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Abstract

Citizen science is expected to play an important role in relation to scientific literacy
Vision 111 for students living in the future society. This study aims to identify the char-
acteristics of extreme citizen science (ECS) and extreme citizen scientists (ECSs) and
to derive key competencies of ECss using literature analysis from Korean and inter-
national educational contexts. The characteristics of ECs are identified were as fol-
lows: Citizens recognize problems, set research topics, establish data collection plans
to solve them, analyze and interpret collected data, and conduct social action. Three
categories of key competencies for Ecss were derived: Thinking scientifically with
appropriate knowledge, exploring as knowledge producers, and acting while consider-
ing both individuals and communities. The results of this study can be used for devel-
oping citizen science competency measurement tools, development of ECS programs,
and training of Ecss. Implications for future research are considered.

Keywords

extreme citizen science — extreme citizen scientist — characteristics of extreme citizen
science — extreme citizen scientist performance — key competencies of extreme citizen
scientist

1 Introduction

In 1982, the European Union adopted guidelines for the control of major risk
facilities, commonly known as the Seveso Directive, due to accidents at chemi-
cal sites that had occurred during the previous decade, especially those at
Flixborough in 1974 and Seveso in 1976 (Irwin, 1995). In 2011, a nuclear power
plant exploded in Fukushima, Japan, and the resulting pollutants are still
causing a great deal of damage to citizens. In addition, problems arising from
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the development of science and technology such as the humidifier disinfec-
tant incident in Korea in 2016, insecticide eggs, and the sanitary pad carcino-
gens incident in Korea in 2017 (Lee, 2018) have become too easy to find. In
addition, as the level of science and technology has increased, the complex-
ity of the problem also increased. With the rapid development of science and
technology, we enjoy a rich and convenient life, but at the same time, various
problems caused by the developing science and technology coexist.

As it can be drawn from the past incidents and current circumstances
described above, the potential and unpredictable risks of modern society are
deeply related to the development of science and technology. German sociolo-
gist Beck (1992) described this society as a “risk society.” Citizens living in a
risk society as democratic citizens are essentially required to have the ability
to manage risks they may encounter. Citizens must participate in communica-
tion related to the development of science and technology, and because tech-
nological innovation has a profound impact on their lives, it is important for
citizens to have adequate scientific literacy. Roberts (2011) classified the areas
constituting scientific literacy into knowledge and application. In addition,
scientific literacy focused on science itself, such as the on the structure of sci-
ence and scientific knowledge, was defined as “Vision 1,” and the scientific lit-
eracy required for the use of scientific knowledge in everyday life and decision
making on individual and social issues related to science and technology was
defined as Vision I1. Sjostrom (2017) proposed a scientific knowledge Vision 111
and classified it into a Vision 111A emphasizing sociopolitical behavior and a
Vision 111B emphasizing a moral-philosophy-existential perspective.

As society changes in this way, understanding of scientific literacy is also
developing, and it is very important to foster scientific literacy from the per-
spective of Vision I1I as a citizen living in a risk society. However, the experi-
ence provided to students in current school science education is somewhat
focused on developing a scientific literacy Visions I and 11. In this context, citi-
zen science is expected to provide implications for cultivating scientific liter-
acy Vision 111 in school science education. Early citizen science simply helped
citizens collect data from scientists under the leadership of professional sci-
entists. However, due to the improvement of citizens’ education levels and
social and technical changes such as electronic communication, citizens’ abil-
ity to contribute to science projects has increased rapidly, leading to a new era
of citizen science (Park, 2018). As a result, citizen science has also changed
qualitatively and quantitatively from the past (Haklay, 2015). Now, extreme
citizen science (ECS), in which citizens not only serve as assistants to scien-
tists but also collaborate with scientists to set up research questions to col-
lect, analyze, and participate in science-related social actions, is considered
important (Haklay, 2013). As extreme citizen scientists (ECSs), citizens not
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4 KWON ET AL.

only participate in scientific exploration that begins with simple curiosity, but
also become subjects to solve various social problems such as socioscientific
issues (ss1). Therefore, citizens’ participation in scientific activities empha-
sized in ECS can be a good role model for fostering scientific literacy Vision 111
in school science education. The experience of participating in ECS at the time
of first encountering science was not only the basis for participating in various
citizen sciences even as an adult, but also the educational effect was high when
citizen science projects were combined in the middle and high school curricu-
lum (European Commission, 2013, p. 14). In other words, in order for the public
to continuously participate in ECS, the ECS experience in adolescence is very
important, and it is necessary to provide related experiences in school science
education. However, the research of scientific activities to develop scientific
literacy Vision 111 in school science education is limited, especially from the
perspective of ECs (Park, 2022). Therefore, in order to develop and apply pro-
grams and teaching strategies that reflect Ecs in the school, it is necessary to
identify the characteristics of ECs and the activities of ECcss. In addition, It is
necessary to identify the key competencies to be equipped as Ecss in the flow
of cultivating key competencies for students living in the society of the future.
To this end, this study aims to summarize the characteristics of Ecs and
ECss, and to specify the key competencies for ECss required to provide ECS
experiences in school science education. Specific research questions are as
follows:
1. What are the characteristics of extreme citizen science and extreme citi-
zen scientists?
2. What are the key competencies required as an extreme citizen scientist?

2 Literature Review

2.1 Vision of Scientific Literacy and Key Competencies
Science literacy (SL) has already begun to be mentioned in the 1950s, and
since then, many scientists, science educators, and science policy makers
have accepted the importance of sL as they have introduced SL into a new
curriculum (Park, 2016). However, the perspective on how to view sL varies
depending on scholars. The reason is that sL is socially constructed and can
change according to social situations or times (Choi et al., 2011), and scientists
and science educators, as well as scientific sociologists, social scientists, and
non-formal science educators, can emphasize the importance of sL from dif-
ferent positions (Laugksch, 2000).

Roberts (2011) argued that there are two conflicting perspectives about the
term sL, and so Roberts further divided the constituents of sL into knowledge
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and application. The scientific literacy focused on the science itself, such as
the structure of science and the core concepts and principles of scientific
knowledge, was named Vision 1. Vision 11 was defined by the scientific literacy
required to use scientific literacy in everyday life and make decisions on indi-
vidual and social issues related to science and technology, such as the abil-
ity to explain and understand the effects of science and technology on daily
life. Sjostrom (2017) agreed with Roberts (2011)’s SL Vision I, 11 and proposed
SL Vision 111A and 1118, which add relatively less-emphasized sociopolitical
behavior and moral-philosophy-exist perspectives in the existing SL, continu-
ing Roberts’ (2011) research. As the SL vision changed in this way, the main
goals of science education were also expanded.

In line with these social changes, the curriculum was also expanded the
previous educational goal from curriculum-oriented education to capacity-
building education. Taking the Organization for Economic Co-operation and
Development (0OECD) Definition and Selection of Competencies (DeSeCo)
project (OECD, n.d.) as a turning point, they developed a competency-based
curriculum in earnest. In the 0ECD DeSeCo project, competency was defined
as “the ability to meet complex demands successfully through the mobiliza-
tion of mental prerequisites” (Rychen & Salganik, 2003, p. 4). In particular, the
OECD defined key competency as meeting the following criteria among vari-
ous competencies: “(1) contribute to desired outcomes in terms of an overall
successful life and a well-functioning society, (2) apply across contexts and
domains (3) and are important to all individuals for coping successfully with
complex demands” (Rychen & Salganik, 2003, p. 4) Furthermore, the OECD saw
the need for fundamental reflection on the purpose and method of education,
and through the oeEcD Education 2030 Project (2019a), they re-recognized the
competencies necessary for students to lead their lives well in the society of the
future. oECD Education 2030 (2019a) explained three aspects of the context of
social change that requires setting new educational objectives: environmental,
economic, and social. It predicted that the changes in the society of the future
will show the characteristics of uncertainty, unpredictability, well-being, tol-
erance, and pursuit of fairness, unlike the paradigms of success, efficiency,
and economic growth that people have focused on since the industrial era.
The OECD stated that “the concept of competency implies more than just the
acquisition of knowledge and skills; it involves the mobilization of knowledge,
skills, attitudes and values to meet complex demands” (OECD, 20194, p. 11) and
they defined three transformative competencies that students need to change
society and shape the future for a better life, including “creating new value, rec-
onciling tensions and dilemmas, and taking responsibility” (OECD, 2o19b, p. 4).

This trend has led to attempts to design curriculums based on key competen-
cies worldwide (Kwak et al., 2014; So et al., 2010). The New Zealand government
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6 KWON ET AL.

revised its curriculum based on the key competencies proposed by the 0OECD’s
DeSeCo project and announced a new national curriculum in 2007, present-
ing five core competencies (thinking; using language, symbols, and texts;
managing self; relating to others; and participating and contributing) (Boyd
& Watson, 2006). In addition, through science education, the government
provides meaningful experiences for students to develop five key competen-
cies from the New Zealand curriculum (New Zealand Ministry of Education,
2007). The Australian curriculum presented seven general capabilities (lit-
eracy, numeracy, ICT capability, critical and creative thinking, personal and
social capability, ethical understanding, and intercultural understanding) and
the science curriculum introduces science inquiry skills in four areas: ques-
tioning and predicting, planning and conducting, processing and analysis data
and information, and communicating (Australian Curriculum Assessment and
Reporting Authority, 2016).

The curriculum presented by the Ministry of Education (MOE) in Korea
revealed that the characteristics of the 2015 revised curriculum are as follows:
“Based on the educational ideology and desirable human character that has
been pursued in Korean curriculums to date, [the curriculum] focuses on cul-
tivating creative convergence talents with the good habits and key competen-
cies required by the society of the future” (MOE, 201543, p. 2). In the 2015 revised
curriculum, six general competencies throughout the curriculum are selected
and presented as key competencies, and key competencies for each subject are
also presented in detail. The six general competencies that apply to all subjects
and students are “self-management competency, knowledge-information pro-
cessing skills, creative thinking skills, aesthetic-emotional competency, com-
munication skills, and civic competency. The key competencies of science are
scientific thinking ability, scientific inquiry ability, scientific problem-solving
ability, scientific communication ability, and scientific participation and life-
long learning ability” (MOE, 2015b, pp. 3—4).

The international perspective on these competencies and the purpose of
science education that has changed according to the context of social change
have the same context as sL Vision 111, which emphasizes the action and prac-
tice of science. For example, based on understanding of science, investigating
in science, and communicating in science, the New Zealand curriculum aims to
develop an understanding of socioscientific issues in the context of participating
and contributing (New Zealand Ministry of Education, 2007). Also, through the
inclusion of “civic competency” in key competencies presented in Korea’s 2015
revised curriculum overview and “scientific participation and lifelong learning
ability” in science and key competencies, the importance of sL Vision 111 will
likely increase in the ever-changing society of the future. In this regard, citizen
science is expected to play an exemplary role in cultivating SL Vision 111.
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2.2 Citizen Science

According to the Oxford English Dictionary (2014), citizen science is defined
as scientific work undertaken by members of the general public, often in col-
laboration with or under the direction of professional scientists and scientific
institutions. That is, citizen science implies that anyone can participate in sci-
entific research regardless of a person’s background, education, and political
beliefs. Although the phrase “citizen science” seems to have only appeared in
modern society, it is actually as old as Aristotle (Bonney & Dickinson, 2012). In
other words, the term “citizen science” itself may be relatively unfamiliar, but
it can be said that the history of citizens practicing citizen science is very long.
Citizen science has recently attracted more attention as the vision of scientific
literacy develops. Citizen science can provide citizens with opportunities to
cultivate scientific literacy and key competencies in a society where unpredict-
ability is increasing will continue to increase with the development of science
and technology (Krasny & Bonny, 2005; Science Communication Unit, 2013).
Citizen science provides more observers and ideas for science projects, pro-
motes environmental awareness, and saves overall scientific research costs. In
addition, learning more knowledge of science and scientific research courses
can strengthen scientific literacy, connect scientists and citizens, promote
pleasant experiments, and establish social practices for the public good (Avard
& Clark, 2001; Fazio & Karron, 2015; Pate et al., 2015).

Citizen science has significance not only in scientific aspects but also in
other aspects. In a 2013 report released by the European Commission (EC),
four aspects of the value of citizen science were described: scientific, educa-
tional, social, and policy. Citizens who participated in specific citizen science
projects were able to promote scientific knowledge in the related field. In par-
ticular, when citizen science projects were combined with the middle and high
school curriculum, the educational effect was high (Ec, 2013, p. 14). In addition,
through research led by local communities and environmental justice move-
ments, citizens can get an opportunity to influence local policy decisions.
Through this, public health, quality of life, social solidarity, and awareness of
local problems and networks can be improved (Ec, 2013, p. 16). Last, citizen sci-
ence is also valuable in terms of policy, providing policymakers with evidence
to support compliance with regulations in the industrial and commercial sec-
tors and to continually gather information for future policymaking. Citizen sci-
ence can also provide services to citizens by solving environmental problems
that directly affect citizens on a regional, national, and global scale and provid-
ing opportunities to influence decisions on these issues (Ec, 2013, p. 16).

The various ways citizen science is being used as explained above show
its different classifications. The classification criteria can involve the goals
of a citizen science project or the degree of citizen participation. In order to
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8 KWON ET AL.

understand citizen science from the perspective of Vision 111, which empha-
sizes the importance of citizens’ sociopolitical behavior, a classification system
based on the level of citizens’ participation in science projects is appropriate.
Haklay (2013) divided citizen science into four levels based on the participa-
tion of citizens and the degree of activity performed.

The first level is the crowdsourcing stage, with citizens’ participation at the

)«

lowest level. Citizens play a role as scientists’ “sensors” and help them with
simple computing tasks such as data classification. The second level is the dis-
tributed intelligence stage, where citizens provide their thoughts and opinions
to projects that seek various people’s perspectives and opinions. The third level
is the participatory science stage. In this stage, citizens actively participate in
research, even taking part in defining research issues and collecting data. The
last is the ECs stage, in which citizens go beyond simply participating to estab-
lish cooperation with scientists. They work together throughout the whole
level, from defining research problems to collecting and analyzing data.

Bonney and Dickinson (2012) classified citizen science into three catego-
ries: contributory, collaborative, and co-created. First of all, the contributory
category accounts for the largest portion of citizen science projects so far, in
which scientists lead projects while citizens make contributions to the work of
scientists. In addition to contributing to data collection, citizens also dissemi-
nate the data analysis and results to their neighbors. Unlike the first category,
the collaborative category is not solely led by scientists but involves both sci-
entists and citizens in science projects. Citizens even participate in research
design. From data analysis and interpretation to dissemination of research
conclusions and results, the entire process is carried out in the form of collabo-
ration. The co-creative category has the highest level of citizen participation.
Citizens participate in all stages, from defining research questions to answer-
ing new questions. The co-creative category can be regarded as being in line
with Haklay’s (2013) “extreme citizen science.” One distinctive characteristic
of the classification of Bonney and Dickinson (2012) is that citizens perform
“result propagation” activities that Haklay does not address.

English et al. (2018) accepted the concept of Den Broeder et al. (2018) and
summarized the level of citizen science in the form of pyramids. They looked at
citizen science from the standpoint of citizen’s “participatory research.” They
explained that participatory research has the potential to democratize the
research process and challenge the “knowledge monopoly,” in which only the
elite gain strength, by opening the scientific process to meaningful participa-
tion of people directly affected by the study. They divided citizen science into
three stages according to the increment of public involvement in the study.

In the first step, citizens only participate in data collection, and their
activities are sometimes active but passive as well. The second is a limited
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KEY COMPETENCIES FOR EXTREME CITIZEN SCIENTISTS 9

participatory research stage in which citizens participate in defining research
problems and collecting data. On the top of the pyramid, the third stage has
the highest level of citizen participation. This stage is defined as ECS. In the
ECS stage, citizens even play a role in setting their own research issues, par-
ticipating in both data collection and analysis, and informing the public of
the knowledge gained. The pyramids of English et al. (2018) followed Haklay’s
(2013) four-step classification of citizen science, however, English combined
the first and second stages of Haklay into one primary stage. Activities such
as public action were in the last, ECS stage. The researchers’ classification of
citizen science is summarized in Table 1.

TABLE 1 Classification of citizen science by researchers

Haklay Bonney & Dickinson English et al.

(2013) (2012) (2018)

Level 1. Crowdsourcing Contributory: Citizens Crowdsourcing

a.  Citizens as sensors contribute to data collec-  and volunteered geo-

b.  Volunteered computing

Level 2. Distributed intelligence

a. Citizens as basic

interpreters

b.  Volunteered thinking
Level 3. Participatory science

Participation in problem

definition and data collection

Level 4. Extreme citizen science
Collaborative science: problem
definition and data collection

and analysis

tion, analyze data, and

disseminate results.

Collaborative: Citizens
analyze samples and
data, sometimes help
with research design,
interpret data, conclude,
and spread results.
Co-created: Citizens
participate in all stages
of the project. Question
definition, hypothesis
development, outcome
discussion, and answers
to new questions.

graphic information:
Participate in data
collection only

(actively or passively)

Limited participatory
research: Participate
in problem definition
and data collection

Extreme citizen science:
Participate in problem
definition, data col-
lection, analysis and
interpretation, study
dissemination, and
public health action
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10 KWON ET AL.

To summarize the research results presented by those scholars, ECS means
the stage of citizen science classification where the level of citizen participa-
tion is highest. In addition, in this stage, citizens independently participate
in the entire research process. They do not stay at the level of citizen science
under the guidance of scientists. Different scholars have different descriptions
of what phrase, the entire research process, means. However, in general they
all agree that it means citizens take part in a broad range of science research
from defining research questions to data collection and analysis, beyond sim-
ple data collection. In addition, citizens in ECS participate in “hypothesis set-
ting and research design,”
et al., 2009; Bonney & Dickinson, 2012; Haklay, 2013). Here, all citizens who
conduct such Ecs are called “extreme citizen scientists.”

research conclusions,” and “social action” (Bonney

3 Methods

3.1 Procedure of Research

The purpose of this study was to identify characteristics of Ecs and ECss and
to derive the key competencies required as ECSs. For this research purpose,
a literature analysis was conducted based on the competency development
model of the International Board of Standards for Training, Performance, and
Instruction (1BSTPI; Klein et al., 2004), which is regarded as useful for develop-
ing components of teaching competency (Jin & Rha, 2009) in two phases. The
1BSTPI model consists of three stages: (1) literature analysis and data collec-
tion, (2) competency identification and estimating reliability, and (3) compe-
tency modification and final approval.

The purpose of the first literature analysis was to summarize the definition
and characteristics of EcCs, and to organize the activities performed by Ecss.
Therefore, the first phase had three steps: (1) A literature analysis for Ecs was
conducted by the first author, (2) the characteristics and activities of ECs were
identified by the ECs education group (ECSE group), and (3) reliability was dis-
cussed during lab seminars. The purpose of the second literature analysis was
to use the results of the first literature analysis to derive the key competencies
required as ECSs from the literature that presents various key competencies for
students to develop. Therefore, the second phase had five steps: (1) A literature
review and analysis was conducted for the various key competencies required
of students, (2) key competencies required as ECss were identified by ECSE
group, (3) reliability was discussed during lab seminars, (4) key competencies
were identified and final approval was given by the ECSE group, and (5) reli-
ability was discussed during lab seminars.
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KEY COMPETENCIES FOR EXTREME CITIZEN SCIENTISTS 11

The ECSE group consisted of seven people: three schoolteachers attending
master’s programs, two in doctoral programs, and two with doctoral degrees in
science education. In lab seminars, 14 colleagues usually participated, includ-
ing the ECSE group. In addition to the ECSE group, seven colleagues attending
the lab meetings were four doctoral students, two master’s students, and a pro-
fessor in science education.

The study was conducted from December 2020 to December 2021. After for-
mulating research questions in December 2020, a literature search and reading
was done for 6 months. The first phase of literature analysis was conducted
from June to July 2021, and the second phase continued from August 2021 to
December 2021. The review by the ECSE group and lab seminars were held
approximately every 2 weeks.

3.2 Selection of Publications
Korean and international literature was searched and analyzed for each
research question. For the first research question, Korean literature published
from 2000 to 2021 was searched with keywords such as “citizen science,” “future
citizen science,” and “extreme citizen science” in academic research informa-
tion services DBpia (https://www.dbpia.co.kr), Scholar (http://scholar.dkyobo
book.co.kr), and R1ss (www.riss.kr). About 2,100 documents were found, but
most simply contained “citizen” and “science” in their titles. There were only 40
documents dealing with “citizen science” in the academic sense corresponding
to this study. Among them, four research articles dealing with the concepts
and classification of citizen science in detail were selected. An international
literature search was conducted with keywords such as “citizen science” and
“extreme citizen science” on Google Academic Search (https://scholar.google
.co.kr). About 478,000 documents were found. Among them, literature spe-
cifically covering the concept and classification of citizen science according
to research subject were first selected, and then those with larger numbers of
citations were finally selected. Literature simply providing the results of apply-
ing citizen science to scientific inquiry was excluded. Fourteen international
documents were selected by focusing on literature dealing with “extreme citi-
zen science.” The list of the resulting literature is summarized in Table 2.

For the second literature search, the same websites as the first were used.
Among literature published from 2000 to 2021, those including keywords

” « » o«

such as “competency,” “key competency,” “citizen science competency,” “citi-

” « ” «

zen scientist competency,” “action competency,” “environmental competency,”
and “civic competency” were searched on the Korean websites. More than
21,000 studies were found, but the academic field was narrowed down to ped-

agogy. Among them, those outlining the competencies that students should
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TABLE 2 List of literature for first research question

Irwin (1995) Citizen Science: A Study of People, Expertise, and
Sustainable Development

Bonney et al. (2009) Citizen Science: A Developing Tool for Expanding Science
Knowledge and Scientific Literacy

Wiggins & Crowston From Conservation to Crowdsourcing: A Typology of

(2011) Citizen Science

Rowland (2012) Citizen Science Goes “Extreme”

Stevens et al. (2014) Taking Participatory Citizen Science to Extremes

Haklay (2015) Citizen Science and Policy: A European Perspective

Eitzel et al. (2017) Citizen Science Terminology Matters: Exploring Key Terms

Kim & Park (2017) Citizen Science

Wildschut (2017) The Need for Citizen Science in the Transition to a

Sustainable Peer-to-Peer Society
Den Broeder et al. (2018) Citizen Science for Public Health

English et al. (2018) From Crowdsourcing to Extreme Citizen Science:
Participatory Research for Environmental Health

Kim (2018) Citizen Science Stories in Korea: 1982-2018

Park (2018) The Current State and Tasks of Citizen Science in Korea

Park & Kang (2018) Environmental Problems, Citizen Knowledge, and Citizen

Science: Chance and Challenges of Citizen Science in
Environmental Problems

Phillips et al. (2019) Engagement in Science Through Citizen Science:
Moving Beyond Data Collection

Fan & Chen (2019) Citizen, Science, and Citizen Science

Pejovic & Skarlatidou Understanding Interaction

(2020) Design Challenges in Mobile Extreme Citizen Science

Skarlatidou et al. (2020)  Experiences from Extreme Citizen Science: Using
Smartphone-Based Data Collection Tools with Low-
Literate People

cultivate were selected. Literature describing the key competencies for middle
and high school students was selected, while studies involving college stu-
dents and professionals were excluded. Five Korean documents were selected,
focusing on the literature that specifically explained each sub-element of
competency. These documents included reports issued by government-funded
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KEY COMPETENCIES FOR EXTREME CITIZEN SCIENTISTS 13

research institutes that study and implement the domestic curriculum and
educational evaluation and were cited in the majority of domestic literature
searched with the above keywords. For searching international literature,
Google Scholar was used with keywords combining the words “competency,”
“competency,” “key competency” with the words “citizen science,” “
“action,” and “civic education.” More than 1 million documents were found, but

education,”

most of the documents were excluded after applying the same criteria as the
Korean literature search. Among the remaining, six English documents that
specifically presented sub-elements of each competency and were frequently
cited in other documents were selected (Table 3).

TABLE 3 List of literature for the second research question

Jensen & Schnack (1997) The Action Competence Approach in Environmental

Education
Weinert (1999) Concepts of Competence
Breiting & Mogensen Action Competence and Environmental Education
(1999)
Jensen (2004) Environmental and Health Education Viewed From an
Action-Oriented Perspective: A Case From Denmark
Lee et al. (2008) A Study on the Vision of the Elementary and Secondary

Curriculum to Improve the Key Competencies of Koreans
in the Future: Focus on Setting Sub-Elements by Key
Competency Area

Wilson-Hill et al. (2008)  Action Competence in New Zealand Schools: Improving
the Capacity for Understanding Student Learning in EFs

Mogensen & Schnack The Action Competence Approach and the

(2010) “New” Discourses of Education for Sustainable
Development, Competence and Quality Criteria

Kim et al. (2013) A Study for Developing Student Competency Index

Choi et al. (2014) Promoting Core Competency Education and Building
Innovative Learning Ecosystems for Fostering Talent for
the Future

Seo (2017) An Exploration of Competencies in the 2015 Revised

National Curriculum for the “Environment” Subject
Yun et al. (2018) Identifying and Applying Components of Five Scientific
Core Competencies in the 2015 Science Curriculum
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3.3 Analysis

The purpose of the first literature analysis was to identify the characteristics
of Ecs from the literature and describe the specific activities of Ecs. To this
end, the perspective towards citizen science and specific scientific activities
of citizens in the ECS stages in each article were identified and summarized
(Table 4). Terms were coined for the activities repeatedly observed throughout
the analysis and were then arranged in Table 4 for comparison.

Some activities, such as, “research problem definition,” “data collection,”
and “data analysis” were explicitly included in all studies; however, “hypothesis
setting and research design,” “research conclusion,” and “social action” activi-
ties were expressed in some studies. The ECSE group reviewed the data from
the first round of literature analysis and comparison and then identified the
characteristics and activities of ECs.

The goal of the second phase was to derive the competencies for ECs activi-
ties from the studies. An analysis framework was created with ECs activities
identified from the first phase (Table 5). On the vertical axis, the activities of
ECS200as are located. On the horizontal axis, the serial number of reviewed
documents is placed to identify any competencies that matched to the activi-
ties from the literature. The competencies found in the reviewed literature for
each Ecs activity were listed and described in the table by the first author.

Dozens of competencies were identified through this process, but many
of them seemed to overlap with one another. The ECSE group reviewed and

TABLE 4 Comparison of extreme citizen science activities in related studies

Activities Research Hypothesis Data Data Research  Social

Scholars problem setting, collection analysis conclusion action
definition research (spread the

design results)

Bonney and Dickinson ¢/ v v v v v

(2012)

Roy et al. (2012) v v v v v v

Haklay (2012) v 4 v

Skarlatidou et al. v v v

(2020)

Den et al. (2018) v v v v v

English et al. (2018) v v v v v

10.1163/23641177-BJA10053 | ASIA-PACIFIC SCIENCE ERUGATION, (2022)155285.45-10nu

via free access



KEY COMPETENCIES FOR EXTREME CITIZEN SCIENTISTS 15

TABLE 5  Analysis framework for competency extraction

Serial number No.1 No.2 No.3
of literature
ECS activities

Problem recognition
Research problem definition
Research plan establishment
Data collection

Data analysis

Research conclusion
Problem resolution plan
Social action

discussed the competencies identified and tried to reduce overlaps among
them. The results were reported and discussed during lab seminar. During the
lab seminar, we received feedback that the 10 competencies seemed to be gen-
eral and represented the specific characteristics of the Ecss well.

The ECSE group worked on arranging the 10 competencies based on the
characteristics of ECs (Table 8). As the 10 competencies tended to be complex
constructs with various abilities, they seemed not to have clear and mutually
exclusive boundaries, but rather overlapped with one another. After arrang-
ing them, some competencies, such as basic learning and tool utilization, were
characteristics that came to be included in all competencies of Ecs and were
more general competencies, while some competencies were more related to
the characteristics of ECS. For example, scientific inquiry, problem solving, cre-
ative thinking, and information processing competencies were identified as
being close to scientific investigation. The ECSE group worked on deriving key
competencies of ECSs from the integration of identified competencies.

In order to increase the credibility of the analysis, member checking was
used throughout the analysis process. The results of the literature review by
a researcher were reviewed by a group of researchers with background and
experience in ECSE and then reviewed by wider group of laboratory members,
and the analysis results were presented in science education conferences. In
addition, feedback from peers who attended presentations about this research
at domestic and international academic conferences were also considered and
used to further revise the study.
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4 Results of the Research

41 Characteristics of Extreme Citizen Science and Extreme

Citizen Scientists
The first phase involved identifying the characteristics of ECs and sub-activities
of Ecss. Three characteristics were identified: citizens participating in the pro-
duction of scientific knowledge, social action to share the results and resolve
the perceived problems, and collaborative relationships with others including
scientists (Table 6).

Based on the characteristics of Ecs, eight sub-activities of Ecss were iden-
tified: (1) problem recognition, (2) research problem definition, (3) research
plan establishment, (4) data collection, (5) data analysis, (6) research con-
clusion, (7) problem improvement plan, and (8) social action. The scope and
sequence of sub-activities may change depending on the characteristics of the
ECS project and context (Table 7).

TABLE 6 The characteristics of extreme citizen science

The characteristics of extreme citizen science

1. Citizens themselves recognize problems, set research topics, establish data col-
lection plans to solve them, collect data, analyze and interpret collected data.
Through this process, citizens independently participate in the production of
scientific knowledge.

2. Social action is carried out to inform the research results or to solve the per-
ceived problem.

3. Inthe process of generating scientific knowledge, citizens may participate
in collaborative relationships with scientists, but they may conduct research

independently.
TABLE 7 The sub-activities of extreme citizen scientists
1. Develop curiosity about simple scientific subjects and identify and collect data

through everyday sources to recognizing ssi1s affecting society using one’s own
regional and cultural expertise, citizens recognize problems on their own.
Determine the research topic for the recognized problem.

Establish a research plan.

Data is collected through scientific procedures according to the research plan.

AN SRS N

The collected data is analyzed.
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TABLE 7 The sub-activities of extreme citizen scientists (cont.)

The results are derived to make conclusions on the research topic.
7. Think about ways to improve the problem recognized through research

conclusions.

8.  Citizens act on their own or practice social action to improve perceived
problems.

4.2 Key Competencies of Extreme Citizen Scientists

As reported previously, the ECSE group review in second phase (see Figure 1)
identified and defined 10 competencies of Ecss (Table 8). The range of the
competencies identified seems to be wide: more general (self-management,
basic learning, communication, information utilization, and tool utilization),
science related (scientific inquiry, problem solving, and creativity) and social
(interpersonal, and social and civic).

The 10 competencies were reviewed by the ECSE group and lab members
and were evaluated as being too general to represent the unique characteristics
of the key competencies of ECss. Reflecting on this feedback, the ECSE group
decided to group the 10 competencies of ECss based on the characteristics of
ECS (Table 6) and “knowledge,” “function,” and “attitudes and values,” the com-
petencies suggested by the OECD Learning Compass 2030 (OECD, 2019b). To
distinguish the unique competencies of Ecss from the 10 competencies identi-
fied, the phase “key competencies of ECss” was used.

The three key competencies of Ecss identified were production of scien-
tific knowledge, social action, and collaborating with scientists and others
(Table g). The first key competency of ECs s, production of scientific knowledge,
was identified around the first characteristics of ECs (Table 6) and the skills
and knowledge in competencies of OECD Learning Compass 2030. Among 10
competencies of ECss, scientific inquiry, problem solving, creative thinking,
and information processing were closely related. This key competency can be
defined as the ability to conduct scientific inquiry on the relevant issues with
generally ill-defined problems and uncertainties of knowledge.

The second key competency of EcCss, collaboration with scientists and
others, was based on the collaborative relationship (Table 6). Among 10 com-
petencies of ECSs, interpersonal, communication, social citizenship, and
information processing were closely associated with this key competency.
Some competencies, such as basic learning and tool utilization, seemed to
be necessary to most of areas and related to all three key competencies. This
key competency was defined as the ability to form and maintain constructive
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Literature Identification

analysis of characteristics Estimating

- and activities of reliability in

for ECS ar{d data ECS by ECSE lab seminar
collection

group

L;t:;lat;;e Identification of Estimating Extracting key Estimating
for com Ztencies competencies reliability in competencies reliability in
ofI];CS by ECSE group lab seminar by ECSE group lab seminar

FIGURE1 Research process using IBSTPI model

TABLE 8 The competencies of extreme citizen scientists identified from the literature

Competency Definition

Scientific inquiry  The ability to set and control appropriate variables, design
research logically and critically, conduct research according to
scientific procedures, analyze data, and draw conclusions.

Basic learning The ability to know the basic principles of the natural world and
scientific principles and methods, including literacy, and to use
them appropriately.

Communication  The ability to choose and express one’s thoughts and emotions
appropriately and to think and communicate from the perspec-
tive of others.

Interpersonal The ability to cooperate with others for a common purpose and
understand, consider, and resolve conflicts meaningfully and
constructively with a tolerant attitude.

Problem-solving  The ability to clearly recognize problems to be solved, select
appropriate information and data to solve them, present various
ideas and solutions in consideration of various perspectives and
interests, and select and practice the most reasonable of them.

Creative thinking  The ability to think critically, creatively, divergently, and innova-
tively, and in a way that allows for the integration of ideas so as
to develop ideas in various ways and create new values.

Information The ability to have the ethical consciousness required to access

utilization and utilize information, collect and analyze necessary knowl-
edge and information, select knowledge and information appro-
priately, and effectively utilize it.

Tool utilization The ability to have knowledge of interactive language, text, 1CT,
etc. and to utilize them according to their purpose.
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TABLE 8 The competencies of extreme citizen scientists identified from the literature (cont.)

Competency Definition

Self-management The ability to reflect on one’s values and actions through reflec-
tive and reflective thinking, and to live self-directedly by clearly
recognizing what one should do for one’s life with self-identity
and confidence.

Social and civic The ability to actively participate in community development
and take responsible actions with the values and attitudes
required of members of local, national, and global communities
based on the spirit of compliance, environmental consciousness,
and ethical consciousness.

TABLE 9 Key competencies of extreme citizen scientists

Key competency Definition

Production of The ability to conduct scientific inquiry on the relevant issues

scientific knowledge  with generally ill-defined problems and uncertainties of
knowledge.

Collaboration with The ability to form and maintain constructive interpersonal

scientists and others  relationships and communicate effectively with scientists
and colleagues for the common purpose of understanding
and solving relevant socio-scientific issues.

Social action The ability to actively participate in social and civic actions
with problem solving competency in democratic ways.

interpersonal relationships and communicate effectively with scientists and
colleagues for the common purpose of understanding and solving relevant
socioscientific issues.

The third key competency of ECss, social action, was searched around the
second characteristics of Ecs (Table 6), and the “attitudes and values” com-
petency of the 0ECD Learning Compass 2030. Among the 10 competencies of
ECSs, social citizenship, interpersonal, problem solving, and self-management
competencies were more relevant to this key competency. The social action
key competency was defined as the ability to actively participate in social and
civic actions with problem solving competency in democratic ways.
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5 Conclusion and Discussion

The purpose of this study was to use a literature review to identify the char-
acteristics of ECs and to derive key competencies of ECSs to promote citi-
zen science education and scientific literacy for future citizens. We draw our
research conclusions as follows. First, the characteristics of Ecs are as follows:
(1) Citizens themselves recognize problems, set research topics, establish data
collection plans to solve them, and collect, analyze, and interpret data. Through
this process, citizens independently participate in the production of scientific
knowledge. (2) Social action is carried out to inform the research results or to
solve the perceived problem. (3) In the process of generating scientific knowl-
edge, citizens may participate in collaborative relationships with scientists, but
they may conduct research independently. Second, the sub-activities of ECss
are: (1) problem recognition, (2) research problem definition, (3) research plan
establishment, (4) data collection, (5) data analysis, (6) research conclusion,
(7) problem improvement plan, and (8) social action. These eight keywords
were used to extract the key competencies of ECSs from the literature. Third,
the three key competencies of ECSs are: (1) production of scientific knowledge,
(2) collaboration with scientists and others and (3) social action.

Before this study, the key competencies for citizen science had not yet
clearly been established. From literature reviews and expert discussions, three
key competencies were established based on the characteristics and compe-
tencies of ECs identified in this study. As interest in citizen science projects has
been increasing, efforts to prepare participants for citizen science have been
attempted. Lorke et al. (2019) systematically investigated training needs for
citizen science to develop competencies for citizen science projects for partici-
pants, facilitators, and project designers. They suggested three areas of needs:
core, operational, and engagement. Each area provides practical aspects of
training for participants. For example, core needs for participants include pro-
vision of a clear definition of citizen science, clear delivery of the scientific
background of the project, and relevance of the project to the training audi-
ence. They can contribute to the practice of citizen science projects and to the
preparation and input of the project; however, they do not describe the key
competencies to be developed throughout the project. Our study can provide
valuable information and direction on the goals of citizen science.

Blanco-Lopez et al. (2015) conducted a Delphi study to establish the key
aspects of science competency for citizenship in Spain. Although this is not
directly related to citizen science, it is of interest because it deals with science
competency for citizenship, to which Ecs is also very closely related. They
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reported five aspects: critical attitude/thinking; individual responsibility; abil-
ity to search for, analyze, synthesize, and communicate information; ability to
reason, analyze, interpret, and construct an argument in relation to scientific
phenomena and knowledge; and ability to work as part of a team. Although
they are different from the key competencies of Ecs of our study in terms
of the number and scope of each competency, there seems to be common
ground. Individual responsibility may align to social action in Ecs, and ability
to work as part of a team is related to collaboration with others in Ecs. The
rest of the five are closely related to scientific knowledge production. As their
science key competency was established for science education in general, they
did not specify science-related social issues and collaboration with scientists
as was done in the findings of this study.

In the international trend of key competencies in science education com-
piled by Koh and Jeong (2014), Australia and New Zealand reckon “personal
and social competency” as one of the key competencies. As uncertainty and
unpredictability increase in the future due to the development of complex sci-
ence and technology, ECs becomes more important as the need of citizens’
participation in scientific issues increases. The importance of these competen-
cies can also be found in the OECD 2030 project. The 0ECD Education 2030
project predicted that the society of the future where today’s students will live
will have characteristics of uncertainty, unpredictability, well-being, tolerance,
and fairness, unlike the paradigms of success, efficiency, and economic growth
that have been noted since the industrial era. The context of social change is
explained in terms of environmental, economic, and social aspects. It is also
necessary to set a new educational purpose in the future (OECD, 2019). Against
this background, scientific exploration should now have a different set of goals
and competencies for science researchers and participating citizens. In this
respect, ECS carries characteristics and fosters competencies that are most
sought after in today’s society.

This study is based on a literature analysis, which has some limitations.
First, since this study is an explorative study, which derives the key competen-
cies required of Ecss from a literature analysis, the direction is different from
the competency model developed by analyzing people with excellent com-
petencies in the field, just as it is mainly used for competency development
in the job field. In addition, some literature in which specific competencies
were emphasized was excluded in order to increase objectivity and persuasive
power in the process of selecting documents to be analyzed. This may affect
the key competencies of Ecss. This study also adopted group discussion to
identify the characteristics and key competencies of ECs. The members of the
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group had strong backgrounds in and experience with ECSE; however, they
also had limited experience with Ecs. The characteristics of the ECSE group
may have affected the findings of this study.

6 Implications for Practice and Future Research

Finally, this study has the following significance: While the vision of scientific
literacy required by the public in a society where future uncertainty increases,
attention was paid to extended civic science consistent with scientific literacy
Vision 111. In order to incorporate ECS into a competency-based curriculum,
the key competencies required as ECSs were derived. Citizens’ participation in
scientific research and technological innovation is important. At a time when
efforts to revitalize it are increasing, ECS seems to be an exemplary approach.
This research achievement is of great academic significance in that it embod-
ied the key competencies of ECSs.

With active international interest and research on key competencies in the
education community, key competencies were set for both the overall curricu-
lum in the Korea’s 2015 revised curriculum and for each subject. This study can
contribute to the elaboration of the concept of a key competency in that this
study has established key competencies for Ecss that have not been developed
so far.

The key competencies of ECss presented in this study may suggest the
direction of school science education to which the scientific literacy Vision 111
is applied. The research results of this study may be used to further research on
the development of competency measurement tools to measure the key com-
petencies of Ecss, the development of ECs programs, and textbooks. In addi-
tion, it seems necessary to conduct empirical research on the cultivation of
students’ competencies through the practical implementation of educational
activities reflecting the key competencies of EcCss.

Abbreviations

DeSeCo  Definition and Selection of Components

EC European Commission

ECS Extreme Citizen Science

ECSE Extreme Citizen Science Education
EU European Union

KC Key Competency

10.1163/23641177-BJA10053 | ASIA-PACIFIC SCIENCE ERUGATION, (2022)155285.45-10nu

via free access



KEY COMPETENCIES FOR EXTREME CITIZEN SCIENTISTS 23

OECD Organization for Economic Cooperation and Development
SL Science literacy
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