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Abstract

This paper identifies the diverse ways in which participants engage with
science, through the same citizen science project. Using multiple data
sources, we describe various activities conducted by citizen scientists in an
air quality project, and characterize the motivations driving their
engagement. Findings reveal several themes, indicative of participants
motivations and engagement; worried residents, education and outreach,
environmental action, personal interest and opportunistic engagement.
The study further illustrates the interconnectivity between science
communication and citizen science practices and calls for nurturing this
relationship for the mutual advancement of both fields.
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Introduction

Public engagement with science has evolved extensively over the past two decades
since the introduction of the Web 2.0, social media and smart phone ownership.
These have created both numerous communication challenges prompted by the
glut of available information, and new opportunities for active engagement,
accessibility and the transparency of scientific data. One of the fastest growing
areas of public engagement with science that has been prompted by advances in
technology, is the field of citizen science which provides opportunities for the
public to engage in active scientific endeavors in collaboration with professional
scientists [Bonney, Ballard et al., 2009; Bonney, Shirk et al., 2014]. By collecting
scientific data, monitoring the environment, classifying images and sounds, asking
scientific questions and analyzing data, citizens today can contribute to the
co-creation of scientific knowledge. This provides new opportunities for science
and society alike by challenging norms and reinforcing a more democratic
approach to scientific investigation, evaluation and knowledge production
[Storksdieck et al., 2016].
Citizen science calls for inclusiveness, reciprocity between project stakeholders
[Golumbic, Orr et al., 2017; Soleri et al., 2016; Storksdieck et al., 2016] and the
Article
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fostering of a two-way dialogue between citizens and scientists [Bonney, Phillips
et al., 2016]. This echoes the Public Engagement with Science (PES) model, which
advocates democratic processes such as increased transparency and collective
decision making within science [Brossard and Lewenstein, 2009], and suggests that
mutual benefits can be achieved by creating reciprocal relationships between
scientists and other stakeholders of science [McCallie et al., 2009].
Participants in citizen science projects are often viewed as one collective group in
the literature analyzing their motivations, derived benefits and outcomes.
However, different audiences may have different motivations and needs when
participating in citizen science projects [Cox et al., 2018; Tiago et al., 2017]. These
may include addressing environmental hazards, as in the case of Global
Community Monitor [Phillips et al., 2019], learning about the natural world as in
the case of the Great Pollinator Project [Domroese and Johnson, 2017] and
contributing to science, as in the case of SETI@home [Nov, Arazy and Anderson,
2011]. Considering each group’s agenda and motivation for participating in citizen
science is a key factor in encouraging greater participation and the retention of
volunteers [Tiago et al., 2017]. While some projects direct themselves towards
specific audiences and existing communities [e.g. Golumbic, Baram-Tsabari and
Koichu, 2019], others provide opportunities for multiple audiences with diverse
needs and levels of participation [e.g. Haklay, 2013].
Engagement in citizen science can take different forms, and ranges from passive to
active [Eveleigh et al., 2014], from local to global [Roy et al., 2012], from virtual to
location-based [Wiggins and Crowston, 2011] and a range of contribution and
activity levels [Aristeidou, Scanlon and Sharples, 2017; Jackson et al., 2016].
Likewise, the activities available for participants to engage with are expanding as
citizen science becomes more widespread. These include data collection, data
classification and tagging, data analysis and interpretation, asking and answering
research questions, community involvement and communication [Phillips et al.,
2019; Wiggins and Crowston, 2015]. As projects develop and provide multiple
opportunities for participants, the reasons why participants choose one activity
over others may be of interest. Furthermore, as citizen science strives to involve
diverse audiences and increase inclusiveness, it is important to investigate these
audiences’ characteristics.
In an attempt to better understand diverse audiences’ potential interest and
engagement with citizen science, we explored the underlying engagement styles of
participants in an air quality citizen science project. Acknowledging there are many
ways to be involved in citizen science, we examine the diversity in participants’
interaction with the project and investigate the reasons which drive this
engagement.

Literature review

Aligning science communication models with citizen science continuum
Science communication addresses the study of public processes of understanding
and engaging with science [Bucchi and Trench, 2014]. Models of science
communication have evolved over time, as discussed by Bauer [2009] and others,
shifting from a deficit approach to a more deliberative approach, which considers
science in the context of society. The Public Engagement with Science (PES)
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approach which has developed over the past 20 years, corresponds to the science
communication “dialogue model”, referring to mutualistic relationships between
scientists and different publics. This model is based on the belief that scientists are
not the sole experts, and scientific knowledge alone is not sufficient to fully address
complex topics such as the development and application of science and technology
in society [McCallie et al., 2009]. The PES model was extended by Trench [2008] who
proposed dividing engagement into dialogue and participation. In his framework,
dialogue is defined as communication between scientists and public representatives
and is aimed at a specific applications or consultation. Participation is defined as
communication with diverse groups based on the belief that all can contribute, and
all have a stake in the outcome of the deliberations and discussions [Trench, 2008].
Citizen science has been defined by Bonney, Ballard et al. [2009] as Public
Participation in Science Research (PPSR). A natural place for citizen science within
the science communication models, would therefore appear to be within the
participation model, which positions both scientists and publics as equal
stakeholders who take part in shaping an issue, setting the agenda and negotiating
meaning. However, citizen science projects are diverse and often vary in their level
of inclusion [Bonney, Ballard et al., 2009; Haklay, 2013]. Thus different citizen
science projects may align with different science communication models [Sagy
et al., 2019]. For example, contributory projects that are initiated and managed by
scientists and involve participants mainly in pre-defined data collection tasks
(following a protocol designed by scientists) [Bonney, Ballard et al., 2009], may be
considered low engagement levels. Such projects may better be aligned with the
deficit model, which similarly utilizes a top to bottom approach as it addresses lay
audiences [Brossard and Lewenstein, 2009]. In contrast, co-created projects that
involve the public in all stages of the research process, including initiation and
planning [Bonney, Ballard et al., 2009], correspond to a high engagement level and
therefore could be aligned with the participation model, which considers all
stakeholders as equally important.
Ultimately, citizen science varies in its level of participation between projects and
thus cannot be collectively included in one science communication model. Schrögel
and Kolleck [2019] suggested a three-dimensional framework describing the
various modes of participation in science. The framework incorporates a normative
focus (the degree to which the public is included in decision-making), an epistemic
focus (the degree to which publics are included in knowledge generation processes)
and a public outreach focus (the reach of a project beyond institutionalized
scientists). Each of these dimensions describes a continuum between scientists and
publics which jointly describe the many forms of public participation in science.
Classification of citizen science participation and motivation
Even within one project, participation levels may vary and participants may
engage in different activities and express different behavioral traits [Haklay, 2013].
Such behavioral traits often relate to the level of activity in the project, from active
members who contribute the majority of the work, through less active participants,
and members who consume content, but do not contribute to community activities
personally [Jackson et al., 2016]. Jackson et al. [2016] classified citizen science
participants into three levels of contribution within one project: casual workers,
https://doi.org/10.22323/2.19060203
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community workers and focused workers. Similarly, Aristeidou, Scanlon and
Sharples [2017] classified participants based on activity pattern profiles dubbed
loyal, hardworking, persistent, lurker and visitor. These diverse definitions of
participation demand a deeper investigation into participants’ perspectives of
citizen science and their underlying participatory choices. Such choices are largely
influenced by motivational factors which relate closely to participants’ emotional,
behavioral, cognitive, and social experiences [Phillips et al., 2019].
The motivations for participating in citizen science may vary across projects and
people. For example, Nov, Arazy and Anderson [2011], who investigated the
online citizen science projects Stardust@home and SETI@home, found that
participants’ main motivation was their desire to contribute to scientific research.
Rotman et al. [2012] found that participation in biodiversity citizen science projects
was influences by participants’ personal interest and pursuing an opportunity to
extend and expand their scientific knowledge. This does not mean every project
has a different set of motivations, rather that the balance in motivations may vary
between projects, or between participants engaged in the same project [Cox et al.,
2018; Tiago et al., 2017].
A systematic literature review of volunteers’ motivations to participate in citizen
science projects, conducted by Chako and Levontin [2019] revealed no less than 18
motivational categories identified in 42 research papers across citizen science
projects from many disciplinary fields. These include self-direction — independent
thought and action; stimulation — excitement, novelty, and change; nature
universalism — preservation of the natural environment and many others. The
many motivational categories and their multifaceted expressions underlie the
complexity of motivational structures and their interconnectivity. They further
highlight the role of motivation in shaping citizen science participation and
engagement styles, in that individual-level motivations have been suggested to be
powerful predictors of variations in citizen science volunteers’ activities and
retention [Cox et al., 2018]. This highlights the importance of understanding how
and why people interact with citizen science projects, to best meet their needs and
maintain their participation over time.

Methods

Research setting
This study was conducted within the citizen science project “Sensing the Air” that
monitors and facilitates air quality research in the local environment [Golumbic,
Fishbain and Baram-Tsabari, 2019]. It was initiated in the city of Haifa, which is
considered one of the most sensitive areas in Israel in terms of air pollution, due to
the proximity of its industrial zone to residential areas [Israel Ministry of
Environmental Protection, 2015]. Sensing the Air has two main activities: (A)
monitoring air quality through the active involvement of volunteers and (B)
facilitating the dissemination of air quality information to the public. As such it
combines both citizen science and science communication practices, providing
opportunities for large audiences to engage with air quality research and data.
Air quality monitoring implements static and mobile Micro Sensing Units (MSUs)
which are deployed in several locations in collaboration with project participants.
Locations include local schools, public spaces, private homes and other places of
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interest suggested by the participants. Measurements are transmitted automatically
from the sensors to a central database, and serve two purposes: 1) they enable
scientists to model air quality and examine the validity of the sensor network, and
2) they enable participants to conduct personal investigations of air quality in their
local environment, identify air pollution hazards and reduce exposure. This air
quality information can be accessed on the Sensing the Air platform, which
presents both sensor data (collected through Sensing the Air sensors) and official
data (collected by the government and municipalities), in a simple, user-friendly
display designed for the use of non-experts and project participants [Golumbic,
Fishbain and Baram-Tsabari, 2020; Golumbic, Fishbain and Baram-Tsabari, 2019]
Most participants in Sensing the Air are adult members of the public, who are
non-experts in air quality but interested or concerned about the impact of air
pollution. They were introduced to the project through social media, local media
coverage, internet searches and word of mouth. Participants are divided to platform
participants- those who view and interact with air quality information on the project
platform, and sensor participants- those who host sensors in their home and/or
perform personalized investigations and measurements in places of interest. In
most cases, sensor participants were also platform participants, as the information
from their investigations fed into the main project platform.
Research design and sample
In line with the two main activities of Sensing the Air (monitoring and presenting
air quality data), and the two types of project participants (platform and sensor
participants), this research was designed to investigate engagement styles of
participants involved in each of these activities. We start the investigation using a
broad perspective by accessing and analyzing the log data of the project platform,
gradually focusing the study on personal views of participants using survey data
and interviews. Using an inductive approach and integrating a variety of research
tools, this study design allowed a sensitive, insightful and rich exploration of data,
exposing structures and underlying patterns of engagement [Thomas, 2006].
The research population for this study were participants in Sensing the Air, as
defined above, divided to platform participants and sensor participants.
Participants were invited to take part in this study through Sensing the Air website,
e-mail listings, and project social media.
Our sample of platform participants included n=436 registered platform users and
n=123 survey respondents. Survey respondents were 57% female with an average
age of 40 and were mostly highly educated (i.e. holding tertiary qualifications).
Our sample of sensor participants includes n=25. Similar to survey respondents,
sensor participants ranged in age from 20 to 70, with an average age of about 40, of
whom 15 women and 10 men. Most sensor participants were highly educated, with
50% having a scientific or engineering degree and only 20% without academic
qualifications. These demographics are consistent with other citizen science
projects [as illustrated by Soleri et al., 2016, in a multiple, global project study],
which tend to engage educated participants, however, it was more diverse in terms
of age and gender.
https://doi.org/10.22323/2.19060203
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Data collection and analysis
Data collection combined multiple data sources and research tools, which were
used to construct a comprehensive understanding of engagement styles, assist
interpretation and preform triangulation to determine the consistency of the data
[Patton, 1999]. These included semi structured interviews, questionnaires,
participation reports, online comments and correspondence with participants and
log data from the project website, as detailed below.
The data collection spanned three years from August 2015 to August 2018. All the
data were collected and analyzed in Hebrew and representative segments were
translated into English. An IRB approval was obtained from the Technion
Institutional Ethics Committee (approval: Nov. 2014).
Log data from the project website. Data logging was automatically conducted by
the website operating system throughout the duration of the study, recording all
activities within the project platform. Log files included time and date of each site
visit, login of users, and activities such as viewing data, creating graphs and
reporting hazards. This data were used to discover usage behavior and browsing
patterns as described by Grace, Maheswari and Nagamalai [2011]. Data were
analyzed for each participant to determine the number and duration of visits and
types of activities conducted during the visits.
Questionnaire. A questionnaire examining the extent to which participants
understood the air quality data presented in the project platform and their
perceptions as regards the project, was reported on previously [Golumbic, Fishbain
and Baram-Tsabari, 2020]. Here, we reconceptualize the data and add
interpretation based on previously unreported open-ended questions addressing
participants perceptions of Sensing the Air.
The questionnaire was distributed to all Sensing the Air participants for a total of
n=123 respondents. Responses to open ended questions were received from about
half of respondents, and were thematically analyzed to form codes of repeated
ideas and recurring themes, and were each classified to one or more topics [Bazeley,
2013]. Intercoder reliability was examined and found to be above 90% agreement.
Semi structured interview. Interviews were conducted with sensor participants,
before or during participation and focused on participants’ perceptions,
motivations and expectations from participating in Sensing the Air. The interviews
were conducted individually, lasted about one hour and were conducted mainly in
participants’ homes or in the interviewer’s office (according to participants’
preference). Interviews were recorded, transcribed, and qualitatively analyzed
using thematic analysis [Guest, MacQueen and Namey, 2012] and used to
determine participants’ views on air quality, reasons for participating and
expectations from Sensing the Air.
Investigation report and feedback. Sensor participants who conducted personal
investigations were asked to share their experiences and findings by writing a short
report which addressed four questions: What did you investigate? How did you do
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it? What did you find? What are your conclusions? Modeled after the four sections
generally found in scientific reports- introduction, methods, results and discussion.
The reports were used to assess participants’ scientific skills, and abilities to plan,
execute and analyze personal research. They were analyzed based on use of
scientific practices (such as asking research questions and defining problems) and
compliance with scientific methodologies (such as control and replication), based
on the National Research Council framework for K-12 science education [National
Research Council (NRC), 2012].
Reports also included feedback on the project, indicating the positive and negative
aspects of the project and recommendations for the future. While feedback on the
project was implemented on a rolling basis to improve project management and
design, this data was also thematically analyzed and used to determine
participants’ activities in the project, experiences and achievements from
participation. This was used to reinforce the engagement styles and motivations
identified throughout the study.
Online comments, and e-mail correspondence. Throughout the study, all
comments sent through the project website, e-mail correspondence and
conversations with participants, were documented in a field diary. Online
comments and correspondence served to understand the participants’ priorities
and interests in the project. They were used as complementary information and to
assist interpretation and perform triangulation of the data.

Results

Platform participants
To understand how participants engaged with the online data presentation
platform, the log data were accessed and mined to account for individual visitors.
This provided information on the use patterns of the platform, in addition to
the number of visits and the activities conducted by each visitor. Interactions were
assessed both on an individual and group level, during a 30-month period (from
the platform launch, until the completion of data collection). Over this time, 436
participants registered to the platform, which provided them access to the full set of
information and data visualizations styles. Of these, 100 participants were recurrent
and visited the site at least three times, and 45 participants visited 10 times or more.
Overall, registered participants engaged in 8885 activities within the platform.
These included login, general interactions (e.g. loading the air quality map,
toggling between tabs), choosing a sensor, viewing data, interacting with pollution
chart (e.g. changing time frames, choosing air pollutants to be displayed), viewing
information about the platform and air quality, and reporting hazards, as detailed
in Table 1. Our data reveals, most of the interactions with the platform (41.6%) were
related to viewing and interacting with the air quality data provided in the
platform (choosing sensors + viewing data + chart interactions). While platform
users could also contribute data by reporting on air quality hazards they identified,
this feature was not broadly used and accounts for only 0.5% of interactions.
In addition to registered participants, the platform was accesses by over 2000
visitors, who had access to the general map providing spatial air quality
information.
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Table 1. Interactions with Sensing the Air platform by registered platform participants.
Type of interaction
View
About platform
information Detailed scientific information
Pollutant explanations
About stations
General interactions
Choosing sensors
Login
View data
Chart
Pollutant Data
Images
Station Data
Hazard reports
Chart Interactions
Report hazards

% of total interaction
17.5
23.8
3.8
1.5
1
17.5
17
16.6
4.9
13.5
3.8
3.6
0.2
1
11.1
0.5

Importance of data accessibility
Further to the general use patterns of the platform, it was of interest to investigate
participants on a more individual level and understand their motivations for
accessing the platform and perceptions of it as a way to disseminate air quality
information. Using an online questionnaire, platform participants were asked
about the significance of the platform from their point of view, and why they
choose to engage with it. The analysis of the answers revealed a number of themes
indicative of the importance of data accessibility, especially in a sensitive topic such
as air quality (see Figure 1). No differences were identified between participants as
a function of gender, age group or level of education.
Overall, 41% of respondents specifically indicated the platform is of great
importance. Over a quarter of respondents (28%) described the significance of
transparency and accessibility of data, as illustrated by the following statement:
“the importance of the platform is to provide information on air quality to the general
public”. The data furnished residents with information about their local
environment since “Each individual has the right to know the dangers and implications
for health of the environment- both in the home and the workplace, especially in a polluted
city like Haifa.” Other respondents (21%) underscored the importance in raising
awareness about air quality issues, stating the need for “social awareness of air
pollution problems by citizens, in their environment”. The platform was shown to
actively engage the public, and was described as: “The only project I know of that
includes the public in research, and gives the feeling that the public is an integral part of air
pollution problems in Haifa”. A few respondents (14%) felt that the platform could
help people “plan their day, choose where to buy a house, make decisions, etc.”, or more
broadly help protect the environment and improve health outcomes (14%), so we
can “live in a cleaner place and maintain our health.”
One respondent felt the platform was not useful, and explained: “This does not
interest me, I am a person who buries my head in the sand, I don’t even watch the news so
much”. Although there was only one instance of this type of response it is an
important point to consider when discussing public use and application of scientific
data, since in some cases non-participation is the result of a deliberate decision.
https://doi.org/10.22323/2.19060203
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Figure 1. Themes raised by platform participants, indicative of the importance of Sensing
the Air platform.

Sensor participants
Further to the analysis of platform participants, it was of special interest to
investigate those participants who actively engaged in air quality data collection.
Sensor participation was a multi-dimensional practice, achieved by enabling
participants to explore their own research questions while conducting experiments
and air quality measurements in their local environment. In order to examine how
this open-ended inquiry process inspired participants engagement styles, we
followed the activities of twenty-five participants over-time. Using multiple
research tools, we identified participant’s motivations, main activities conducted in
the project, previous knowledge, perceptions of air quality, and experiences with
the project.
The investigations conducted by participants varied in time and space and
spanned both indoor and outdoor measurements. Since participants were looking
for information regarding their personal lives, investigations centered around their
homes, offices and day-to-day routines. Many of the participants examined the air
quality in their house, investigations which included a comparison of air quality
between different rooms, between indoor and outdoor environments and
examination of indoor air quality while cooking. Other participants measured
outdoor air quality over time, hanging the sensor outside the window or placing it
on a terrace or garden. One participant examined air quality on her daily commute
to work, and a teacher who participated, examined air quality at the entrance to the
school during rush hour, and off-peak hours, investigating the differences.
Interestingly, the majority of these investigations addressed personal and local
issues, ones which people often encounter in their daily life.
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Motivations, activities and experiences
Through ongoing communication with Sensing the Air participants and analysis of
their reports and interviews, a number of themes arise, demonstrating participants
motivations, activities and experiences within the project. Together, these themes
demonstrate a range of engagement styles, perceptions and levels of commitment
by Sensing the Air participants. While some participants held one overarching
engagement style, categorized by one of the following themes, others had a
combination of several. This illustrate the complexity and interconnectivity
between participants motivations, activities engaged within the project, satisfaction
and achievements.
Worried residents. The “worried residents” was the most abundant theme
arising from the analysis with eleven participants indicating this was a motivation
for participation in Sensing the Air (sometimes in addition to other motivations).
Many (but not all), of these participants live in the Haifa area, hear about air
quality problems and pollution and are concerned and cautious. They are worried
about the health implications of air pollution, especially on their children’s health,
and want to know whether by living in Haifa they are endangering their family. As
one of the participants stated: “I feel this is my responsibility as a parent. . . I don’t want
to take the chance my children will become sick” (Par #6). Participants indicated they do
not have the information they need to make decisions and that their participation
in Sensing the Air is an attempt to find some answers to these uncertainties.
One participant explained this stance: “There is a lot of uncertainty. I don’t really know
what’s going on in terms of air pollution” (Par #2). Another participant exclaimed when
asked about the level of air pollution in Haifa: “Interesting question. That is a secret.”
He continued: “We don’t know what the truth is . . . we have no real data” (Par #1).
This feeling of uncertainty motivated the worried residents to engage with Sensing
the Air and conduct air quality measurements and investigations. Many
participants measured outdoor air quality in their immediate environment over
time, in an attempt to understand air quality levels and if it is really as bad as often
claimed in the media. Another type of investigation of outdoor air quality was
exemplified by a worried resident comparing air quality measurement in three
areas of the city. The participant explained that her family is looking to buy a house
and: “when we think where we want to make our home, the air quality issue is important
and relevant to us, a topic we want to take into account” (Par #13). An additional
example of an investigation conducted by a worried resident is the measurement of
air particles outside an office. The participant explained his office is adjacent to two
industrial facilities which produce noxious odors, and dust which accumulates on
vehicles. He explained that while the dust is a great inconvenience, his real concern
is its health implications: “My father had cancer. He didn’t work in one of these
industrial facilities, he had a private office, but to me, this is one of the thoughts that come
to mind — pollution, industry, bad smells, all these things cause cancer” (Par #20).
Participants engaging with Sensing the Air for these reasons, generally reported a
positive experience with the project as it provided them with the opportunity to
investigate air quality in their places of interest, enabling them to make informed
decisions. As one of the participants indicated in the feedback form: “The measuring
device gives me information that may help me reduce the amount of pollutants in the area.”
He later said: “I think every project that tries to save the environment and addresses
https://doi.org/10.22323/2.19060203
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people and their quality of life, is important. I am extremely pleased [with my
participation]” (Par #20).
Education and outreach. Six of the participants indicated their motivation to
participate in the project was related to education and raising awareness to air
quality topics. Of these, three participants were teachers who looked to involve
their students in the project, considering it an interesting, relevant, and innovative
way to engage and motivate students. They also believed that engaging their
students in authentic research was exciting, could promote their learning processes
and strengthen their understanding of scientific inquiry. One of the teachers
explained her interest in participating as follows: “This topic concerns us in the Haifa
area, with all the industries. It’s something the students are aware of. It’s authentic and
relevant to them” (Par #22).
Additional participants who were motivated by education and outreach were
excited by the opportunities provided by Sensing the Air in terms of data
accessibility and transparency. One participant explained the importance of the
project in involving the public with science and saw it as one solution to the social
problem he defined as: “the lack of transparency and lack of public participation in the
decision-making process related to air pollution in Haifa, which results in public distrust”
(Par #9).
Participants who indicated the importance of the platform in these ways, were
usually familiar with air pollution topics attained through media coverage and
conversations with families and friends. They expressed their personal learning
through participation and indicated they feel empowered by their participation, for
example: “I feel [the sensor] gives me a lot of power to control my exposure” (Par #23).
Participants viewed the project as an important public engagement initiative, had a
positive experience and volunteered to help spread the word and attract more
participants to the project, indicated by one of the participants: “This is very
important project. I take it upon myself to recruit others [. . . ] to support scientific research
and develop research skills in the service of society” (Par #17).
Environmental action. A number of participants (N=4) indicated they were
motivated to participate in Sensing the Air due to civic and environmental action.
These participants were generally already engaged in environmental activities and
perceived their involvement in the project as an additional activist activity. In the
words of one of the participants: “We are a growing group of activists contesting
[industry development] programs the government wants to introduce [in Haifa bay]” (Par
#11). The participants motivated by civic action were interested in the air quality
data received form the air sensors, but were not necessarily interested in the
scientific applications of the data. Their motivation for participating was to gain
information, experience, and familiarity with air pollution issues, facilitating their
civic action rather than promoting scientific research. This was echoed in the words
of the participants who asked, regarding the information obtained from the
sensors: “Does this have any significance beyond research activity? Political influence is
what really matters” (Par #12).
This theme differs from the worried resident theme since it incorporates
participants who have been proactive about air quality for some time and are
https://doi.org/10.22323/2.19060203
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interested in improving air quality in their city for the benefit of the community at
large. Many of these participants understood air quality concepts and were able to
discuss municipal monitoring systems in great detail. For example, one of the
participants who criticized the current governmental monitoring scheme
explained: “Heavy metals have not been monitored since 2012 or 2013, although they are
supposed to be measured twice a year” (Par #8). They are often opinionated about air
quality in their location, do not trust the authorities, and do not trust the official air
monitoring systems used by the government. They engaged in Sensing the Air as
an external body that can provide reliable, unbiased data. As indicated by one of
the participants: “There is a need for someone we can trust. Some independent body that
is not funded by them [ industry]” (Par #12).
In many ways these participants wanted the data collected to support their
predefined opinion about air quality. They perceived the air quality in the area as
bad and were looking for the data to support this opinion. When the data did not
support their opinion, some participants claimed the project did not meet their
needs or was not sufficient to produce the data that they were looking for. They
hence ended their participation in the project and either did not complete the
personal investigations or did not submit the investigation reports. This was
explained as a priority choice — as time was at a premium, they preferred
spending it on activism rather than on long term research endeavors. An example
of this emerges clearly from a message sent by one of the participants:
“Unfortunately I must inform you that I want to terminate my participation. I am already
engaged in real activity with [an environmental activist]. I do not have time to do things for
research” (Par #11).
Personal interest. Rather than emphasizing on external motivations, some
participants (N=4) indicated they were genuinely interested in the topic of air
quality. These participants had many questions about air quality and many ideas
on ways to conduct personalized research on the topic. Their motivation to
participate was to acquire the air-sensing monitors, which would provide the
infrastructure and data to support these investigations. They enjoyed the process of
planning and conducting experiments, invested considerable time and tried to be
as accurate as possible. For example, one of the participants while planning his
experiment, asked: “Are there any calibration measurements you have conducted under
controlled conditions, to check sensor readings relative to objective concentrations?” (Par
#19). The experiments conducted by these participants often had many variables
and were designed to compare air quality in various locations over time (while
maintaining good scientific practices, as indicated above). One of the participants
expressed her disappointment that she could only borrow one air sensor: “What I
really want to do, is examine air quality at home, and compare it to different locations. If I
had twenty sensors, I would be able to do this” (Par #18). Some participants performed
a number of experiments and thus provided a few scientific reports (one
participant provided five separate reports).
Participants motived by their personal interest, understood scientific concepts and
exhibited many scientific competences which were reflected in their written
reports. They made use of concepts such as control, replication and uncertainty,
understood the limitations of the study and tried to explore all variables and
indicate their reservations about the reliability and validity of the results (similar to
reservations often found in scientific reports written by scientists). An example of
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the use of scientific skills is illustrated in the following transcript from one of the
reports: “I placed the sensor a couple of cm from the stove. I measured background levels of
NO2, then turned on the flame. [comparison] The experiment was performed at two
separate times. [replication] The experiment is qualitative in the sense and there is no
quantitative measurement of “how much gas was consumed” [limitations] .” When
presenting the results, he explained that some data outliers were “probably due to
pre-ignition of the gas prior to placing the sensor [. . . ] which may affect the accuracy of the
experiment” [reliability and validity] (Par #19). It should be noted that three out of
the four participants who indicated their personal interest in air quality, had
previous scientific training and were scientists by profession. However, this was
not always the case since other participants with a similar professional background
did not express such an interest.
Participants generally had a positive experience from Sensing the Air, but indicated
its inability to provide more sophisticated equipment and research flexibility, as
indicated by one of the participant’s feedback: “I would like to measure [additional
pollutants] as well for a more complete picture of my air quality. But in general, really
enjoyed being empowered by the knowledge I obtained [. . . ] it has inspired me to do further
research” (case study #23).
Opportunistic. A number of participants (N=4) stumbled across the project in a
specific time of need, as they had been exposed to an air quality hazard and were
looking for answers about their air pollution exposure. A few of these participants
approached Sensing the Air after a large residential fire in Haifa (in Nov. 2017)
which destroyed many houses and damaged others. The participants, whose
houses were damaged, sought reassurance about the concentration of pollutants in
their homes after the fire. Their interest in the project, and hence their
investigations were highly circumscribed to answering these specific questions.
Similarly, a participant who joined the Lag B’Omer (a Jewish holiday associated
with the custom of lighting bonfires) monitoring project was focused on
monitoring air quality at the bonfire area as a one-time activity.
Such participation was opportunistic by nature, participants did not become more
active in the project and did not participate in additional project activities. Their
contribution was very practical and focused. Yet, they were excited about the
opportunities the project provided and viewed it as important and empowering.
For example, one of the participants wrote after monitoring air quality in her home:
“I think this platform is incredibly important, and I am so glad to have learned about it”
(case study #15). Nevertheless, she did not continue to engage with the project or
platform on other issues.

Discussion

This paper aimed to identify the diverse ways in which participants interact and
engage with Sensing the Air project and characterize the reasons driving their
engagement. This was done by examining two distinct, yet equally important
participant groups, which engaged either as platform or as sensor participants.
While both groups of participants actively engaged with air quality science, our
findings illustrate the unique characteristics of different participants, highlighting
the diverse motivations and activities conducted within the project.
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Platform participants were found to mostly engage by viewing and interacting
with the various air quality data provided in the platform and reading information
about the platform. They interacted to a lesser degree with reading general air
quality information and explanations, and reporting hazards. Participants views on
the importance of the platform echo these interactions as they indicate it provides
important real-time information and raises their awareness. While this finding
provides important insight on the overall use of the platform, it fails to realize the
diversity of participants, categorizing all platform participants in one group, (as
often done in the literature discussing stakeholders of citizen science). To mitigate
this challenge and account for the diversity of activities conducted by participants
within the project and the drivers supporting their participation, sensor
participants were investigated on an individual level. Through an in-depth
investigation into sensor participants experiences, five themes were identified
which are indicative of participants motivations and engagement styles within
Sensing the air: worried residents, education and outreach, environmental action,
personal interest and opportunistic engagement.
The work presented here clearly points to the diverse nature of participants, their
varying level of engagement and the different motivations driving participation, all
within one project. It demonstrates how personal goals and motivations can play
an important role in directing engagement styles within citizen science. While
participants had a complex set of motivations for engaging in Sensing the Air, some
participants had an overarching motivation which can be linked to the activities
they engaged with in the project, their satisfaction and achievements. An example
for this is participation motivated by participant’s environmental activities, which
as our finding suggest, were often discouraged when participation required more
time than expected, did not meet their activist’s goals, or affected their other
volunteer activities. A perhaps more positive example is that of participants
motivated by education and outreach, and in particular teachers, who engaged on
the basis of involving their schools and students in the project. Through Sensing
the Air, teachers involved their students in authentic research, conducted
measurements of air quality, compared and analyzed results and formulated
conclusions. The teachers were very happy with their experiences which satisfied
their initial goals and volunteered to help recruit additional teachers and schools
for the project.
Many studies have investigated motivations for participating in citizen science
initiatives [e.g. Land-Zandstra et al., 2016; Nov, Arazy and Anderson, 2011;
Raddick et al., 2013]. These have suggested that participation is driven by both
intrinsic (activity performed out of interest, enjoyment and/or satisfaction) and
extrinsic (activity performed out of social pressure, avoiding guilt, and/or
environmental concerns) motivations, depending on the participant and the
project. According to Ryan and Deci [2000], the founding fathers of
self-determination theory (SDT), there is a continuum between extrinsic and
intrinsic motivation, where decisions are made autonomously but in order to
achieve an external goal. This continuum is well reflected in this study which
identified externally motivated participants for environmental action reasons
alongside worried residents, who were externally motivated for intrinsic reasons,
and intrinsically motivated participants with personal interests of air quality. This
study also outlines the various motivations of platform participants, from
increasing data transparency and accessibility, through health and environmental
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protection and informed decision making, all motivated by key values which are
captured within the extrinsic-intrinsic continuum.
Motivations for participating in citizen science can also vary across projects and
topics. Sensing the Air has a strong environmental emphasis and addresses a
controversial pollution related topic. With a topic so relevant to people’s lives, the
main motivation for participating, across all engagement styles, was addressing
personal needs rather than an altruistic motivation such as the advancement of
science. Similarly, Phillips et al. [2019] found that in two environmental
hazard — related citizen science projects (monitoring air and water quality),
participants were greatly influenced by worry and concern. This contrasts with
projects monitoring natural phenomena in which motivations were found to be
mainly connected to interest, contribution, and enjoyment [Phillips et al., 2019].
Since different citizen science projects attract participants with diverse motivations,
they may display different engagement styles than the ones identified and
presented in this study. For example, an ecological monitoring project may attract
participants with other engagement styles, such as “nature lovers” or “family
oriented” participants. Similarly, some of the styles found here, such as worried
residents, may not be found in projects with different fields and scopes.
Inclusiveness in citizen science. While inclusiveness was a goal of this project, it
is not clear that this was satisfactorily met, with a large percentage of highly
educated participants involved as both platform and sensor participants.
Furthermore, a close look at the project population overtime reveals that as the
project developed offering more complex tasks, the diversity of participants has
declined. This is an inherent concern in many citizen science projects which tends
to appeal to a narrow type of audience, namely, those already attentive to and
supportive of science [Martin, 2017].
In our previous research [Golumbic, Fishbain and Baram-Tsabari, 2019] we
reported on the importance of a flexible, interactive platform for data presentation
which provides various opportunities and levels of information to support diverse
participation patterns. As argued, we believe this is key for creating an inclusive
and inviting environment for all citizens to take part in. While clearly, there is room
for improvement, our sample does reveal diversity in participants’ ages and gender
indicating the project appeals to a wider audience than previously reported in the
citizen science literature [Soleri et al., 2016].
As such, we conclude that the lack of full diversity may be mitigated by flexible
project design and implementation of a diversity of tasks and activities that
support multiple participants’ goals, abilities and interests. In order to attract a
greater range of participants in citizen science, a clearer understanding of different
target audiences and how best to recruit and retain their participation is crucial.
Creating a flexible and personalized environment for participants with different
goals could introduce personal value for participants and expand citizen science to
new audiences that are not necessarily intrinsically motivated to engage with
science. Implementing such a practice in citizen science could promote the social
impact of citizen science and further increase public engagement with science.
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Towards an interrelated citizen science — science communication practice.
Citizen science projects encompass many science communication practices which
include engaging non-scientists in science, explaining scientific terms and
disseminating scientific findings [Constant and Roberts, 2017; Golumbic,
Baram-Tsabari and Koichu, 2019]. This notion is exemplified in this study which
combines citizen science practices (air quality monitoring) with science
communication practices (facilitating the dissemination of air quality information).
While each field has its individual history, theories and models, many similarities
exit which provide opportunities to integrate practices and advance research in
both fields.
Sensing the Air utilizes a unique combination of science communication models,
consolidating them to create a hybrid “citizen science: science communication”
practice. A good example for this combined practice is illustrated in the data
presentation platform, seemingly a one-way transfer of scientific information,
which may align with the deficit model. However, this platform was designed with
a user-centered approach that created dialogue and guaranteed the presentation of
relevant information — a key feature of the dialogue model. This platform, as
indicated by project participants, had great importance in terms of data
accessibility, transparency and raising public awareness. While viewing web data
may not be considered a citizen science related activity by some, we argue it is an
important aspect of citizen science which demonstrates the value of citizen
generated data not only for scientists, but for many members of the community.
Brossard and Lewenstein [2009] discuss a combination of science communication
models, with the deficit model serving as a backbone for applying additional
models (contextual, lay expertise and dialogue models). They provide examples of
science communication projects in which understanding of scientific concepts was
considered a prerequisite to any type of discussion. Similarly, Mejlgaard and Stares
[2010] suggest that scientific knowledge development is an essential first step for
democratic participation in scientific processes and decision-making.
Here, a new approach is considered where various science communication models,
facilitated by citizen science practice, are used jointly to build a platform which
meets the needs of the community, is based on their requirements and has a vision
of transparency and inclusion. Such a practice and combination of models brings
the best from each theoretical tradition, advancing the theory and practice of the
field [Haywood and Besley, 2014] and demonstrating the interconnectivity of
science communication and citizen science.
Engaging the public with science can take many forms, from attending a scientific
talk, through reading popular science articles and being active on scientific
social media platforms. Many of these practices are well integrated in citizen
science, which provides a spectrum of engagement opportunities with science. Yet,
citizen science extends these activities to engage the public in more participatory,
innovative and exciting ways. It offers flexible and dynamic engagement
opportunities, tailored towards diverse audiences, levels of engagement
and personal goals, all potentially within one project. Such a practice offers
the opportunity to revisit science communication models, while considering an
adoptive approach for their implementation. Recognizing and establishing the relationship between science communication and citizen science models and practices
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is an important milestone for the advancement of science communication alongside
citizen science, and could bring to fruitful exploration, integration and growth.
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