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Abstract 

Background: While the health risks of air pollution attract considerable attention, both scholarly and within the gen-
eral population, citizens are rarely involved in environmental health research, beyond participating as data subjects. 
Co-created citizen science is an approach that fosters collaboration between scientists and lay people to engage the 
latter in all phases of research. Currently, this approach is rare in environmental epidemiology and when co-creation 
processes do take place, they are often not documented. This paper describes the first stages of an ongoing co-cre-
ated citizen science epidemiological project in Barcelona (Spain), that included identifying topics that citizens wish to 
investigate as regards air pollution and health, formulating their concerns into research questions and co-designing 
the study protocol. This paper also reflects key trade-offs between scientific rigor and public engagement and pro-
vides suggestions to consider when applying citizen science to environmental health studies.

Methods: Experts created an online survey and analyzed responses with descriptive statistics and qualitative cod-
ing. A pop-up intervention was held to discuss with citizens their concerns about air pollution and health. Later on, 
a community meeting was organized to narrow down the research topics and list potential research questions. In an 
online survey, citizens were asked to vote for the research question they would like to investigate with the experts. 
A workshop was held to choose a study design in which citizens would like to partake to answer their preferred 
research question.

Results: According to 488 respondents from the first survey, cognitive and mental health were the main priorities of 
investigation. Based on the second survey, with 27% of the votes from 556 citizens, the most popular research ques-
tion was, “How does air pollution together with noise and green/blue spaces affect mental health?”. The study design 
selected was an observational study in which citizens provide daily repeated measures of different cognitive and 
mental health outcomes and relate them to the air pollution concentrations.

Conclusions: Based on the co-creation activities and the results obtained, we conclude that applying citizen science 
in an environmental health project is valuable for researchers despite some challenges such as engaging citizens and 
maximizing representativity.
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Introduction
Poor air quality constitutes a serious health burden 
worldwide [1]. In the last years, there has been an exten-
sive body of research documenting established and new 
health effects associated with air pollution [2]. The pub-
lication of new scientific evidence about the health risks 
of air pollution is contributing to raising public concerns. 
For environmental health experts, the lay people percep-
tion of air pollution as an important public health issue 
and the civic mobilization are two key factors that are 
able to move from research to action and influence pol-
icy changes [3, 4]. Hence, more researchers have started 
to incorporate participatory practices in order to bet-
ter align the design of their studies on air pollution and 
health with public concerns, with the hopes that research 
results can then lead to actions relevant to the local com-
munity needs [5, 6].

Participatory practices can take many forms, from the 
less participatory practices (in which the lay public solely 
collects data) to the most participatory (in which the lay 
public gives their input throughout the entire research 
process). In the field of environmental epidemiology, 
research approaches engaging the lay public and affected 
communities are carried out under several banners such 
as community-based participatory research, community-
driven research, participatory action research, popular 
epidemiology, and more recently, citizen science [5, 6]. 
The latter broadly refers to the engagement of the general 
public (non-professional scientists) in scientific research 
tasks [7]. In particular, citizen science initiatives adopting 
co-creation methods (i.e. co-created citizen science) aim 
to give citizens an opportunity to take part in the deci-
sion-making process of all aspects of a research project, 
such as defining the study questions, developing the data 
collection tools and analyzing the data [7, 8]. A key con-
tribution to the application of co-created citizen science 
in research is the Bristol Approach [9, 10]. The Bristol 
Approach proposes a model of co-creation that builds on 
the principles of participatory action research, people-
centered innovation and the common goods. In a recent 
narrative review, we adapted this model from a general 
perspective and developed a four-phase framework with 
features that occur in different participatory practices in 
environmental health research: (1) identification (civic 
concerns are identified and translated into a research 
question), (2) design (data collection tools, data govern-
ance and other aspects of the study protocol are defined), 
(3) the deployment (data are collected and analyzed) and 

(4) action (results are transformed into practical citizen-
produced knowledge to inform public policies) [11]. 
This framework closely resembles to other participa-
tory research frameworks and guidelines that have been 
already defined by environmental health researchers 
[5, 12, 13]. In comparison to the other frameworks, this 
four-phase framework stresses the importance of involv-
ing the citizens in each phase of the research process, 
that is the citizens having an active role in the scientific 
governance, and calls for an equal involvement between 
experts and citizens when it comes to decision-making 
[11].

Over the last few years, although there have been 
several initiatives claiming to apply a citizen science 
approach to measure air quality parameters [14, 15], par-
ticipatory research projects on air quality are not new 
and exist since more than two decades [16–18]. While 
such initiatives are driven by health-related concerns, 
those research projects for the study of air pollution using 
citizen science or other participatory approaches do not 
often focus specifically on assessing the link between air 
pollution and health [7, 11]. The research study of Wing 
et  al. [6] is a good example of an environmental epide-
miology study in which citizens were involved in almost 
all the research process and collaborated with research-
ers to investigate the relationship between exposure to air 
pollution from industrial swine production and several 
health endpoints, including lung function, blood pres-
sure, mood and stress level. Community residents were 
actively involved in identifying research questions, col-
lecting data, recruiting study participants, interpreting 
and disseminating the results.

Along the lines of participatory research like the work 
of Wing et al. [6], here, we present the initial phases of 
the Barcelona CitieS-Health project, an ongoing envi-
ronmental epidemiology project in which citizens co-
design with scientists a study to assess the link between 
air pollution exposure and health. Following the co-
created citizen science framework previously men-
tioned, the project aims to involve citizens in all phases 
of the research, including deciding the research ques-
tion, designing the study, collecting and analyzing data, 
interpreting and disseminating the results and ulti-
mately, suggesting policy-related actions. As examples 
of co-created projects are limited, more so in the field 
of environmental epidemiology, it is important to docu-
ment all the steps taken as this information can contrib-
ute to the design of future projects with higher level of 
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participation in the field. In this paper, we describe the 
co-creation activities from the first and second phases 
of the framework, that is the activities that were con-
ducted to collaboratively define the research question 
and co-design an environmental epidemiological study 
protocol. Also, we present the main results of each 
activity and reflect on the added value of civic inputs 
and the challenges when co-creating an environmen-
tal epidemiological study with citizens. Moreover, we 
provide practical suggestions for environmental health 
researchers looking to apply co-created citizen science 
methods to their studies. It is important to note that in 
this paper, the term “citizen” is used to distinguish the 
lay public from professional scientific researchers and 
does not indicate the citizenship status of the people 
participating in the research project.

Methods
Setting
The study presented here is part of CitieS-Health, a 
project funded by the European Commission under 
the H2020 program, which aims to implement partici-
patory research methods through the entire scientific 
process around the topic of urban environmental pol-
lution and health. The project includes five pilot studies 
in five European cities. Here, we present the pilot study 
conducted in the city of Barcelona (Spain), which cov-
ers the topic of air pollution and health.

Barcelona has pollutant levels above the WHO rec-
ommendations [19] and the consequences of air pol-
lution exposure on health are one of local citizens’ 
preoccupations [20, 21]. As a result, different citi-
zen platforms advocating for cleaner air and projects 
engaging citizens in collecting air pollution exposure 
have been developed in the city [22–25].

Co‑designing the research question
The process of co-designing the research question 
was conducted from August 2019 to January 2020 and 
included (1) an online survey on knowledge, perceptions 
and preferences on topics to be investigated around the 
theme of air pollution and health, (2) a pop-up interven-
tion to approach citizens and discuss their interests and 
concerns, (3) a community meeting with citizens in order 
to start formulating potential research questions based 
on the results of the survey, and (4) a second online sur-
vey to identify the most preferred research question to be 
implemented in the epidemiological study. In Table 1, a 
list of all activities along with their aims and tools used is 
provided in a chronological order.

The first survey was launched alongside a strategic 
video campaign entitled “Everything you wanted to know 
about the air but were too afraid to ask”. The invitation 
proposed the respondents to partake in the design of a 
scientific study, the first phase of which consisted on col-
lecting citizen concerns and topics of interest regarding 
research on air pollution and health. To attract a signifi-
cant number of respondents, a link to the survey was 
posted through diverse social media platforms (Twitter, 
Facebook and LinkedIn). Additionally, to ensure wide-
spread dissemination, the link to the survey was sent to 
key stakeholders including citizen groups concerned 
about environmental issues, city council representatives, 
journalists, local governments, and the public transport 
authority.

The survey was not targeting a specific group of citizens 
and the questions of the survey were chosen by experts 
in environmental epidemiology and in civic engagement 
from the research group. The civic engagement experts 
were responsible for designing, coordinating and ani-
mating activities with the citizens, and had an advanced 
knowledge in gauging civic concerns, communicating 

Table 1 Co-creation activities conducted in the Barcelona pilot along with their aim and tools used

a The templates of the tools can be found in Supplementary Materials. Also, more details on the tools used can be found in the reports available on the website of the 
CitieS-Health project (https:// citie sheal th. eu/) and also in the CitieS-Health toolkit (https:// citiz ensci encet oolkit. eu/), which includes ideas and concrete examples on 
how to engage citizens in citizen science projects in environmental health studies

Phase Aim Type of activity Tool a

Co‑design‑
ing the 
research 
question

To identify topics citizens are concerned about and would like to investigate in the 
context of air pollution and health.

Online survey –

To raise awareness about the project across all Barcelona districts and collect further 
qualitative insights on topics citizens are concerned about and would like to investi-
gate in the context of air pollution and health.

Pop-up intervention In-depth discussion canvas

To formulate the concerns into potential research questions. Community meeting Identification Issues canvas

To select the research question to investigate. Online survey –

Co‑
designing 
the study 
protocol

To gauge citizens’ preferences in certain aspects of the study design and to be 
included in the study protocol.

Workshop Experiment Design canvas

https://citieshealth.eu/
https://citizensciencetoolkit.eu/
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scientific concepts to lay public and stimulating the moti-
vation of citizens to engage in the project. The survey 
questionnaire was designed for the purpose of collecting 
(1) citizens’ perception of air quality, (2) concerns over 
air pollution health impacts and (3) topics of interest to 
which they would like to conduct scientific research. The 
complete survey consisted of a total of nine questions 
and included 5-point Likert scale and free text questions 
(Supplementary Table 1). Experts designed a short ques-
tionnaire in order to maximize participation, but at the 
same time to collect enough information to identify key 
topics of concern and interest. A pilot version of the sur-
vey was shared among selected contacts and reviewed to 
make final adjustments before its final implementation.

An offline pop-up intervention across all the districts 
of Barcelona was also organized during the Parking 
Day, an annual initiative in which various organizations 
and communities temporarily transform public parking 
spaces by giving them a different use, one that promotes 
a sustainable urban environment [26]. In collaboration 
with another national citizen science project called Los 
Vigilantes del Aire [27], strawberry plants were distrib-
uted for citizens to measure air pollution at home. Since 
particulate matters are iron-rich particles and tend to 
accumulate on the plant leaves, a proxy for estimating the 
concentration of ambient particulate matter is by meas-
uring the concentration of ferromagnetic particles on the 
leaves [28]. Plus, this assessment method has been dem-
onstrated to be promising for participatory environmen-
tal epidemiology research [29]. This pop-up intervention 
first aimed to raise awareness about the project across 
all Barcelona districts, which contributed to overcome 
the limitations of the distribution of the online survey. It 
helped to gather information about citizens’ concerns on 
air pollution and health from different socio-economic 
areas of the city, and at the same time, invite them to par-
ticipate in the online survey. More specifically, we had 
a stand in ten districts of Barcelona and for each stand 
we used a canvas that we developed for allowing for in-
depth discussions. This canvas consisted of a poster with 
a title “What worries my neighborhood regarding pollu-
tion and health?” listing different body parts and health 
topics. Citizens had to identify the one they would like to 
know how air pollution affects it using stickers and were 
asked to explain why. The aim of using this canvas was 
twofold. It acted as a thematic and social icebreaker. On 
the one hand, it allowed people to start thinking about 
the relationship between human health and air pollution, 
identifying how poor air quality in their neighborhoods 
was affecting their own body in different ways (causing 
them to cough, have itchy eyes, be more tired, etc.). On 
the other hand, because it was a poster, it allowed people 
to socialize their concerns and find out how others in the 

same or different neighborhoods felt about air pollution 
and health. The template of the canvas can be found in 
Supplementary Material.

Once the results of the survey were analyzed and topics 
were identified, we organized a community meeting with 
public authorities, health bodies, experts and citizens to 
start co-defining a set of possible questions to investigate 
building on the findings of the survey and the pop-up 
intervention. During this event, participants first learned 
about the survey results and then were divided into work-
ing groups for further discussions on potential research 
questions. A tool developed and used during this activity 
was the Identification Issues canvas (the template of the 
canvas can be found in Supplementary Material). Each 
working group was assigned to a thematic table repre-
senting one of the most mentioned health topics in the 
survey. The number of thematic tables depended on the 
expected number of participants that registered to the 
event and the results from the first survey and the pop-
up intervention. Using the canvas, participants were 
asked to define a question based on that topic as well as 
to identify barriers, and opportunities to investigate such 
question. Moreover, each participant at the table received 
an “actor card” which is a card representing a population 
group, such as asthmatics, athletes, elderly people, and 
children to enrich the perspective of those affected by the 
health problem at stake. During the community meet-
ing with citizens, the degree of novelty of the different 
research topics was raised by scientists so that citizens 
had another piece of information to consider. Moreover, 
during this meeting, scientists discussed about high-risk 
hypotheses, i.e., very novel hypotheses that could have a 
high impact if confirmed but also have a high risk of not 
being confirmed, which can then reduce the applicability 
of the results for implementing new policies to reduce air 
pollution.

Afterwards, scientists and civic engagement special-
ists collected all the inputs from the community meeting 
and assessed the viability and feasibility of the different 
research questions proposed. Since the general goal of 
the CitieS-Health project was to explore how pollution 
in the living environment of a group of citizens is affect-
ing their health, questions had to be formulated in a way 
that the study could assess the relationship of air pollu-
tion exposure with a health outcome. The resulting list of 
questions was shared via a second online survey in which 
citizens had to vote for their preferred question. The 
question most voted was selected as the final research 
question to investigate with scientists.

Co‑designing the study protocol
The process of co-designing the study protocol was 
conducted from February to April 2020. Based on the 
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research question most voted by the citizens in the sec-
ond online survey, a workshop was organized to deter-
mine with citizens different elements of the study design 
and data collection protocol of the research project. A 
tool that was developed for this event was the Experi-
ment Design canvas (the template of the canvas can be 
found in Supplementary Material). This tool allowed 
epidemiological researchers to present and discuss with 
citizens different types of epidemiological studies and 
gauge their preferences about different aspects of study 
design. Specifically, the canvas is composed of differ-
ent posters, each representing a type of epidemiological 
studies. Experts presented to citizens three types of epi-
demiological study (observational/panel, experimental 
and cross-sectional) while explaining their strengths and 
limitations. The description of each study was explained 
using simple terms and without belaboring all the aspects 
to consider when designing a research study. The panel 
study was described as a study that was requiring par-
ticipants to collect data (e.g. answering a self-report 
questionnaire) one or more times per day for one week 
or more. It was explained that each participant was serv-
ing as his or her own control and the aim was to compare 
the health outcomes between the days more polluted 
and the days less polluted. It was highlighted that this 
type of study was effective for studying short-term health 
effects of air pollutants but could be time-consuming if 
a daily questionnaire had to be completed. The experi-
mental study was described as a study in which partici-
pants had to alter their daily routine to follow specific 
instructions, for example a study in which participants 
are invited to walk for two hours and the same distance 
in a street known to be more polluted (e.g. busiest shop-
ping street) and, in another day, in a park or area in Bar-
celona known to be less polluted (thus modifying their 
routines). On the one hand, it was explained that this 
experimental design was requiring a bit more involve-
ment from the participants and in the given example, the 
experimental conditions (busy street vs. park) could not 
be blind, and consequently, impossible to avoid a placebo 
effect, an important bias in research. On the other hand, 
it was suggested that this study could produce results 
less prone to alternative explanations and could gener-
ate a higher exposure contrasts and thus, make it more 
likely to detect effects. For the cross-sectional analysis, 
experts proposed to the citizens to use a postal or online 
questionnaire that could be sent to Barcelona residents to 
ask about health conditions (e.g., if they have certain dis-
ease/symptoms or not) and to assess exposure to air pol-
lution using the home address of participants. This was 
presented as a quick, cheap and easy to conduct study in 
which multiple outcomes could be measured. Plus, it was 
presented as a study design that was able to detect some 

associations, but for which, in comparison to the other 
designs, is usually more difficult to see if the associations 
are causal, or to identify which is the cause and the effect 
between the exposure and the outcome. The three post-
ers for each type of study were displayed on a wall and 
citizens were first invited to choose individually the type 
of study they were interested in to partake based on the 
time and effort they were willing to dedicate. Each poster 
had three different rows, corresponding to different 
aspects to be discussed step-by-step with participants. 
In the first row, participants were invited to select the 
aspect of the health topic they were most interested in. In 
the second row, participants had to reflect on the kind of 
data they were willing to collect and in the third row, they 
had to choose or propose tools for collecting the data. To 
vote, citizens used stickers. While the participants were 
voting, experts initiated more individual conversations 
with the participants to further discuss their preferences 
in other elements of the study design, including the par-
ticipation duration, indicators of the most popular health 
topics and the tools to collect health and environmental 
exposure data. Citizens were invited to write their prefer-
ences on the posters. The final study protocol was written 
by the scientists taking into account all citizens’ inputs, 
made available online and shared with a selected group of 
citizens for feedback.

Data analysis
For both the first and second online survey, network ID 
and email addresses were verified to control for dupli-
cation. Respondents’ postal codes were matched to the 
corresponding district. Only Barcelona residents were 
included in the analysis. Number of respondents and 
frequencies were reported to describe the results. All 
analyses were conducted with the STATA 16.0 statisti-
cal software package (College Station, TX). The dataset 
containing anonymized results from questions 1 to 6 of 
the first survey is available for download and free use 
through the file repository Zenodo [30].

In the first survey, perception rates were averaged at the 
district level and plotted on a map, which was compared 
to a map of  NO2 levels. Answers from the two open-
ended questions were analyzed using a content analysis 
approach [31]. Specifically, word frequency analysis was 
used to explore responses from question 7, that is sum-
ming the number of times particular words appear in 
the respondents’ answers [32]. Key words identified were 
those regarding specific health issues or human body 
parts and functions as well as verbs qualifying an effect. 
Words of the same derivation or meaning (e.g. cardiac/
cardiovascular; odor/olfaction, fertility/infertility) were 
linked. However, related words (e.g. lungs/respiratory) 
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were not linked in order to avoid overgeneralization of 
the vocabulary chosen by the respondents.

To analyze open-ended responses from question 8, we 
used an open coding process to capture the most recur-
rent ideas from the respondents. Answers were labeled 
by a code summarized by one or two words represent-
ing the main aspect. Multiple codes were applied when 
respondents’ answers addressed more than one different 
topic [33]. Codes were then grouped together into cat-
egories. Only one category (“Health effects”) was deduc-
tively defined and the rest of the categories were created 
inductively. Results were summarized by reporting cat-
egory frequencies.

Results
For the first survey, a total of 488 out of the 582 respond-
ents were living in the ten districts of Barcelona City. For 
three respondents from Barcelona it was not possible 
to know in which district they were living in. Respond-
ents with missing data were not excluded. The majority 
of the respondents were living in Eixample (31.5%), Grà-
cia (14.6%) and Sant Martí (14.2%) districts (Table  2). 
Respondents were mainly young and middle-aged adults, 
where approximately 64% were aged between 28 and 47.

Almost 65% of the respondents perceived the air 
as considerably polluted (37.50%) or highly polluted 
(27.46%) (Question 3). This proportion went up to 95% 
when including those who perceived the air as moder-
ately polluted (29.30%). Citizens’ perception of air qual-
ity per district followed a similar pattern than the actual 
 NO2 concentration levels in Barcelona (Fig. S1).

Table  3 presents the summary statistics for questions 
4, 5 and 6. The situations where respondents felt that 
air pollution affected them the most were when they 
walk in the street (75.8%), and when they go by bicycle 
(43.7%) (Question 4). Well over 69% of the respondents 
were interested to know more about how air pollution 
can affect the respiratory system (Table  3, question 6). 
Other health topics of interest selected were concentra-
tion and development (40%), heart and arteries (37%) and 
stress (33%). The answers given in the option ‘Other’ are 
described in Supplementary Table 2.

From the answers of a total of 466 respondents 
describing the effects air pollution on their health 
(Question 7), a total of 192 key words were counted, 
in which 32 high frequency words (i.e. repeated 10 
times or more) were retrieved and listed in Supple-
mentary Table  3. The most frequent health-related 
word reported referred to the respiratory system (312 
times). Other words often repeated were related to car-
diovascular health (80 times) and to stress (75 times). 
Additionally, if the topic of development was combined 

with the one of cognition into one single keyword, it 
represented a significant health concern of citizens (84 
times).

Based on 452 answers about what citizens would like 
to investigate on air pollution and health (Question 8), 
a total of 92 codes were created and regrouped into five 
categories. Codes and categories are summarized by 
frequency count in Table  4. The first category, ‘Health-
related outcomes’ addresses the array of health elements 
reported by the respondents. A recurrent code was 
the one of ‘Overall health’, which corresponds to when 
respondents tended to express health as a whole or were 
interested in all health topics. Also, respondents often 
used the term “mental health” by echoing other concepts 
such as mood, anxiety and development: “How much it 
affects our moods or mental states” / “The impact on men-
tal health and cognitive skills and concentration”. One 
respondent mentioned the concept of mental health but 
referring to cognitive decline and dementia: “The men-
tal health loss around the age of 60”, whereas another 
expressed mental health more as an emotional state: 
“How pollution affects people’s mental state (safety, self-
esteem, anxiety)”.

Table 2 Socio-demographic characteristics of the respondents 
from first and second online surveys

a A total of 210 (43%) respondents did not answer the question

Characteristics Survey I (n = 488)a Survey II 
(n = 560)

n % n %

Age groups
 Less than 18 1 0.36 11 1.98

 18-27 24 8.63 82 14.75

 28-37 83 29.86 163 29.32

 38-47 96 34.53 157 28.24

 48-64 60 21.58 126 22.66

 More than 64 14 5.05 17 3.06

 Total 278 100 556 100

District
 Eixample 153 31.35 148 26.62

 Gràcia 71 14.55 95 17.09

 Sant Martí 69 14.14 68 12.23

 Sants-Montjuïc 52 10.66 59 10.61

 Ciutat Vella 36 7.38 39 7.01

 Horta-Guinardo 35 7.17 39 7.01

 Sarrià Sant-Gervasi 28 5.74 51 9.17

 Sant Andreu 17 3.48 23 4.14

 Nou Barris 15 3.07 22 3.96

 Les Corts 9 1.84 10 1.80

 District N/A 3 0.61 2 0.36

 Total 488 100 556 100
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The second category, ‘Exposure assessment’, 
accounted for when respondents discussed about 
evaluating measures to reduce air pollution, identify-
ing specific air pollutants (e.g.  NO2,  CO2,  O3) or spe-
cific air pollution sources (e.g. cars, motorbikes, boats) 
and were considering other factors that could influence 
health such as noise. A shared opinion amongst 19% of 

the citizens (85 ‘Mitigation measures’ codes out of 452 
responses) was that research should prioritize studying 
effective mitigation measures that could reduce air pol-
lution and thus, minimize adverse health effects.

The third category, ‘Target population groups’ high-
lights specific groups of people whom citizens would 
like to focus the research on. Children appeared in 

Table 3 Descriptive summary of the perceived situations where pollution affects the most (Q4), perceived vulnerable population 
groups to air pollution (Q5) and health topic of interest for more investigation (Q6) (N respondents = 488)

a Q4, Q5 and Q6 have no missing cases
b The “% of responses” column reports percentages with respect to the overall sum of responses. For example, 32.51% of all responses of Q4 are “When walking in the 
street”
c The “% of cases” column reflects the average number of responses per respondent (multiplied by 100). For example, 69% of the respondents selected “Respiratory 
system”

Questionsa Answers n % of  responsesb % of  casesc

Q4: In which situations do you perceive that air pollution affects 
you the most?

While walking in the street 370 32.51 75.82

While going by bicycle 213 18.72 43.65

While walking with children 150 13.18 30.74

While doing outdoor sports 144 12.65 29.51

While traveling by metro 106 9.31 21.72

When I am at home 79 6.94 16.19

When I drive 48 4.22 9.84

When I am at work 15 1.32 3.07

Other 13 1.14 2.66

Total 1138 100 233.20

Q5: Are you worried about how air pollution affects any of these 
groups?

Children 388 28.87 79.51

Elderly people 225 16.74 46.11

People with asthma or respiratory problems 220 16.37 45.08

Pregnant women 186 13.84 38.11

Pedestrians 131 9.75 26.84

People with allergies 91 6.77 18.65

Deliverymen using motorbike 41 3.05 8.40

Sportsmen/women 29 2.16 5.94

Other 19 1.41 3.89

Students 14 1.04 2.87

Total 1344 100 275.41

Q6: You would like to know how air pollution affects … Respiratory system 337 24.16 69.06

Concentration and development 191 13.69 39.14

Heart and arteries 173 12.40 35.45

Stress 167 11.97 34.22

Mental health 123 8.82 25.20

Ageing 121 8.67 24.80

Fertility / Reproductive system 75 5.38 15.37

Allergies 70 5.02 14.34

Digestive system 52 3.73 10.66

Hair / Skin 42 3.01 8.61

Sport performance 33 2.37 6.76

Other 11 0.79 2.25

Total 1395 100 285.86
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more than 46 responses of the respondents and these 
groups were often related to developmental health and 
school environment.

The fourth category entitled ‘Study design’, refers to 
respondents’ discussing methodological aspects of an 
epidemiological study. The two main aspects were about 
adopting a comparative approach (e.g. urban vs rural, 
healthy vs unhealthy people) and observing effects over 
a long period of time. Another element touched upon 
a scientific concept called the control of confounding, 
which in the responses of the citizens can be translated 
by this desire to find “direct”, “clear” and “unmediated” 
relation between the air pollution exposure and the 
health outcome.

Finally, the fifth category, ‘Advocacy’, underscores a 
shared desire amongst citizens to use the results of the 
investigation to beget political change, raise awareness 
and support bottom-up initiatives. As one respondent 
stated: “Whatever is necessary for changes to occur.” Also, 
one respondent suggested investigating a new topic that 
substantiates the urgency to take actions: “Something new 
and that forces urgent action on politics.”

Regarding the pop-up intervention, around 1200 
citizens were reached out. The concerns and interests 
expressed by them were similar to the main results found 
in the first online survey (data not shown). Moreover, a 
total of 40 citizens attended the community meeting. 
Based on the results of the first survey and the pop-up 
intervention, four thematic tables were prepared: two 
on air pollution and mental health and two on air pollu-
tion and respiratory system. In particular for the topic of 
mental health, since citizens were reporting terms such 
as concentration, stress, anxiety, cognition sometimes 
like synonyms in the first survey, it was more practi-
cal for scientists to present all these domains under the 
umbrella of mental health. For both tables on air pollu-
tion and mental health, citizens proposed a similar ques-
tion that aimed to investigate how stress, happiness and 
other aspects of mental well-being could be affected by 
not only air pollution but other environmental exposure 
such as noise and greenspaces. An opportunity they saw 
in investigating such question was that its results could 
serve for the Barcelona City Council, which currently has 
a clear political priority to improve psychological well-
being and understand the determinants of mental health 
in the city. The main barriers of this research question 
identified by the citizens were more on a methodological 
level, for example, the risk of subjectivity if mental health 
was self-reported and the risk of excluding some com-
munities lacking technological skills or access to technol-
ogy (e.g. elderly people or people with basic cellphones) 
if mental health had to be measured using mobile appli-
cation. In the two tables on air pollution and respiratory 

Table 4 Codes and categories deriving from responses to 
question 8 of the first online survey

a Total number of codes
b Total number of times code is repeated. Question what about what citizens 
would like to investigate about air pollution and health. The coding was based 
on a total of 452 responses

Codes (n)b

Health‑related outcomes (44)

 Overall health (39) Degenerative diseases (2)

 Respiratory system (30) Emotions (2)

 Cancer (16) Food/Nutrition (2)

 Life expectancy (12) Happiness (2)

 Mental health (12) Tumor (2)

 Stress (11) Anxiety (1)

 Development (9) Blood (1)

 Allergies (8) Bones (1)

 Brain (7) Chronic disease (1)

 Fertility/Reproductive (7) Digestive system (1)

 Mortality (7) Endocrine system (1)

 Quality of life (7) Genetic (1)

 Skin (7) Hair (1)

 Ageing (6) Headache (1)

 Cardiac system (6) Hormonal system (1)

 Mood (4) Inflammation (1)

 Neuro (4) Irritability (1)

 Concentration (3) Metabolism (1)

 Immune system (3) School performance (1)

 New health topics (3) Tiredness (1)

 Asthma (2) Urine (1)

 Cognition (2) Well being (1)

Exposure assessment (8)

 Mitigation measures (85) Schools (5)

 Sources (34) Atmospheric conditions (1)

 Pollutants (15) House (1)

 Urban features (6) Noise (6)

Target population groups (13)

 Children (46) Asthmatic and allergic people (1)

 All groups (11) Pedestrians (1)

 Pregnant women (9) People with respiratory problems (1)

 Elderly people (5) Sportsmen (1)

 Animals (2) Students (1)

 Cyclists (2) Women (1)

 Healthy people (2)

Study design (14)

 Comparison (32) Impact evaluation (2)

 Long term (14) Individual level (2)

 Direct (unmediated) (9) City level (1)

 Cohort studies (4) Independent (1)

 Short term (3) Local level (1)

 Time (day) of exposure (4) Interdisciplinarity (1)

 Expert opinion (2) National scale (1)

Advocacy (3)

 Political changes (9) Bottom-up initiatives (1)

 Visibility (5)
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health, citizens were interested in investigating if there 
was a relationship between exposure to air pollution and 
respiratory health based on the time spent on the street 
and if this was also affected by the presence of natural 
spaces. One opportunity highlighted was the possibility 
to identify streets more contaminated and thus streets to 
avoid walking. Citizens also proposed to investigate if for 
people doing outdoor sports, their performance (using 
respiratory parameters) was affected. Another suggestion 
was to investigate the effect of air pollution on cardiores-
piratory health and explore if this effect was impacted 
by wearing or not wearing a mask. Barriers identified by 
the citizens in both tables were also mainly methodologi-
cal, for instance, they thought that measuring respiratory 
health is more complex and engaging a lot of participants 
willing to share their routes or having to wear a mask 
may be more difficult.

All in all, this meeting helped scientists to formulate 
a list of eight possible questions to investigate (Table 5). 
The questions addressed recurrent topics covered dur-
ing the pop-up intervention and community meeting, 
including cardiorespiratory and, cognitive and mental 
health (stress, mood and concentration), physical activ-
ity as well as other factors (noise, green and blue spaces) 
that could impact health. This list of eight questions was 
included in the second online survey. A total of 556 par-
ticipants living in Barcelona responded and shared simi-
lar characteristics as those who responded to the first 
survey (Table  2). The most voted question was: “How 
does air pollution together with noise and green/blue 
spaces affect mental health?”

There were 50 citizens participating in the co-creation 
workshop on study design. Based on discussion and 
the results from the posters, the study design most pre-
ferred by the citizens was an observational panel study. 
Scientists proposed that participants could provide daily 
repeated measures of different mental and cognitive out-
comes and relate them to the air pollution concentra-
tions. Participants selected the study type based on the 

effort they were willing to dedicate and the expected 
results they wish to receive. Regardless of the type of 
study, self-perceived stress and capacity of attention were 
among the most preferred and discussed cognitive and 
mental health outcomes to investigate (Supplementary 
Fig.  2). Furthermore, citizens expressed an interest in 
using a mobile application to collect mental health data 
through games and questionnaire. A number of partici-
pants also said they wished to receive more personalized 
results and to be able to monitor their personal exposure 
to air pollution. After publishing the protocol online, 
citizens did not give more feedback. All the above-men-
tioned preferences were incorporated in the official study 
protocol and were implemented.

Discussion
This paper described the first stages of an environmental 
epidemiology research (Cities-Health Barcelona) using a 
co-created citizen science approach in the design of the 
research question and study protocol. Based on the dif-
ferent co-creation activities, including two online sur-
veys, a pop-up intervention, a community meeting and 
a workshop, we reported what citizens would prioritize 
investigating in the context of air pollution and health 
and how they would like to design the research. The 
development of the co-creation activities and the results 
obtained led us to identify some added values and the 
challenges of co-creating research with citizens. In this 
section, we discuss our findings articulated in terms of 
two general trade-offs we experienced in applying citi-
zen science in an environmental health project. The first 
one refers to the balance between the role of scientists 
as facilitators, the civic inputs and citizens’ control over 
decisions. The second trade-off touches upon the need 
to engage citizens versus the need for maximizing qual-
ity and representativity in research. To alleviate as much 
as possible such tensions, we proposed some suggestions 
that are important for the environmental health research 
community to consider.

Table 5 List of potential research questions citizens would like to investigate based on the community meeting

Potential research questions n (%)

How does air pollution together with noise and green/blue spaces affect mental health? 153 (27.52)

How does air pollution together with noise and green/blue spaces affect cardiorespiratory health? 132 (23.74)

Does air pollution affect levels of stress and/or emotional state? 115 (20.68)

How does wearing a mask or without a mask affect my cardiorespiratory health? 45 (8.09)

Does air pollution affect my sense of well-being when doing physical activity? 42 (7.55)

Does air pollution affect my cardiorespiratory health when doing physical activity? 36 (6.47)

Does air pollution affect concentration and/or productivity? 21 (3.78)

Does air pollution affect my performance when doing physical activity? 12 (2.16)
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In CitieS-Health Barcelona, co-defining the research 
question involved combining the input of both citizens 
and professional scientists. However, citizens and scien-
tists did not have the same control over all of the collec-
tive decision-making processes. In our project, we started 
with an online survey in which citizens had no input 
from scientists (other than having designed the survey), 
which allowed us to gauge what was genuinely concern-
ing the citizens and which topics they would like to inves-
tigate according to their preoccupations and interests. By 
doing so, we uncovered interesting findings. When asked 
about which health topic they were concerned and would 
like to know more about (Question 6 and 7 from the first 
online survey), citizens chose mostly respiratory health. 
Noting the fact that citizens wish to know more about 
the effects of air pollution on respiratory health suggests 
that scientific studies’ findings do not reach the public in 
a meaningful way. In fact, from an experts’ perspective, 
respiratory health is one of the most covered outcomes 
in the epidemiological literature and probably one of the 
first to be linked with atmospheric air pollution. Like-
wise, a high percentage of citizens wished to know more 
about the effects on cardiovascular health, when these 
effects are well established in the scientific community 
and considered to be the ones causing the biggest burden 
[34]. Citizens also reported being interested in investi-
gating concentration and development, stress and men-
tal health in general. Despite recent findings, cognitive 
and mental health remains a novel topic in air pollution 
research where many gaps still need to be explored [2].

Although the exchange between expert’s knowledge 
and civic inputs is important, it can be sometimes chal-
lenging and the equal involvement between experts 
and citizens that is promoted by the four-phase frame-
work was difficult to attain. For the first survey, it was 
important to not overly restrain the citizens to a limited 
choice of answers, even if scientists knew beforehand 
that some topics would be more difficult to investigate 
due to the resource availability and the time constraint 
of the project. However, at the stage of articulating the 
questions to investigate during the community meet-
ing, there was a need to balance the viability of the 
research questions and citizens’ interests. Here, the role 
of the scientists as facilitators was critical for raising 
awareness among citizens about what were the impli-
cations if a topic was to be investigated and what was 
the project capacity to support such research project. 
For instance, an important number of citizens con-
sidered that the population at most risk were children 
(results from the first survey and pop-up intervention). 
Though this was a clear matter of concerns amongst 
Barcelona residents, experts decided to not restrict 
the list of research questions to a specific population. 

Having minors on board as research subjects and as 
co-investigators was thought to be more ethically and 
logistically challenging. In this case, scientific experts 
were maintaining control over deciding which were 
the potential questions to be voted. Another example 
in which the scientists had an important role was when 
describing the study design. Each type of study was 
briefly described to avoid boring the public with too 
much technical details and at the same time, to leave 
a bit of space for creativity. Based on our experience 
with the community meeting, we encourage research-
ers who want to apply co-creation methods to not avoid 
giving their input by fear of perpetuating a top-down 
approach to research, since their role as facilitators 
guide the development of a high quality study. Never-
theless, if decisions have to be made contrary to what is 
suggested by the citizens, researchers should justify and 
communicate the inconsistencies in a fully transparent 
manner.

Similarly, writing the research protocol needed to be 
elaborated and finalized by scientists after the inputs 
received from the co-creation workshop. As the actual 
writing of a study protocol is normally a laborious step 
requiring precision, it was thought to be too demand-
ing for citizens to be involved in such a task. In fact, one 
reason we believe we did not receive additional feedback 
from citizens after publishing the protocol online was of 
the density and technicality of the document. We found 
that choosing key elements of the protocol with citizens 
was enough to align with their needs and interests. To 
discuss this begs the question of how civic decision-mak-
ing should proceed in each step of an epidemiological 
study applying co-created citizen science. Nevertheless, 
we believe that applying several participatory activities 
requiring citizens inputs allowed citizens to exert a cer-
tain control over the general direction of the research. 
Other practices could be implemented, such as involving 
one or a few representatives of citizens in a more labo-
rious task like writing the study protocol, or organizing 
a committee of citizens that reviews and approves draft 
and final versions of the protocol [35, 36]. Based on our 
experience, we would suggest developing several co-cre-
ation workshops for the design of the study, rather than 
just one as we did. For instance, our workshop was cen-
tered more on outcome assessment than on exposure 
assessment, thus a second workshop on how to meas-
ure exposure to environmental factors could be relevant. 
Plus, a group of citizens could review and follow up all 
the versions of the study protocol until the final one. Sci-
entists would remain responsible for writing the study 
protocol but could gather more inputs from citizens. This 
would ensure a better alignment of the study protocol 
with citizens’ priorities and needs.
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A second trade-off we experienced was between the 
desire of having a representative sample and reaching a 
maximum of citizens in the project. Representativeness 
is an issue that can be discussed at different levels in a 
citizen science project in environmental epidemiology. 
First, on the epidemiological part, the need for represent-
ativeness has been a subject of debate among experts, 
and one of the main conclusions is that the appropriate 
selection of participants depends on the objective of the 
study [37]. Second, one of the rationales of citizen sci-
ence is that it allows citizens to shape research agendas 
by choosing or having a say in deciding research topics, 
as done in the present study. In having a “democratiza-
tion of science” view, representativeness, or at least a 
broad inclusion of different population groups, is also a 
desirable aim, and one of the current challenges citizen 
science projects are facing [8]. In this sense, our project 
likely failed to include some population groups, and this 
should be viewed as a limitation. In fact, the first survey 
was distributed to stakeholders, some in forms of associ-
ations, already involved in air pollution public campaigns 
and composed of people following the social media of the 
health research institute in charge of this survey. There-
fore, it is probable that the survey principally attracted 
people who are already aware of air pollution health risks 
and who have a desire to expose their concerns. How-
ever, regardless of diversity in participation, having a high 
number of contributors has several advantages [8], and 
our study aimed at reaching the maximum number of 
participants by designing short surveys. Again, our sur-
vey did not allow us to collect in depth sociodemographic 
data, another limitation of our study. Third, citizen sci-
ence projects can be considered as a tool for mobilized 
citizen groups to base their needs for locally generated 
scientific findings. This situation probably reflects our 
sample, as participants likely included citizens concerned 
about poor air quality in the city. Still, we believe it is 
of interest to report what mobilized groups of citizens 
believe are the relevant research questions to be investi-
gated, and what is their perception about the topic. It is 
often the case that small groups of citizens lead the way 
for societal changes and therefore it remains noteworthy 
to know their insights.

Furthermore, at the onset of starting the co-identi-
fication phase, no actual participant recruitment was 
required. This led the project to have an informal fol-
low-up of the citizens involved in the different co-crea-
tion activities (i.e. online surveys, pop-up intervention, 
community meeting and workshop). That also means 
that citizens started to be involved at different stages 
of the project. Thus, each activity had its own popula-
tion sample. These samples had also probably different 

socio-demographic characteristics considering that the 
time and setting varied from one activity to another. For 
instance, the workshop was conducted in the evening at 
the center of the city, which is less practical for adults 
with young children, whereas the pop-up intervention 
was held in all the districts during the whole day. Though 
this could be seen as an issue, it rather reflects the flex-
ibility and openness citizen science brings to research. 
The co-identification and co-designing phases are meant 
to grasp the heterogeneity of concerns among the com-
munity and thus, creating an exclusive group of citizens 
at the start of the project could limit gathering relevant 
unique civic insights. Nevertheless, our suggestion for 
researchers would be to keep track of who is attending 
the events and to do this at the very beginning of the 
project. This would help researchers to have a better idea 
of the population sample profile for each activity, and 
in return be able later to better contextualize the results 
obtained.

Moreover, conducting a rigorous quantitative or quali-
tative analysis of the civic inputs from the co-creation 
activities can be challenging for environmental health 
experts. During the co-creation workshop on study 
design in which citizens did not necessarily follow every 
steps of the activity, and thus lead to several inconsisten-
cies in the numbers of votes in the Experiment Design 
canvas. This happens frequently during co-creation activ-
ities and consequently, environmental health research-
ers should get trained if they want to get the most out 
of these activities or, they could partner with experts in 
civic engagement that can gauge better the results from 
those co-creation activities [11].

The results from the first stages of the Cities-Health 
project in Barcelona are not without limitations. The lack 
of diversity amongst respondents in terms of districts and 
age groups reduces representativeness. Consequently, it 
is possible that these concerns do not correspond with 
the concerns of groups from different socio-demographic 
classes in the city. Moreover, data regarding science lit-
eracy, ethnicity and other socio-economic characteristics 
such as education level, income and job position were 
not collected, which did not allow us to properly charac-
terize our sample from both online surveys. We did not 
collect these data to minimize the information collected 
to facilitate participation. In fact, having to fill out a long 
survey may annoy some curious citizens who just want to 
get involved quickly. In addition, during the face-to-face 
meetings we wanted to build an informal environment 
to promote an equal relationship between scientists and 
citizens. In this sense, it was considered odd to ask socio-
economic characteristics to the attendants of a workshop. 
However, this trade-off should be critically analyzed, as 
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scientific publications may require such characterization 
of the sample, and evaluations of citizen science projects 
consider diversity as an important indicator.

Throughout this discussion, we highlighted some of the 
added value and challenges in applying co-created citizen 
science in environmental epidemiology research project. 
More details on the specific activities and tools described 
in this paper can be found in the reports available on the 
website of the CitieS-Health project (https:// citie sheal 
th. eu/). Also, we developed the CitieS-Health toolkit 
(https:// citiz ensci encet oolkit. eu/), in which we described 
every steps of the co-creation activities and included 
some concrete examples on how to engage citizens in 
citizen science projects in environmental health studies.

Conclusions
This paper describes the co-creation process of an envi-
ronmental epidemiology study in the context of urban 
air pollution and health, which aimed to involve citi-
zens in deciding what to study and how to do it. In the 
CitieS-Health Barcelona pilot, we found that civic con-
cerns were mainly about the effects of air pollution on 
different aspects of mental health. Citizens voted for a 
research question that also aimed to assess other effects 
of environmental exposures that include noise and green/
blue spaces. Despite the fact that the representativeness 
of these results is subject to limitations, the co-creation 
activities enabled citizens to provide extensive inputs to 
the project and are still valuable to inform researchers 
on current community concerns. The co-designing pro-
cesses described can be useful for other environmental 
health researchers who want to apply a co-created citi-
zen science approach in their studies. Moreover, in the 
context of environmental health research where there 
are not many documented examples to learn from, we 
believe that the trade-offs identified between scientific 
rigor and public engagement and the suggestions pro-
vided are important for the research community to con-
sider. However, future work should be done to better 
understand the optimal application of co-created citizen 
science in research studies in the field of environmental 
epidemiology.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12940- 021- 00826-8.

Additional file 1: Tool template 1. In-depth discussion canvas. Tool 
template 2. Identification Issues canvas. Tool template 3. Experiment 
Design canvas. Table S1. List of questions from the Barcelona CitieS-
Health Pilot Survey 2019. Table S2. Translated answers from option ‘Other’ 
in Q4, Q5 and Q6 for respondents living in the 10 districts of Barcelona. 
Table S3. List of high frequency health-related and effect-related words 
(≥ 10 times) from Q7 among respondents living in Barcelona sorted by 
frequency. Figure S1. (a) Subjective perception of air quality (higher rate 

indicates a perception of a higher level of air pollution) by district in Bar-
celona; (b) Modeled  NO2 concentrations in Barcelona in 2017, aggregated 
at district level. Figure S2. Results of the co-creation workshop for each 
type of study design: (a) Panel / Observational, (b) Experimental and (c) 
Cross-sectional.

Acknowledgements
We acknowledge support from the Spanish Ministry of Science, Innovation 
and Universities through the “Centro de Excelencia Severo Ochoa 2019-2023” 
Program (CEX2018-000806-S), and support from the Generalitat de Catalunya 
through the CERCA Program. We would like to thank all the citizens that 
participated to the activities and respondents of the surveys for their time and 
collaboration, moltes gràcies, muchas gracias. Special thanks should be given 
to the Associació Catalana de Comunicació Científica who helped to dissemi-
nate the two online surveys.

Authors’ contributions
Conceptualization: X.B., M.B., V.R., L.P.E., J.C., M.N.; Methodology: X.B., M.B.; 
Validation: F.G., X.B.; Formal Analysis: F.G., X.B.; Resources: M.B., V.R., J.C.; Data 
Curation: F.G., L.P.E.; Writing – Original Draft Preparation: F.G.; Writing – Review 
& Editing: F.G, L.P.E., R.T., V.R., R.O., M.N., J.C., X.B., M.B; Visualization, F.G.; Supervi-
sion: X.B., M.B.; Project Administration: R.O., X.B., M.B.; Funding Acquisition: 
X.B, M.B., J.C., V.R., R.T, M.N. All authors have read and agreed to the published 
version of the manuscript.

Funding
This survey study takes part of a 3-year project called CitieS-Health and 
this project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 824484. 
This output reflects only the author’s view. The European Commission is not 
responsible for any use that may be made of the information it contains.

Availability of data and materials
The dataset (dataset containing anonymized results from questions 1 to 6 of 
the first survey) generated and analysed during the current study is available 
in the Zenodo repository [https:// doi. org/ 10. 5281/ zenodo. 38865 98]. All other 
data generated and analysed (from the second online survey and workshop) 
during this study are included in this published article and its supplementary 
information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Barcelona Institute for Global Health (ISGlobal), Barcelona, Spain. 2 Universitat 
Pompeu Fabra (UPF), Barcelona, Spain. 3 CIBER Epidemiología y Salud Pública 
(CIBERESP), Barcelona, Spain. 4 Ideas For Change (IFC), Barcelona, Spain. 

Received: 6 May 2021   Accepted: 26 December 2021

References
 1. Cohen AJ, Brauer M, Burnett R, Anderson HR, Frostad J, Estep K, et al. 

Estimates and 25-year trends of the global burden of disease attributable 
to ambient air pollution: an analysis of data from the Global Burden of 
Diseases Study 2015. Lancet. 2017;389(10082):1907–18. https:// doi. org/ 
10. 1016/ S0140- 6736(17) 30505-6.

https://citieshealth.eu/
https://citieshealth.eu/
https://citizensciencetoolkit.eu/
https://doi.org/10.1186/s12940-021-00826-8
https://doi.org/10.1186/s12940-021-00826-8
https://doi.org/10.5281/zenodo.3886598
https://doi.org/10.1016/S0140-6736(17)30505-6
https://doi.org/10.1016/S0140-6736(17)30505-6


Page 13 of 13Gignac et al. Environmental Health           (2022) 21:11  

 2. Thurston GD, Kipen H, Annesi-Maesano I, Balmes J, Brook RD, Cromar 
K, et al. A joint ERS/ATS policy statement: What constitutes an adverse 
health effect of air pollution? An analytical framework. Eur Respir J. 
2017;49(1):1600419. https:// doi. org/ 10. 1183/ 13993 003. 00419- 2016.

 3. Cori L, Donzelli G, Gorini F, Bianchi F, Curzio O. Risk Perception of Air Pol-
lution: A Systematic Review Focused on Particulate Matter Exposure. Int J 
Environ Res Public Health. 2020;17(17):6424. https:// doi. org/ 10. 3390/ ijerp 
h1717 6424.

 4. Ngo NS, Kokoyo S, Klopp J. Why participation matters for air quality stud-
ies: risk perceptions, understandings of air pollution and mobilization in 
a poor neighborhood in Nairobi. Kenya Public Health. 2017;142:177–85. 
https:// doi. org/ 10. 1016/j. puhe. 2015. 07. 014.

 5. English PB, Richardson MJ, Garzón-Galvis C. From Crowdsourcing to 
Extreme Citizen Science: Participatory Research for Environmental Health. 
Annu Rev Public Health. 2018;39(1):335–50. https:// doi. org/ 10. 1146/ 
annur ev- publh ealth- 040617- 013702.

 6. Wing S, Horton RA, Muhammad N, Grant GR, Tajik M, Thu K. Integrating 
epidemiology, education, and organizing for environmental justice: com-
munity health effects of industrial hog operations. Am J Public Health. 
2008;98(8):1390–7. https:// doi. org/ 10. 2105/ AJPH. 2007. 110486.

 7. Vohland K, Land-zandstra A, Ceccaroni L, Lemmens R, Perelló J, Ponti 
M, et al. The science of citizen science. 1st ed. Cham: Springer Inter-
national Publishing; 2021. https:// link. sprin ger. com/ book/ 10. 1007/ 
978-3- 030- 58278-4.

 8. Sauermann H, Vohland K, Antoniou V, Balázs B, Göbel C, Karatzas 
K, et al. Citizen science and sustainability transitions. Res Policy. 
2020;49(5):103978. https:// doi. org/ 10. 1016/j. respol. 2020. 103978.

 9. Balestrini M, Rogers Y, Hassan C, Creus J, King M, Marshall P. A City in 
Common: A Framework to Orchestrate Large-Scale Citizen Engagement 
around Urban Issues. In:  Proceedings of the 2017 CHI Conference on 
Human Factors in Computing Systems. Denver: Association for Comput-
ing Machinery (ACM); 2017. p. 2282–94.

 10. The Bristol Approach. What is The Bristol Approach? 2018. https:// www. 
brist olapp roach. org/ brist ol- appro ach/. Accessed 28 Nov 2020.

 11. Froeling F, Gignac F, Hoek G, Vermeulen R, Nieuwenhuijsen M, Ficorilli A, 
et al. Narrative review of citizen science in environmental epidemiology: 
Setting the stage for co-created research projects in environmental epi-
demiology. Environ Int. 2021;152:106470. https:// doi. org/ 10. 1016/j. envint. 
2021. 106470.

 12. King AC, Winter SJ, Sheats JL, Roses LG, Buman MP, Salvo D, et al. Leverag-
ing Citizen Science and Information Technology for Population Physical 
Activity Promotion. Transl J Am Coll Sports Med. 2016;1(4):30–44. https:// 
doi. org/ 10. 1249/ TJX. 00000 00000 000003.

 13. Cargo M, Mercer SL. The value and challenges of participatory research: 
strengthening its practice. Annu Rev Public Health. 2008;29:325–50. 
https:// doi. org/ 10. 1146/ annur ev. publh ealth. 29. 091307. 083824.

 14. European Environment Agency. Assessing air quality through citizen sci-
ence. 2020. https:// www. eea. europa. eu/ publi catio ns/ asses sing- air- quali 
ty- throu gh- citiz en- scien ce. Accessed 28 Nov 2020.

 15. Caplin A, Ghandehari M, Lim C, Glimcher P, Thurston G. Advancing envi-
ronmental exposure assessment science to benefit society. Nat Commun. 
2019;10(1):1–11. https:// doi. org/ 10. 1038/ s41467- 019- 09155-4.

 16. Levy JI, Houseman EA, Spengler JD, Loh P, Ryan L. Fine particulate matter 
and polycyclic aromatic hydrocarbon concentration patterns in Roxbury, 
Massachusetts: a community-based GIS analysis. Environ Health Perspect. 
2001;109(4):341–7. https:// doi. org/ 10. 1289/ ehp. 01109 341.

 17. Kinney PL, Aggarwal M, Northridge ME, Janssen NA, Shepard P. Airborne 
concentrations of PM(2.5) and diesel exhaust particles on Harlem 
sidewalks: a community-based pilot study. Environ Health Perspect. 
2000;108(3):213–8. https:// doi. org/ 10. 1289/ ehp. 00108 213.

 18. Commodore A, Wilson S, Muhammad O, Svendsen E, Pearce J. 
Community-based participatory research for the study of air pollution: a 
review of motivations, approaches, and outcomes. Environ Monit Assess. 
2017;189(8):378. https:// doi. org/ 10. 1007/ s10661- 017- 6063-7.

 19. Rico M, Font L, Arimon J, María M, Gómez A. Informe qualitat de l’aire de 
Barcelona. 2019. https:// www. aspb. cat/ wp- conte nt/ uploa ds/ 2019/ 09/ 
Infor me_ quali tat- aire- 2018. pdf. Accessed 28 Nov 2020.

 20. Ajuntament de Barcelona. Baròmetre Semestral de Barcelona Evolució 
2011-2016. 2016. http:// ajunt ament. barce lona. cat/ premsa/ wp- conte nt/ 
uploa ds/ 2017/ 01/ r16037_ Baròmetre_ Desem bre_ Evolu ció. pdf. Accessed 
28 Nov 2020.

 21. Dons E, Laeremans M, Anaya-Boig E, Avila-Palencia I, Brand C, de Nazelle 
A, et al. Concern over health effects of air pollution is associated to NO 
2 in seven European cities. Air Qual Atmos Health. 2018;11(5):591–9. 
https:// doi. org/ 10. 1007/ s11869- 018- 0567-3.

 22. Eixample Respira. No Title. https:// www. eixam plere spira. com/. Accessed 
28 Nov 2020.

 23. Plataforma per la Qualitat de l’Aire. No Title. http:// www. quali tatde laire. 
org/. Accessed 28 Nov 2020.

 24. ESAIRE. El Proyecto. http:// esaire. eu/ es/ sobre- esaire/. Accessed 28 Nov 
2020.

 25. CITI-SENSE. The Project. https:// co. citi- sense. eu/ ThePr oject. aspx. Accessed 
28 Nov 2020.

 26. ParkingDay Barcelona. https:// parki ngday bcn. org/. Accessed 28 Nov 
2020.

 27. Ibercivis. Vigilantes del Aire. https:// iberc ivis. es/ proje ct/ vigil antes- del- 
aire/. Accessed 28 Nov 2020.

 28. Hofman J, Maher BA, Muxworthy AR, Wuyts K, Castanheiro A, Samson R. 
Biomagnetic monitoring of atmospheric pollution: a review of magnetic 
signatures from biological sensors. Environ Sci Technol. 2017;51(12):6648–
64. https:// doi. org/ 10. 1021/ acs. est. 7b008 32.

 29. Van Dyck L, Bentouhami H, Koch K, Samson R, Weyler J. Exposure to 
Indoor Ferromagnetic Particulate Matter Monitored by Strawberry Plants 
and the Occurrence of Acute Respiratory Events in Adults. Int J Environ 
Res Public Health. 2019;16(23):4823. https:// doi. org/ 10. 3390/ ijerp h1623 
4823.

 30. Gignac F, Paz Errandonea L, Toran R, Righi V, Ortiz R, Maccani G, et al. 
CitieS-Health Barcelona Survey Results 2020.

 31. Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. 
Qual Health Res. 2005;15(9):1277–88. https:// doi. org/ 10. 1177/ 10497 
32305 276687.

 32. Tao Y, Zhang F, Shi C, Chen Y. Social Media Data-Based Sentiment Analysis 
of Tourists’ Air Quality Perceptions. Sustainability. 2019;11(18):5070. 
https:// doi. org/ 10. 3390/ su111 85070.

 33. Richard L. Handling qualitative data: a practical guide: SAGE; 2014. p. 
103–25.

 34. Brook RD, Rajagopalan S, Pope CA, Brook JR, Bhatnagar A, Diez-Roux 
AV, et al. Particulate matter air pollution and cardiovascular disease: An 
update to the scientific statement from the american heart association. 
Circulation. 2010;121(21):2331–78. https:// doi. org/ 10. 1161/ CIR. 0b013 
e3181 dbece1.

 35. De Marchi B, Biggeri A, Cervino M, et al. A Participatory Project in Environ-
mental Epidemiology: Lessons from the Manfredonia Case Study (Italy 
2015-2016). Public Health Panorama. 2017;3:321–35.

 36. Ficorilli A, Maccani G, Balestrini M, Biggeri A, De Marchi B, Froeling F, et al. 
Investigating the process of ethical approval in citizen science research: 
the case of public health. J Sci Commun. 2021;20(06):A04. https:// doi. org/ 
10. 22323/2. 20060 204. In press.

 37. Rothman KJ, Gallacher JEJ, Hatch EE. Why representativeness should be 
avoided. Int J Epidemiol. 2013;42(4):1012–4. https:// doi. org/ 10. 1093/ ije/ 
dys223.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1183/13993003.00419-2016
https://doi.org/10.3390/ijerph17176424
https://doi.org/10.3390/ijerph17176424
https://doi.org/10.1016/j.puhe.2015.07.014
https://doi.org/10.1146/annurev-publhealth-040617-013702
https://doi.org/10.1146/annurev-publhealth-040617-013702
https://doi.org/10.2105/AJPH.2007.110486
https://link.springer.com/book/10.1007/978-3-030-58278-4
https://link.springer.com/book/10.1007/978-3-030-58278-4
https://doi.org/10.1016/j.respol.2020.103978
https://www.bristolapproach.org/bristol-approach/
https://www.bristolapproach.org/bristol-approach/
https://doi.org/10.1016/j.envint.2021.106470
https://doi.org/10.1016/j.envint.2021.106470
https://doi.org/10.1249/TJX.0000000000000003
https://doi.org/10.1249/TJX.0000000000000003
https://doi.org/10.1146/annurev.publhealth.29.091307.083824
https://www.eea.europa.eu/publications/assessing-air-quality-through-citizen-science
https://www.eea.europa.eu/publications/assessing-air-quality-through-citizen-science
https://doi.org/10.1038/s41467-019-09155-4
https://doi.org/10.1289/ehp.01109341
https://doi.org/10.1289/ehp.00108213
https://doi.org/10.1007/s10661-017-6063-7
https://www.aspb.cat/wp-content/uploads/2019/09/Informe_qualitat-aire-2018.pdf
https://www.aspb.cat/wp-content/uploads/2019/09/Informe_qualitat-aire-2018.pdf
http://ajuntament.barcelona.cat/premsa/wp-content/uploads/2017/01/r16037_Bar%C3%B2metre_Desembre_Evoluci%C3%B3.pdf
http://ajuntament.barcelona.cat/premsa/wp-content/uploads/2017/01/r16037_Bar%C3%B2metre_Desembre_Evoluci%C3%B3.pdf
https://doi.org/10.1007/s11869-018-0567-3
https://www.eixamplerespira.com/
http://www.qualitatdelaire.org/
http://www.qualitatdelaire.org/
http://esaire.eu/es/sobre-esaire/
https://co.citi-sense.eu/TheProject.aspx
https://parkingdaybcn.org/
https://ibercivis.es/project/vigilantes-del-aire/
https://ibercivis.es/project/vigilantes-del-aire/
https://doi.org/10.1021/acs.est.7b00832
https://doi.org/10.3390/ijerph16234823
https://doi.org/10.3390/ijerph16234823
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1177/1049732305276687
https://doi.org/10.3390/su11185070
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.22323/2.20060204
https://doi.org/10.22323/2.20060204
https://doi.org/10.1093/ije/dys223
https://doi.org/10.1093/ije/dys223

	Co-creating a local environmental epidemiology study: the case of citizen science for investigating air pollution and related health risks in Barcelona, Spain
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Setting
	Co-designing the research question
	Co-designing the study protocol
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


