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Abstract

Citizen science, and online citizen science, are part of a movement towards open and participatory science,
where education is particularly interested due to its potential benefits such as educating learners about the
scientific process, as well as the topics of their study. This research is part of a project investigating the role
of online citizen science in primary school science education, and provides an understanding of both citizen
science and online citizen science from the literature, and then derives working definitions, which will be the
guide for our further investigations.

Introduction

There has been a movement in recent years towards open and participatory science, in an effort to make
scientific research more accessible to all levels of society. Citizen science (CS), and online citizen science
(OCS) aim to help with this movement (Bonney et al., 2009), where the latter has become more and more
popular in recent years (Nov et al., 2011). One area of society that has become particularly interested
in OCS is that of education (especially science education) (Harlen, 2017), where potential benefits are to
use OCS to educate learners about the scientific process, and about the particular topics of real scientific
projects through participation facilitated by digital technologies. However, research on how OCS relates to
the formal setting of science education has received little attention so far. Furthermore, while much research
spoke about OCS, no work so far seems to offer an unambiguous differentiation between CS and OCS. This
article aims to close this gap, first providing an understanding of both CS and OCS from the literature, and
then deriving working definitions from these understandings, which will be the guide for our investigation of
online citizen science in the science education of primary school children.

The remainder of this article is structured as follows. We begin by providing the background of our research
project, emphasising the link to education research and teaching practice. Afterwards we describe the
methodology we followed for our initial literature review from which we derived the working definitions of
CS and OCS, which will be presented afterwards. Finally we give a brief outline of how this informs our
ongoing research on novel ways to purposefully embed OCS for Year 3-8 students in New Zealand primary
classrooms that meet the aims and intentions of the Nature of Science strand of the New Zealand Curriculum.
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Citizen Scientists in the Classroom: Investigating the Role of Online Citizen
Science in Primary School Science Education

This research is part of a larger research project that has been funded by the Teaching and Learning Research
Initiative (TLRI). The TLRI is a fund initiated by the New Zealand government to “link education research
and teaching practice”(sit). The “Citizen Scientists in the Classroom” project explores the impact on student
learning and engagement with science, incorporating OCS projects in New Zealand primary school classrooms
(Year 3-8). It involves a co-constructive partnership (see Fig. 1) between researchers at Victoria University
of Wellington and primary school teachers who have been identified as advocates of science education in
New Zealand, and is the first attempt to investigate the potential of OCS projects to contribute to the
improvement of science education of primary-age children.

This project is itself organised as a participatory open science project, and aims for a continuous interaction
with the scientific community, educators, students and their parents, as well as the general public. For
this reason we make as many resources of our work as possible publicly available, even when these are in a
preliminary or work in progress stage. This working definition is the initial artefact that we want to make
available, and for which we seek feedback, comments and input from all the aforementioned groups. By doing
so we hope to achieve high transparency in the scientific process of this project, to contribute a blueprint or
reference case of a novel open approach to scientific inquiries in the areas of educational research, computer
supported collaborative work (CSCW) and human-computer interaction (HCI), and ultimately improve the
outcomes of our projects for the benefit of teachers and learners.

Citizen Science and Online Citizen Science: A Literature Review

Methodology

The cornerstone of a good literature review is to apply a conceptual framework that helps to focus it (Willison
and Siponen, 2007). We adopted the approach proposed by Webster and Watson (2002). This initially
consisted of specifying the domain of interest for the research, which in this case is citizen science, and online
citizen science. To gather relevant literature for this domain, a search was conducted on “Google Scholar” for
the key terms “citizen science” and “online citizen science”. From the opening search, a number of articles
were identified, and an initial concept matrix was built, where the predetermined concepts were “citizen
science” and “online citizen science”. In addition to this we built on our previous knowledge about relevant
scientific papers in this area and added those to our literature corpus. Each article was then reviewed,
and added to the concept matrix anytime it referred to one of these predetermined concepts, inserting the
particular sentence that corresponded to the concept. After this, the citations of these articles were reviewed
to identify other relevant articles, and these were also read and added to the concept matrix when relevant.
After the tenth article was reviewed, a saturation point had been reached where no new information about
the concepts was being discovered. The completed concept matrix is presented in Table 1 below (or can be
viewed as a Google Sheet here), which was analysed for emerging patterns to help create an understanding
of CS and OCS.

What is Online Citizen Science anyway? Two working definitions

Before a definition of OCS can be formed, it is first important to understand what CS is, as it’s the foundation
on which OCS is built. This understanding is created from the concept matrix in Table 1, where the emerging
patterns of what the articles discuss are synthesised. The same approach is then adopted to provide an
understanding of OCS, and a working definition is again formed from this understanding.
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Figure 1: The research-practice nexus underlying our co-constructive partnership.

A working definition of Citizen science

Citizen science is a concept that has been practiced as far back as the 1700s (Raddick et al., 2009), and
is a scientific practice (Raddick et al., 2009, 2013) that involves members of the public (Nov et al., 2011;

3
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Crowston et al., 2018; Hassman et al., 2013) actively engaging with professional scientists (Nov et al., 2011;
Wiggins and Crowston, 2011; Raddick et al., 2013) in scientific work (Wiggins and Crowston, 2011). The
members of the public participating can be referred to as citizen scientists (Raddick et al., 2009, 2013) or
volunteers (Raddick et al., 2009; Wiggins and Crowston, 2011; Crowston et al., 2018). The engagement
requires following an established protocol (Wiggins and Crowston, 2011) that is often created by the scien-
tist (Lewenstein, 2004b) (although it can be argued that citizen scientists can participate in some of these
steps), and can include one or more of the following tasks: data collection (Raddick et al., 2009; Wiggins
and Crowston, 2011; Crowston et al., 2018); data processing (Curtis, 2014; Yadav and Darlington, 2017);
data analysis & interpretation (Raddick et al., 2009; Wiggins and Crowston, 2011; Crowston et al., 2018);
and/or dissemination of results (Crowston et al., 2018; Lewenstein, 2004a). Outcomes from citizen science
projects includes advancements in scientific research (Raddick et al., 2013; Hassman et al., 2013), as well
as increasing the public’s understanding of science (Raddick et al., 2009; Nov et al., 2011; Hassman et al.,
2013). Based on this understanding of citizen science, we offer the following definition:

”Citizen science is a process that involves professional scientists and citizen scientists engaging
on a scientific project. This engagement follows an established protocol, often created by the
professional scientists, which can include one or more of the following tasks: data collection, data
processing, data analysis & interpretation, and/or dissemination of results. Outcomes should
be advancements in scientific research, as well as an increase in the public’s understanding of
science.”

While this provides us with an understanding, and definition of CS, online citizen science (OCS) differs in
various ways. We suggest that it is important to highlight these differences, in particular in the light of
increasingly digital learning environments. Thus, an overview of OCS is presented in the next section, along
with a working definition.

A working definition of Online citizen science

Since the introduction of the Internet, and advancements in other digital technologies, citizen science has
evolved and many CS projects are situated online (Raddick et al., 2009; Curtis et al., 2017), allowing
professional scientists to be able to engage with citizen scientists in new ways (Raddick et al., 2009; Nov
et al., 2011; Raddick et al., 2013). This includes being able to provide easier access to large datasets (Raddick
et al., 2009; Hassman et al., 2013; Curtis et al., 2017); making tools available to support engagement from
citizen scientists that are geographically distributed (Nov et al., 2011; Wiggins and Crowston, 2011; Hassman
et al., 2013); facilitating communication in new ways between citizen scientists (Raddick et al., 2009); and
providing a wider reach to a broader audience of citizen scientists (Nov et al., 2011; Wiggins and Crowston,
2011). These citizen science projects can be aided by technology (Wiggins and Crowston, 2011), or can
be completely mediated online through technology (Wiggins and Crowston, 2011; Crowston et al., 2018).
This extension of citizen science has been called online citizen science (Raddick et al., 2009; Crowston et al.,
2018), and digital citizen science (Nov et al., 2011). Based on this understanding of online citizen science,
we offer the following definition:

”Online citizen science is an extension of citizen science, where the tasks to be completed are
aided, or completely mediated, through the Internet. Engagement can occur in different ways
such as providing larger datasets to be analysed; making tools available to support engagement
from citizen scientists that are geographically distributed; enabling new ways of communica-
tion between citizen scientists; and providing a wider reach to a broader audience of potential
participants.”
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Conclusion

In this article, which is a living open science resource, we presented an attempt to unambiguously define
and differentiate citizen science and online citizen science. It is the outcome of the initial exchange between
academic researchers at Victoria University of Wellington and partner teachers who are involved in science
teaching in New Zealand primary schools. Because the difference between online and offline is a guiding
rationale of our project, we decided to conduct a literature review, examining academic perspectives on
the matter. By doing so we inform our next steps in the project and also seek to contribute to a better
understanding in the research community and the general public of the difference between CS and OCS.

We suggest that it is important to make that difference, in particular in the light of increasingly digital learn-
ing environments and the role of digital technologies in the New Zealand Curriculum and similar primary and
secondary school curricula. Emphasising that digital technologies are a utility for some scientific endeavours
but not all of them (or not for all stages of them), bares a significant potential to create awareness of the
fact that we always have to be critical when utilising almost ubiquitous technologies and ask whether the
technologies are utilised purposefully. Furthermore, we seek to stimulate a discussion about the promises
and perils of the digital trace that citizen scientists leave when engaging with CS projects online, which is
an even bigger issue when the citizen scientists are students at schools.
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Au-
thor

Year Title Citizen Science Online Citizen Science

Has-
s-

mann
et
al.

2013 Learning at the
Seafloor, Looking at

the Sky: The
Relationship Between
Individual Tasks and

Collaborative
Engagement in Two

Citizen Science
Projects

The activities supported by
citizen science projects have the
potential to lead to significant

scientific discoveries and to also
support participant learning

opportunities

Online citizen science projects
provide tools and opportunities
that support public engagement
in scientific research processes,
often involving large data sets

Wig-
gins
and
Crow-
ston

2011 From Conservation to
Crowdsourcing: A

Typology of Citizen
Science

Citizen science is a form of
research collaboration involving

members of the public in
scientific research projects to
address real-world problems

Virtual modes of contribution
make it possible for a broader
audience to engage in scientific
work, as in other open content
projects. An increasing number

and variety of citizen science
projects are taking advantage of
the affordances of technology to

advance scientific research
Active engagement in scientific

work differentiates citizen
science from other forms of

public participation in scientific
research where volunteers take

less active roles

Citizen science projects that are
entirely mediated by

information and communication
technologies (ICTs) are often

considered a form of
crowdsourcing applied to

science
Citizen science is related to

long-standing programs
employing volunteer monitoring

for natural resource
management, and is often

employed as a form of informal
science education or outreach to
promote public understanding

of science

In the science-oriented Virtual
projects, all project activities

are ICT-mediated with no
physical elements whatsoever,
differentiating them from the

Investigation projects in which
the physical places of volunteer

participation was also
important

Crow-
ston
et
al.

2018 Coordinating
Advanced Crowd
Work: Extending
Citizen Science

Citizen science is a broad term
describing scientific projects
that rely on contributions to

scientific research from
members of the public (i.e.,

citizens in the broadest sense of
the word)

The interactions between
volunteers and the project
organizers are often via the

Web, e.g. on a site that accepts
contributed data (e.g., eBird) or
that presents data and collects
volunteers’ annotations (e.g.,

Zooniverse)
Rad-
dick
et
al.

2010 Galaxy Zoo: Exploring
the Motivations of

Citizen Science
Volunteers

The practice of ”citizen science”
involves members of the public
(”citizen scientists”) working
with professional scientists to
complete a research project.

The availability of large
scientific datasets through the

Internet has allowed citizen
science projects to engage
volunteers in new ways. In
addition to collecting data,

citizen scientists can analyze
existing data, including data

from modern astronomy surveys
and missions

Citizen science pre-dates the
Internet, and early projects

involved participants making
observations of the natural

world that were often reported
through the mail. Today, these
observations are often reported
through the Internet, but they

do not require the Internet

The Internet, however, allows
citizen scientists to participate
in research in completely new
ways. For the first time, large
numbers of people are being

asked to analyze entirely online
datasets rather than to create
datasets, and to communicate

with others entirely online
Rad-
dick
et
al.

2013 Galaxy Zoo:
Motivations of Citizen

Scientists

”Citizen science” is a scientific
practice in which volunteers

from the general public assist
scientists in conducting research

Today, the presence of massive
online scientific datasets and

the easy availability of
high-speed Internet access

provide new opportunities for
citizen scientists to work on

projects analyzing and
interpreting existing datasets
This new method of citizen

science has shown great promise
in advancing both scientific

research and public
understanding of science – but
developing successful citizen

science projects requires a clear
understanding of citizen science
from the volunteers’ perspective

Nov
et
al.

2011 Dusting for science:
motivation and

participation of digital
citizen science

volunteers

Citizen science offers a
participatory approach for

conducting scientific research,
following the crowdsourcing
model, whereby volunteers

participate in scientific research
by contributing to data
collection and analysis

In digital citizen science
projects participation takes

place online

Citizen science represents a
low-cost way to both strengthen
the scientific infrastructure and
engage members of the public

in science

Scientists increasingly take
advantage of digital citizen

science. For example, Galaxy
Zoo - where volunteers classify

telescope images from the Sloan
Digital Sky survey - has reached

250000 registered members in
just three years

Digital citizen science is
founded on two pillars. The

first is technological: developing
computer systems to manage,
allocate, and aggregate, large

amounts of distributed
resources. The second pillar –
which this study investigates -
is motivational: attracting and
retaining people who would be

willing to contribute their skills,
time, and effort for a scientific

cause
There are important differences
between contributions made to
digital citizen science and those

made to other types of
community-based

peer-production projects First,
in digital citizen science there is
a clear distinction between the

volunteers making the
contribution and those

benefiting from the aggregate
effort (i.e. the scientists who
run the project) Second, it

often takes a long time for the
output of the scientific project
to be made public, in contrast
to community-based projects
where the contributions are
viewable immediately, which

may provide instant
gratification to contributors

Digital citizen science is
emerging as a powerful way to
conduct scientific research by
drawing on large numbers of

geographically distributed
volunteers

Rad-
dick
et
al.

2009 Citizen Science: Status
and Research

Directions for the
Coming Decade

Citizen Science involves
volunteers from the general

public in scientific investigations
as data collectors or analysts

But recently, Citizen Science
has moved to a web-enabled

mode of operations and
expanded into new and

innovative domains
The term ”Citizen Science” has

traditionally been used when
some aspect of the data

collection or analysis is beyond
the capacity of the core science

team, but is doable by a
distributed network of

volunteers, as happens with
weather data collection projects

and bird or other organism
censuses that happen

simultaneously over a large area

Improvements in detector and
computer technology mean that

the amount of available
scientific data is currently

doubling every year, while the
number of professional scientists
available to interpret the data

grows much more slowly

Citizen Science is based on the
realization that most of the

tools and data resources
necessary to do research in

astronomy are freely available
online, and that many of the
skills required for scientific

research are already possessed
by many members of the

general public. This approach
offers the promise of a large
team of volunteer Citizen

Scientists that is ready, willing,
and able to discover new

knowledge alongside
professional scientists

At the same time, advances in
data storage and web

technology are making those
data, including images, easier
for volunteers to access,1314

and social networking
technologies such as forums and
blogs are allowing communities

to form around a shared
interest in scientific research

Citizen Science experiences are
by definition authentic science
experiences – volunteers study

exactly the same data that
professional astronomers study,
use many of the same tools, and
contribute to the same scientific

journals that professionals do
The power of Citizen Science is
that it can meet the needs of

both science research and
science education at the same

time
Citizen Science has been

practiced since at least the
1700s12, but a number of

factors are now coming together
to accelerate its development

and to evolve it in new
directions

Citizen Science is first and
foremost a scientific endeavor in

which volunteers from the
public work with professional

scientists to conduct
publishable research

Citizen Science allows scientists
to complete research projects

that they could have never done
without involvement of public

volunteers
Citizen Science allows

volunteers to participate in real
scientific projects, and to be

recognized for this participation
Citizen Science also offers
exciting opportunities to

promote science literacy in its
audience of distributed

worldwide volunteers. As
defined by the American

Association for the
Advancement of Science in its

landmark Science For All
Americans, science literacy

entails understanding facts and
concepts in science domains;

understanding the process and
methods of science;

understanding of the ways in
which scientists think about the
world; and understanding the
two-way relationship science
has with the larger world,

society, and technology
Lewen-
stein

2009 What does citizen
science accomplish?

Typically, a CLO citizen science
project has the following

elements: CLO researchers
identify a research question that

requires data gathering on a
scale that cannot be

accomplished by individual
researchers or small research

teams. They design a research
protocol and create a ””research

kit”” with instructions and
supporting materials. A crucial

element is the datacollection
form; it must be easy-to-use,

yet include enough information
for scientists to test relatively
complex hypotheses. In the

early years, the materials were
entirely printed; today, they are
often available primarily online,

especially the data-collection
forms. Participants are

recruited, sometimes through
CLO’s own membership,
sometimes through other

birding organizations (such as
local Audubon chapters),

sometimes through schools,
sometimes through public

announcements and publicity
(when one project was
mentioned on a major

nationwide morning news
broadcast, the CLO received

nearly 80000 phone calls in the
following hours and days).

Projects range from a single
weekend or short set of

observations to full seasons of
observations. Data are

submitted to the CLO by mail
or Internet. Results are posted
online, and various publications
are sent to project participants

to keep them informed of
project progress

Cur-
tis

2014 Online citizen science
games: Opportunities

for the biological
sciences

However, recent developments
in digital tools and the growth

of the Internet have greatly
altered the citizen science
landscape, increasing the

number of people who are able
to participate in such projects,

and expanding the range of
disciplines and research

problems that can be addressed

Online citizen science projects
enable interested individuals to

get involved with scientific
research wherever there is an

internet connection

A growing number of citizen
science projects are conducted
entirely through the Internet

and participants help to analyse
large sets of data that have

been provided by the project
scientists

Projects can take a variety of
formats and the task required of
the citizen scientists may vary

in its level of complexity
For example, distributed

computing projects simply
require that participants run

project software that
automatically analyses ’work
units’ provided by the project

team. For example,
Folding@home

(http://folding.stanford.edu/) is
a project in which participants
run algorithms that simulate

protein folding. No other active
input is required. Other
projects require greater

cognitive involvement and
participants may be asked to
classify or annotate images or
graphical data. For example,

Cell Slider
(http://www.cellslider.net/)

asks participants to help
identify cancer cells on archived

cell samples. More recently,
scientific research problems
have been repackaged into

online multi-player computer
games that use stylised
graphical interfaces and
introduce elements of
gamification such as

competition between players
and performance ranking

Ya-
dav
et
al.

2017 Conceptual
Frameworks for
Building Online
Citizen Science

Projects

Citizen science projects
encourage volunteers to

participate in solving scientific
problems across a wide range of

scientific disciplines, from
astronomy (Disk detective,
2014) to ornithology (eBird,

2002; NestWatch, 2008)

An internet-based citizen
science application (citizen
cyberscience) deployment

category represents a group of
deployment scenarios where

volunteers can actively
participate in science through
interactive online interfaces

(human computation) or
passively by contributing
computational power to
projects (also known as
volunteer computing)

The standard process in any
scientific project involves three
steps: scientific data collection,

data processing and
data-interpretation. Citizen
science projects can involve

volunteers (citizen scientists) in
all three steps

Projects are often structured to
enable participation by a wide

range of individuals, from those
who are scientific experts in the
project’s domain to members of

the public who have no
experience of the domain but

are interested to learn and take
part in the project

Once scientists have collected
the data, they create

procedures and methods to
process this data

Table 1: Concept Matrix for Citizen Science and Online Citizen Science Literature Review
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