starting point for
understanding which values can be leveraged to drive
more self-directed and autonomous actions. The co-occurrences are shown in Figure 9.
Figure 9 builds on the Schwartz Human Values circumplex (Schwartz 2003) by adding an additional layer
that showcases where motivations and values overlap in
these two digital citizen science initiatives. The following section highlights these overlaps through illustrative
quotes from the text, organized by motivation.
Amotivation occurs when participants struggle with or
lack intention to act. We found that this most often cooccurred with the combined values of conformity/tradition. This example from P7 highlights one such overlap,
where we can see how hesitance to adopt a new technology results in a reluctance to participate: “I wouldn’t like
to play with IT, it’s kind of against my principles.”

Introjected motivations describe actions that are performed to enhance ego or in response to external pressure
or guilt. We found that this motivation often overlapped
with the value “power.” This quotation from P9 highlights
the important role leaders can play in collaborative online
initiatives [69]: “So I can say those core members have
attraction as a human.”
Identified motivations describe those in which a person
begins to associate some personal importance with the
action. We found that identified motivations often cooccurred with the values stimulation and self-direction. In
our data, we observed co-occurrences between identified
motivations and stimulation when participants described
the technology they were using as a contributing factor
in their participation: “Yeah it nicely visualizes statistical
data with help of a machine” (P8). We also observed overlaps between self-direction and identified motivations.
This connection is unsurprising, given that identified
motivations are the first motivations in the spectrum that
are self-directed. The following quotation from P11 highlights one example of this overlap as they move away from
relying on information provided by others to collecting it
for themselves: “I want to find the truth and I want to find
out by myself to know if the media shows correct data or if
the data is changed by government on purpose.”
Integrated motivation results when an activity is congruent with personally endorsed goals and needs that are
already part of the self. We found that integrated motivations co-occurred with values that are also personally
important, such as universalism, benevolence, security,
and achievement. First, this quotation from P11 provides an example of overlap between integrated motivations and universalism, as their love of nature is fully
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Figure 9: Interaction between values and motivations underlying participation among Järviwiki and Safecast
participants.
assimilated as part of themselves and is a core reason for
contributing to Safecast: “When I was small my parents
raised up me and taught me to appreciate and be close
to and commune with nature. And I have been loving
nature.” Similarly, the value benevolence was also associated with integrated motivations as participants described
helping others as a value that was highly integrated. For
example, P5 discusses how participation in Järviwiki creates an archive of nature observances that anyone can contribute to: “It is a good tool to save observations to kind
of common memory.” We also observed overlaps between
security and integrated motivations, such as in this quote
from P14: “It is still said our fundamental power resource
is nuclear power plant, we don’t know when the next accident will happen. So, I think what we need is to do something to prepare ourselves.” Because Japan continues to
rely on nuclear power, Safecast allows participants to collect information that provides them with a greater degree
of certainty regarding air quality. Finally, in this quotation
from P9, we see how achievement and integrated motivation overlap as P9 describes their ultimately successful
learning process through participation in Safecast: “by
hearing and talking those conversations about radiation
and I started to understand more and more.”
Intrinsic motivations, where activities are conducted
for their inherent satisfaction, were predictably associated with the value hedonism, which is also associated
with pleasure. For participants of Järviwiki, this was
commonly found in descriptions of use of the system

as a hobby, such as P6: “It’s a hobby, I get to make the
measurements,” whereas in Safecast, this was commonly
found in descriptions of participation as fun, such as in
this statement by P12: “It is still fun now. It is community,
community is fun.”
Overall, we found that extrinsic motivators that are selfdirected and autonomous can drive people to perform
tasks willingly and enthusiastically in a sustained manner, particularly when they are associated with pro-social
and pro-environmental values such as universalism and
benevolence.
Discussion
We have described the values and motivations that drive
long-term participation in two digital citizen science cases,
Järviwiki in Finland and Safecast in Japan. In this section,
we reflect on the implications of these findings.
Integrated and identified motivations are important
for sustained participation

Our first research question focused on exploring what
motivates participation in the two cases. For Safecast
participants, identified and integrated motivations drove
volunteering, whereas Järviwiki participants were driven
by intrinsic, identified, and integrated motivations. These
three types of motivations are the most self-determined,
which means that their corresponding actions (e.g., to
submit an observation) are perceived as important activities for the self.
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Although citizen science activities are a hobby for some,
for most of these volunteers, monitoring is perceived as
important because there is a direct benefit to their own
interests. Both of these initiatives have demonstrated an
understanding that support of the participants’ personal
goals is key to sustaining participation. For instance, both
Järviwiki and Safecast provide simple and readable visualizations based on the collected data. People can access,
read, and understand the collected data in an open manner. Most importantly, they can understand what the data
means for their own local contexts because they can find
information about their area in few steps.
Safecast and Järviwiki also have a long history of collecting ideas and feedback from volunteers about their
platforms. In this process, they have created services and
visualizations that provide both volunteers and scientists
with what they need for their everyday decision-making.
Although some researchers argue that to popularize citizen science activities, they must become volunteers’ hobbies (Haklay 2013), these cases show that creating digital
services (based on citizen science data) focused on providing volunteers with what they need to pursue their
personal goals, is also important to sustain long-term
participation. Despite this, we also observed some differences between the two cases, such as the more important
role of intrinsic motivators among Järviwiki participants.
Thus, it is important for designers of such initiatives to
understand the specific goals of their volunteers through
research methods such as user journeys, card sorts, or
affinity maps (IDEO 2015).
Appealing to power to sustain participation and the
shortcomings of incentive mechanisms

For research question 2, we explored the values that
underpin participation in the two initiatives. We found
that values such as self-direction and stimulation were
important for both Safecast and Järviwiki volunteers
when they decided to begin their volunteering activities.
Sustaining participation, however, was associated with a
larger number of values, including stimulation, hedonism,
achievement, security, conformity/tradition, benevolence,
universalism, and self-direction. These observations are
in line with previous studies by Rotman et al. (2014a,b),
which show that a self-directed personal interest is key to
initial participation. But broader motivations are needed
for sustaining long-term participation.
Across both cases, power seems to be the least influential value. Power refers to the pursuit of social status,
prestige, control, or dominance over people or resources
(Schwartz 2003) and is a self-enhancement type of value.
Surprisingly, current incentive mechanisms are often
focused on rewards that provide wealth or reputation
online or offline to increase participation (see, for example, the reward mechanisms listed in Table 1). These types
of rewards rely on values centered on self-enhancement,
such as power. Focusing on values that appeal to personal
gain can cause people to become more self-interested
and less likely to support pro-social or pro-environmental
activities in the long term (Crompton 2010, p. 37). The
use of mechanisms that appeal to self-transcendence by
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embracing universalist and benevolent values, for example, by centering their core project recruitment campaigns
with the well-being of the community, appear to be rarer.
However, in the case of Järviwiki and Safecast, focusing on
values that appeal to universalism and benevolence are
key elements of long-term sustained participation.
These results suggest that as projects strive to engage
more people in their activities, careful thought should be
put into understanding the role of values on the temporality and quality of engagement. Similarly, Knowles (2013, p.
68) highlights that “While appealing to Self-Enhancement
values will likely generate more donations (at least in the
short term), they will be generated from people who are as
a result less inclined to take further action on behalf of the
cause (i.e., negative spillover). Self-Enhancement appeal is,
therefore, a case of one step forward, two steps back. To
consistently make progress in a positive direction, the campaign needs to communicate a consistent, issues-based, SelfTranscendence focused message.” A way to avoid this pitfall
is to use self-enhancement mechanisms (e.g., rewards) as
part of a larger engagement strategy that fosters values
like self-direction, stimulation, universalism, benevolence,
security, and achievement. As our results show, when
extrinsically motivated values, such as universalism and
benevolence, are self-directed, they can drive people to
perform tasks willingly and enthusiastically in a sustained
manner.
Moving beyond intrinsic/extrinsic values

In research question 3, we explored how motivations align
with values in the studied cases. The goal of this question
was to explore the interactions between values and motivations.
We know that values and motivations exist together
and operate alongside other individual differences, such
as culture, personality, and context (Maio 2016). However,
a common integration between these two theories has
been the grouping of values under an intrinsic/extrinsic
binary (Kasser and Ryan 1996, p. 280; Common Cause
Foundation 2014). Here we untangle the different types of
motivations in relation to human values, arguing that this
can provide valuable insights for understanding the drivers of sustained participation at different stages in a digital citizen science project. For example, project designers
could understand that some of their participants value
stimulation (new experiences); however, without knowing if that value is related to an introjected or integrated
motivation, the engagement strategies they design could
fail by not addressing participants’ needs and personal
goals. Furthermore, exploring the dynamics of participation from the lenses of different theories can be beneficial to enhance the understanding of links between
human experience and behavior and to explain enduring
behaviors like sustained engagement (Kasser 2002, 2004;
Grouzet et al. 2005).
Exploratory design reflections

In this section, we reflect on the implications of this study
for the design of digital citizen science platforms. Our
insights are derived from interviews, further observations,
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and conversations with the stakeholders running the
studied projects.
Fostering trust through digital citizen science

In digital citizen science platforms, the volunteer has total
control over the information they are giving and can see
how it is being used for a common cause. People may
develop trust in these platforms, because when you are
part of a process it is easier to trust it.
However, to build and sustain trust, these platforms
must aim to have neutral and fact-based information. This
can be achieved by designing mechanisms that enhance
transparency, accountability, openness, and shared ownership. For example, Safecast is largely trusted by the
population in Japan, which in turn has led to its use by
the Japanese government as an official source for radiation measures (Brown et al. 2016). This level of trust was
achieved by opening the entire process of radiation monitoring to everyone, from the recording of measures and
data verification, to knowledge-sharing and the release of
open data.
Design for a diversity of values and motivations

Digital citizen science platforms should be designed for
diversity across all ages, genders, skillsets, values, and
motivations. For example, although our findings showed
patterns between motivations and values that were more
common than others, we nonetheless observed a multitude of motivations and values that were important to
individual participants. Although demographic statistical
sampling is a well-accepted procedure for sub-sampling
a larger population, sampling for different values/motivations is not a common practice. Hence, it is possible
that a narrative or frame used to promote an initiative
could attract only people with a similar value background.
Organizers should be aware of the values and motivations
linked with their initiative and its impacts on recruitment
campaigns and participation. Approaches like value-sensitive design (Friedman and Hendry 2019) and values-first
software engineering (Ferrario et al. 2016) have developed
tools like envisioning cards (Friedman et al. 2019), values
q-sort, starmaps, and others (Values in Computing 2019)
to support the creation of digital technology that accounts
for the values of designers and participants.
The critical role of incentive mechanisms

The use of incentive mechanisms for engagement has
to be aligned with long-term strategies for building sustained public engagement. As discussed above, current
incentive mechanisms in the field are focused mainly on
rewards; they are centered on self-enhancement values
that can cause that people to become more self-interested
and less likely to participate in a sustained manner. Incentive mechanisms should be used in moderation, and as
part of a larger engagement strategy.
Limitations

This study used rigorous and systematic procedures for
data collection and analysis, which included different
rounds of validations and inter-rater agreement calcula-
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tions. However, different types of research methods serve
different needs. While we were able to investigate these
two cases in depth, generalization is limited to theoretical prepositions and not to populations or universes (Yin
2018).
In the present study, the values of tradition and conformity were studied in a bundle, due to the close meanings the coders assigned to both values.
This study interviewed exemplary volunteers from
Japan and Finland. However, we did not collect sociodemographic information (i.e., gender, education, or
income) as this was not seen as necessary for this study
in the research-planning stage. Thus, this is a limitation of
our data analysis.
Lastly, this work interviewed only 15 long-term volunteers. Hence, our observations and consequent results
are limited by that number of participants. However, the
nature of this work is exploratory and qualitative. The procedures for data collection and analysis were designed to
be deep and strict to counterbalance this limitation.
Conclusions and Future Work
Digital citizen science has the capacity to drive scientific
breakthroughs, foster community trust, and support
decision-making processes. We’ve explored the values and
motivations that underlie initial and sustained participation in digital citizen science projects from the lenses of
Schwartz’s Human Values Theory and SDT. We present indepth analyses of two case studies of digital citizen science
initiatives (Järviwiki and Safecast) that have been collecting environmental data for a decade in Japan and Finland.
Our analyses show that openness-to-change values such as
self-direction and stimulation are important for initial participation. Yet, self-transcendence values such as universalism play a large role in sustaining participation. These
values are related to identified and integrated motivations
across the participation spectrum described by SDT. These
types of motivations are the most self-determined forms
of motivation, suggesting that when extrinsic motivators
are self-directed, people will not only perform tasks willingly and enthusiastically but also in a sustained manner.
The current incentive mechanisms in the field are
focused mainly on rewards; they are centered on selfenhancement values such as power and achievement,
which can cause people to become more self-interested
and less likely to support pro-social or pro-environmental
activities in the long term. Our findings suggest that these
pitfalls can be avoided by appealing to self-direction, universalist, and hedonist values, especially as projects progress beyond the initiation stage. In Järviwiki and Safecast,
this was done by creating transparent processes, led, and
controlled by the people, which provided opportunities
to nuture and support these values in both the short and
longer term.
Finally, this study provides three suggestions for organizers/designers of participatory digital citizen science
initiatives: 1) Foster trust through digital citizen science
by designing mechanisms that enhance transparency,
accountability, openness, and shared ownership of the
commons (e.g., data and technology artifacts); 2) design
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for a diversity of values to assist the recruitment and ongoing engagement of volunteers, and; 3) integrate and vary
the use of incentive mechanisms within a holistic engagement strategy that aims at co-constructing the future we
want to live in.
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problems collectively.
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Every interaction between people and civic
technology is a deliberate and intentional act
of public participation. As such, public participation in PS can take different forms - from
the person collecting data about predefined issues (data provider); the person collaborating
with authorities to monitor issues predefined
by authorities (collaborator); the person cocreating solutions to address issues of shared
concern (co-creator); the person who ideates
civic actions (ideator); to the person who disrupts established processes by passive nonparticipation or negative participation (disruptor).

Figure 1: Palette of Participation in Participatory Sensing, adapted from [10].

CHI 2019 Case Study

CS01, Page 2

INTRODUCTION
In the past five years, HCI has seen a "civic turn", which has resulted in a rich body of study about
the interplay between civics and technology [5, 8]. Research in the wild [12], participatory design[14],
speculative design [5] and action research interventions [1] to study this interplay in community
settings have increased in popularity. Current HCI research is facing a growing challenge to improve
the quality and sustainability of research project outcomes. The field is moving away from being
confined to the design and deployment of consultation technology [7] towards a process of working
alongside local communities to create and deploy civic technology that addresses matters of shared
concern [2, 4, 13–15].
In this paper, we describe the process of co-creating a year long participatory sensing movement
between local people, municipal officers and community organisations around environmental issues of
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ABSTRACT
The way people participate in decision making has radically changed over the last few decades.
Technology has facilitated the sharing of knowledge, ideas and opinions across social structures,
and has allowed grass-root initiatives to flourish. Participatory civic technology has helped local
communities embrace civic action on matters of shared concern. In this case study, we describe SENSEI,
a year-long participatory sensing movement. Local community organisations, decision makers, families,
individuals and researchers worked together to co-create civic technologies to help them address
environmental issues of shared interest, such as invasive plant species, abandoned items in the
forests and nice places. Over 240 local participants have taken part to the different stages of this
year long process which included ten community events and workshops. As a result, over a hundred
concrete ideas about issues of common interest were generated, nearly thirty civic tech prototypes
were designed and developed, along with hundreds of environmental observations. In this paper, we
describe the process or orchestration of this initiative and present key reflections from it.
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1. Build and test the prototype system(s).

Create

1. Reflect on the initative
2. Release tools and open data
3. Plan for future system development

a) Open report on learnings
b) Make tools accessible
as open source
d) Open Data
e) Follow-up bids

a) Data literacy plan

a) Prototype improvement
b) Usage patterns
c) User feedback logs

a) Define Requirements,
b) Design of Prototypes
a) Prototype
v1.0
...
vX.0

a) Map of framed
matters of concern

Outcome
a) Cross-cultural
partnership agreement
b) Preliminary
map of matters
of shared concern
c) Action plan

Bell is a field research platform using
smart bycicle bells and wristbands to gain insights into the experiences of people on the
move

2 Liberty

1 Me-talo

==–
is an NGO and a community centre
used for activities for everyone in town

Sustain

Orchestrate

1. Understand how people interact with
the tools in their natural environments
and without instructions;
2. Collect feedback from participants to
improve the prototype system.
1. Enhance sense-making skills by
demonstrating the usefulness
of the co-created results.

1. Understand aspirations and requirements.

Imagine

Deploy

1. Understand the matters of shared concern;
2. Map the individual motives of the participants
to adjust the shared purpose of our initiative;
3. Explore the possible uses of technology
to address the matters of shared concern.

Frame

Goal

1. Identify matters of shared concern;
2. Map out communities, decision-makers,
organisations and other bodies that might
be interested in working together
to find solutions.

Identify

Stage

Table 1: Stages, Goals and Outcomes

Figure 2: SENSEI Approach based on City
Commons [2] and Speedplay [6]
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METHOD
Our approach combined two frameworks which draw inspiration from action research, design thinking,
participatory design, agile development and an in-the-wild approach: i) the city commons approach
by Balestrini M. [2] and ii) the Speedplay framework by Ferrario M.A. [6]. The city commons is a
novel approach to orchestrate community engagement around issues of shared concern, enhancing
community ownership, openness, skills development and prompting discussions about data privacy,
ownership and governance [2]. Whereas the Speedplay framework enables the development of

THE SENSEI INITIATIVE
SENSEI is a community initiative that aims to show how technology and participatory practices can
be combined to monitor issues of shared concern, make sense of data and solve problems collectively.
Officers from environmental management, neighborhood participation and services development
in the municipality were involved in the entire process. ME-talo 1 played the role of community
coordinator. Liberty Bell 2 shared their field research tools for community monitoring projects. The
researchers informed and orchestrated the process of the initiative using novel research frameworks
from HCI research [2, 6, 12]. Over 240 participants, aged 7 to 85 years, of which 212 were Finnish
speakers and 28 were English speakers, were involved over a period of 10 months. Ten events and
workshops generated over 100 ideas about issues of shared interest, 28 civic tech prototypes and
dozens of sense-making artifacts, including data interactions, analysis of datasets and data sculptures.
A platform for environmental monitoring including sensing devices, a website and apps was built
during this process. This platform has been used for 90 days during 2018 by 64 people to monitor
environmental issues in town.

common concern. The approach focused on supporting the creation, engagement and sense-making of
civic technology, while embracing different types of public participation (See Fig. 1). We used different
methodological approaches (namely workshops, surveys and interviews) to get an understanding of
the pressing needs of the different stakeholders, their motives for engaging with this initiative, how
they imagine civic technology can be used, and how best to co-design with them. This research was
done in seven stages (identify, frame, imagine, create, deploy, orchestrate and sustain) - expanding on
previous work on sustainable community engagement using civic technology [2] and following an
in-the-wild approach [12].
The key contributions of this paper are three-fold: (1) outline the application of HCI approaches
to inform and orchestrate a community initiative around issues of shared concern; (2) give insights
into the use of participatory sensing in nurturing and supporting long-term sustainable practices
(3) outline learnings that could be helpful for future co-created environmental participatory sensing
systems.
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Top Word
Places
Species
Street
Outdoor
Abandoned
Trash
Free
Snow
Roads
Broken

Frequency
31
22
19
16
14
11
5
5
5
4

Table 2: Top 10 emerging ideas about
issues of interested (generated using
dataBASIC.io)

Figure 3: Public conversations at a pop-up
shop in the main city shopping centre
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• Online mapping of matters of shared concern: The researchers mapped online conversations on discussion forums, news and social media to create a preliminary understanding of the
issues in town. These discussions had increased around environmental issues, such as smells
and pollution, in the last 3 years.
• Local stakeholder identification: A preliminary meeting was set up with municipal officers
to understand their work and challenges. The matters mapped in the previous activity provided
a good focus for discussion about their relationship with local people. This meeting led to the
creation of a list of existing associations, community groups and municipal offices that could
be interested in working together to find solutions for issues of shared concern. Subsequently,
these potential stakeholders were contacted.
• Partnership Conversations: Direct phone calls, emails and partnership meetings with stakeholders - a range of neighborhood associations, municipal offices, NGOs and community groups
- led to: (1) the creation of an initial map of existing municipal priorities, which included issues
such as smells, noise, alien plant species, blue algae and litter; (2) commitments for future
actions, through a cross-cultural partnership agreement [11], which articulated our common
intentions, actions and goals including specific responsibilities, ethical and legal guidelines.
This agreement allowed the initiative to continue despite the lack of official funding, because
every partner committed to provide some resources for the initiative, including expertise, time
and materials; (3) a plan of public activities, including workshops and public conversations, in
order to open the initiative to everyone and help reach a common understanding of the shared
matters of concern in the local community.
• Public Conversations: This activity entailed talking to people in places where they congregate.
Municipal officers, individual volunteers and the researchers set up a pop-up shop in the city’s
shopping centre and mingled with people (see Fig3) talking about their concerns about local
environmental issues and inviting them to upcoming initiative events.

Stage 1: Identify (3 months)
This stage was focused on i) identifying matters of shared concern and ii) mapping out communities,
decision-makers, organisations and other bodies that might be interested in working together to find
solutions [2, 9]. The following activities were carried out:

software in a rapid and agile manner with an emphasis on participatory reflection [6]. We saw
an opportunity to combine the orchestration features from the city commons with the technical
advantages of Speedplay to engineer technologies using agile development iterations. As a result, the
initiative followed seven stages in an iterative manner (see Fig 2). Goals and outcomes for each of the
stages are detailed in Table 1.
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Figure 5: Prototypes for Outdoors

The workshop programme included activities
of: i) Introduction and ice-breaking; ii) Rapid
ideation: Produce as many ideas as possible,
pin them on a large scale wall map, share
your thoughts with others; iii) Charettes
about "What are the matters of concern
you would like to monitor in town?", "Why
are they important for you?"; iv) Reverse
thinking about "How would you monitor
matters of concern if technology did not exist?".

Figure 4: Ideation workshop

CHI 2019 Case Study

CS01, Page 5

Stage 3: Imagine (1 month)
The goal here was to understand the participants’ aspirations and requirements. This was achieved
through co-creation workshops that drew basis from design thinking, user-centred design and participatory design.
Prototyping Workshops Two open workshop days were organised at the community centre (MEtalo) to co-design technology prototypes that would focus on the identified matters of shared concern.
These workshops followed similar organization structure as the framing workshops. Over 50 people
attended these events in total. The workshop programme included rolestorming and prototyping.
28 prototypes were developed by the participants. These prototypes included i) wearables for hand,
foot, arm, wrist, head; ii) mobile apps; iii) attachment to other things e.g. headphones, necklaces,
gloves, paddle-boards, paddles, bracelets, walking sticks, steering wheels; iv) characters e.g. a remote
duck to monitor algae, a virtual pet dragon, a neighborhood watch cat (see Figures 6, 7, 5). We quickly
realised that mobile applications were a common denominator to all these prototypes - participants
would often describe their prototypes as part of a platform which they could access from their own
smart devices.

Stage 2: Frame (1 month)
The aim of this stage was to i) understand the matters of shared concern, ii) map the individual motives
of the participants to adjust the shared purpose of our initiative and iii) explore the possible uses
of technology to address the matters of shared concern. This stage included co-creation workshops,
where a number of design thinking and scenario techniques [3] were combined. The techniques used
in this stage were selected to boost ideation, deliberation and creativity among participants. They
included introductions and icebreakers, rapid ideation, charrette discussions and reverse thinking.
Ideation Workshops: Two workshop open days were organised at the community centre (ME-talo)
to continue identifying matters of common concern and deepen the understanding of those issues.
The facilitators were municipal officers, individual volunteers and the researchers. Over 50 people
attended these events in total.
As a result over 100 suggested matters of concern resulted from brainstorming (see Table 2). These
ideas were analysed and grouped together into 10 main matters of concern. Participants often illustrated ideas by providing examples from their day to day experiences. It quickly became apparent
that environmental issues - positive and negative - were of greater interest to participants over other
topics (See Table 2). For example, sharing knowledge about good places in town was a popular idea.
Negative issues such as abandoned items and litter were often suggested.
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Figure 7: Attachment Prototypes

Figure 6: Wearable Prototypes
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Stage 7: Sustain (2 months)
A workshop to discuss the future of SENSEI was organised with the participants. The discussions
focused on technical improvements and new civic actions. The participants co-created a report on
the data collected by SENSEI assisted by researchers and the report will be brought to municipal
decision-makers to inform their work.

Stage 6: Orchestrate (Continuous)
Meet-ups were regularly organised with participants to discuss their concerns and gather feedback
about the platform. Educational materials about the issues being monitored were distributed by post
directly to the participants. A public interactive exhibition was organised to support sense-making
with civic data. The data collected in the SENSEI platform was used to create several ’urban data
games’ designed to familiarise people with the datasets collected through social interactions, both
direct interaction through conversation or indirect interactions through text or data artefacts left in
public view.

Stage 5: Deploy (3 months)
The created technology was deployed in the wild and iteratively improved. Stage 5 allowed us to
understand how participants interacted with the technology in their everyday life without instructions.
A total of 64 locals volunteered to use SENSEI over a period of 12 weeks. This pool of participants
included local people who had attended the workshops, others who were recruited by the workshop
participants themselves and those who had heard about the initiative from the partners. A total of
300 observations were recorded on SENSEI.

Stage 4: Create (4 months)
Prior to commencing Stage 4, in selecting the issues of shared concern, we needed to strike a balance
between the issues participants had highlighted in the workshops and issues the municipal environmental office were tasked with monitoring. As a result, the chosen issues were: invasive plant species,
nice places in town and abandoned items in nature (aka illegal landfills).
In this stage the tools needed to address the chosen matters of shared concern were created.
Participants critiqued and pilot tested the prototypes. An Agile approach for prototype development
was taken with ten days long iterations. As a result, the SENSEI platform was created - a platform
using front-end bluetooth devices such as bicycle bells, wristbands and sticky buttons (see Fig 8)
which participants could press to report an issue e.g: one click = invasive plants; two clicks = nice
place; hold 3sec = abandoned items. These devices were connected to a mobile application (see Fig 9)
that allowed participants to submit photos and create private monitorings.
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Figure 9: SENSEI application

Spectrum of Public Participation www.
iap2.org

3 IAP2:

Figure 8: SENSEI deployed devices
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LESSONS LEARNED AND KEY REFLECTIONS
• Face-to-face multi-constituency communication sustains engagement: Direct communication with the participants and decision-makers involved helped raise awareness about the
approach, enhanced public engagement and resulted in clear commitments by all those involved.
The workshops allowed consensus to be reached as differences arose over the selection of what
should be monitored. Giving communities a voice is a powerful way of harnessing their wisdom.
However it also means that expectations need to be managed in a timely way.
• Welcome different types of participation: Over the course of the Identification stage, it
became clear that individuals wished to get involved at different levels. Some were interested
in the workshops, whereas others wanted to get immediate access to tools. As a result, we
had to re-organise our call for public participation into two strands: i) those wishing to get
involved in the workshops, and ii) those wishing to use the resulting creations for civic action.
It was important to be flexible and allow for changing dynamics over the course of the process.
Designing for different (often temporal and parallel) levels of participation (as acknowledged
by frameworks such as IAP2 3 ) is key to begin to understand the affordances of participatory
sensing technologies in the wild.
• Participatory sensing should be designed for diversity across all ages, genders and
skillsets: All events were organised to be as inclusive as possible. Workshops were held in both
Finnish and English and balanced the teamwork of participants of all ages, genders and skillsets.
As a result a common understanding with all participants was built organically.
• Identify and fill gaps with know-how from experts: In co-creating technology, it is useful
to identify and fill any gaps in required technical skills. During the Imagine stage, participants
came up with several prototype ideas which required specific technical skills outside of our
core skillset. Liberty Bell got involved with a number of devices for the monitoring campaign.
Students worked on the development of the platform and members of the community designed
and printed 3D models of the prototypes which allowed us to evaluate the prototypes’ suitability.
• Enhance sense-making skills by using civic data: Our public exhibition helped familiarise
people with the datasets collected through playful interactions.
• Enhance the sense of ownership by welcoming critique and suggestions: Pilot testing
with participants in a real-world context is useful for detecting bugs and improving civic tech
but also for enhancing a sense of common ownership. Participants actively tested, critiqued
and suggested improvements to SENSEI. They also named each of the platform releases.
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key reflections from it. Local community organisations, decision makers, families, individuals
and researchers worked together to co-create
civic technologies to help them address environmental issues of shared interest, such as
invasive plant species, abandoned items in the
forests and nice places.
The public participation continuum continues
to evolve, largely due to the rise in civic-tech
which has facilitated activism, public campaigning and community monitoring. Technology
has opened up a myriad of communication
channels between municipal decision-makers
and the community they serve. Civic technology and participatory sensing in particular, allows local governments to use civic intelligence
to identify common causes.
Limited public resources and services can act as
a barrier to implementing solutions to the problems identified. Creators of civic participatory
technology should actively seek involvement
and cooperation from decision-makers in order
to ensure that the supports and infrastructure
are in place to allow innovations to flourish and
from which the community can truly benefit.
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