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ABSTRACT 
In this paper we consider various genres of citizen science 
from the perspective of citizen participants. As a mode of 
scientific inquiry, citizen science has the potential to “scale 
up” scientific data collection efforts and increase lay 
engagement with science. However, current technological 
directions risk losing sight of the ways in which citizen 
science is actually practiced. As citizen science is 
increasingly used to describe a wide range of activities, we 
begin by presenting a framework of citizen science genres. 
We then present findings from four interlocking qualitative 
studies and technological interventions of community air 
quality monitoring efforts, examining the motivations and 
capacities of citizen participants and characterizing their 
alignment with different types of citizen science. Based on 
these studies, we suggest that data acquisition involves 
complex multi-dimensional tradeoffs, and the commonly 
held view that citizen science systems are a win-win for 
citizens and science may be overstated. 
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INTRODUCTION 
In environmental research, citizen science [29] is frequently 
touted as a means for both “scaling up” academic research 
and increasing lay engagement with scientific issues and 
practice. Involvement of non-professionals in scientific 
inquiry is seen as a way to refocus research productively on 
issues of societal concern [13,39]; educate citizens about 
science [6,51]; and benefit scientific practice through the 
use of citizens to collect measurement data and local 
knowledge [10,12,42]. 

Two particular approaches to citizen science have received 
the bulk of attention in computing research: supporting 

expert amateurs (including institutions like the Audubon 
Christmas Bird Count [47]) and facilitating community 
action (e.g., street science [13]). The Christmas Bird Count 
is a coordinated wildlife survey conducted by bird 
hobbyists around the world, whereas community action 
campaigns involve non-expert community residents in the 
process of characterizing local environmental conditions. 
The expert amateur approach resonates with many long-
standing themes in HCI/CSCW research and has led to 
work on tools for open knowledge communities, 
collaborative visualization, and structured discussion. This 
work has also spawned a variety of general-purpose 
platforms like Sensr [31], Ohmage [48], and ODK [26]) 
intended to support a wide range of data collection 
activities by expert amateurs. Similarly, the community 
action approach resonates with recent themes in sensor 
network research [2] and has led to work on infrastructure 
for participatory mobile sensing (e.g., [39,44]).  

However, an early focus on generalizable research – 
notably, on infrastructure for collaboration and data 
collection, things that computing research does well – risks 
losing sight of some of the particulars of citizen science as 
it is actually practiced. Such efforts often overlook: (1) the 
behavioral motivations of citizens to contribute to 
particular environmental causes, (2) the capacity of citizens 
to participate in activities necessary to a meaningful 
scientific campaign, and (3) the alignment of technologies 
with the ultimate goals of the collective scientific effort.  

These issues become particularly salient when we consider 
that the design of infrastructure for related domains such as 
crowdsourcing is typically predicated on narrowing and 
simplifying participants’ roles to reduce the impact of 
human variability on the data “product.” This attitude is 
mirrored in the literature on citizen science, which is filled 
with comments to the effect of “scientists who design 
research projects have to write study protocols that take 
citizen scientists into account…protocols should limit what 
citizen scientists are asked to do” [10] and “the public 
doesn’t know how to handle complex equipment” [5]. Do 
such design goals, as practically justified as they might be, 
match what “the public” wants to achieve? 

In this paper, we consider the experience of citizen science 
from the perspective of the citizen participants. Our goal is 
to inform the design of participatory sensing systems. The 
analysis here draws on qualitative design fieldwork 
comprised of an interlocking series of citizen science 
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projects conducted over the course of the past eight years. 
This involved three years of concentrated engagement, 
including four user studies and technological interventions, 
followed by intermittent observation over the following five 
years. Based on this extended engagement, we seek to 
unravel the assumptions resulting from uncritical adoption 
of expert amateur and community action viewpoints as well 
as the straightforward application of tropes from social 
media and sensor networks. 

We begin with a background on citizen science and provide 
a framework for citizen science genres. Next, we describe 
the goals and methods of our studies. Drawing on our 
fieldwork, we present findings on participants’ motivations 
in environmental action and participants’ individual and 
collective capacities for citizen science. We then discuss 
how these align with different types of citizen science. We 
conclude with a discussion of the practical tensions among 
various goals in the design of participatory sensing systems. 

BACKGROUND 
In the computing literature, critiques of citizen science have 
tended to highlight the very limited involvement of citizens 
in science practice – especially in the popular areas of 
participatory sensing [17,19] and crowdsourcing [40]. 
However, the term is being actively applied to an even 
wider range of environmental science and natural history 
activities1. One documentary study [54] divided projects 
into primarily scientific (physical or virtual) or systemic 
(action/monitoring or education), but follow-on survey 
research [55] showed that ¾ of projects examined basically 
gave equal weight to science, action/monitoring and 
education. In this section, we describe archetypal work that 
has been classified as citizen science, noting variation in the 
degree of agency afforded to citizen-participants.  

For the purposes of our discussion, we divide observational 
scientific practice using a linearized model of scientific 
method [24], a model in which a set of goals, ideas and 
hypotheses drive a study design (preparation); a set of 
study protocols are executed (data collection); and the 
resulting data set is analyzed and related back to the 
original ideas (post-collection). This is a caricature, as 
science practice typically proceeds in a more ad hoc, 
iterative manner [9,12,24]. Our main motivation is to 
separate data collection from the steps before and after it. 

                                                             
1 Notable online citizen science projects appear in a number of disciplines, 
such as molecular biology (e.g., FoldIt, http://fold.it). However, 
environmental observations are still predominant—for examples, see 
project registries at http://citizenscience.org and http://scistarter.com. While 
platforms like Zooniverse (http://zooniverse.org) run crowdsourced image 
labeling and transcription projects in a variety of scientific domains, 
environmental observations also make up the majority of their efforts. To 
keep the domain-specific content of this paper manageable, and because 
the main focus of this paper is on participatory sensing, we limit our 
discussion to the environmental sciences and focus on on-the-ground 
activities rather than online participation. 

Citizen Science: Origins and Genres of Practice  
There are many genres of citizen science, and the ideas 
underlying them have a long history [20,47]. For example, 
Shirk et al. [45] categorize five genres of participation in 
citizen science research ranging from purely “contractual” 
research in which communities contract professional 
scientists, to “collegial” in which citizens conduct research 
independently with varying degrees of outside affirmation 
or recognition. These distinct genres can be seen as arising 
from two main historical threads – one with the primary 
goal of using citizens to facilitate science, and the other 
subordinating science to citizens’ political goals.  

Citizen Science – Facilitating Scientific Agendas 
The now-widespread use of non-professionals for data 
collection [10,20,42] is the best-known form of what we 
might call the expert collectors genre. The pre- and post-
collection work of study design and data analysis remain in 
the control of professional scientists, and the role of citizens 
is carefully defined and constrained to maximize the 
scientific utility of their labor. The Christmas Bird Count is 
an oft-cited example of this, yet it also highlights the fact 
that such work can require considerable domain expertise 
(recognizing birds) even if that expertise is not that of 
professional science (analyzing data) [51]. To encourage 
participation, web-based tools for data submission now 
commonly include online community tools (e.g., [1,32]). 

Inspired by the popularity of projects like the Christmas 
Bird Count, computing researchers are creating 
crowdsourcing-style projects for environmental research. 
The availability of wirelessly connected mobile computing 
devices and inexpensive sensors has driven a great deal of 
recent research in mobile participatory sensing – the 
organized collection of sensor data using personal mobile 
devices [2]. A typical sensing citizens vision assumes a 
scale trade-off – i.e., high spatiotemporal data coverage will 
result from the mass participation enabled by cheap 
platforms and sensors, and that coverage can make up for 
limitations imposed by an ad hoc, de-skilled data collection 
process as well as those resulting from the use of cheap 
sensors [28]. A sensing citizens perspective is often applied 
when participant tasks can be usefully constrained, for 
example an effort in which participants execute clearly 
defined tasks to track chlorine usage [30]. 

Citizen Science – Enabling Collective Agendas 
A different thread of work has been inspired by action 
research in the social sciences. The primary objective here 
is to effect changes in local conditions as opposed to the 
construction of (academic) scientific knowledge.2 

                                                             
2 Other common forms of citizen participation in change processes include 
participation in the representative electoral processes, formal policy-setting 
processes, or informal agenda-setting processes [49]. In the latter two 
forms, activities may be epistemically scientific (requiring access to 
scientific resources and expertise), but they may also focus on identity 
politics or even be explicitly subversive [8]. 
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What we will call community research takes many closely 
related forms [56], such as participatory research in the 
social and health sciences [34] and street science in the 
environmental sciences [13]. The scientific resources and 
professional scientific training available to community 
activists is generally limited, so data often takes the form of 
qualitative local knowledge instead of quantitative 
measurements. One path to address this limit involves local 
youth as student scientists who learn about conventional 
science practice and become aware of environmental issues 
(e.g., [25]). Another path is to enroll community members 
as citizen scientists with the specific aim of creating new 
knowledge, data products that are good enough to use in 
policy/regulatory arenas (e.g., [37,39]). Obviously, these 
paths increase the involvement of participants in 
conventional science practice. 

Technologists, artists, and activists are hybridizing 
community research with the same crowdsourcing ideas 
that inspired participatory sensing. What we call community 
reporting resembles community research in that it uses 
participatory sensing data in a qualitative way to raise 
environmental or political awareness within communities 
(e.g., [17,35,44]). However, the intensity, duration, and 
capture of local knowledge tend to be reduced. 

Similar ideas and language (e.g., participation, science) are 
used in all of these genres. However, the disparate sources 
and influences of these ideas – including the recent ability 
to scale them using crowdsourcing and sensing technology 
– result in quite different emphases in terms of the data 
collected, and also impact how the data can be applied. 

Ideal Types of Data-Centric Practice  
Detaching these various genres of citizen science from their 
specific origins and goals for a moment, it is helpful to 
arrange them into an ideal type [53] system (Figure 1) 
based on their goals and approaches to data collection. 
(These ideal types are meant to be analytically useful, as 
opposed to thoroughly descriptive or precisely definitional.)  

When all portions of a study are handled by professionals, 
we might simply call this first ideal type professional 
science. The primary goal of data collection in professional 
science is quality – not just maximizing the accuracy and 
minimizing the uncertainty of measurements, but 
characterizing their limitations, reproducibility and 
traceability. Strategies for achieving such goals include 
developing detailed technical knowledge of the 
measurement apparatus, careful construction of study 
protocols, and thorough documentation. 

Economic realities and geographic constraints have long 
incentivized professional scientists to try to use amateur 
labor, which shares with crowdsourcing the key goal of 
maximizing the usable labor captured from participants. 
Crowdsourcing also shares the strategies of extreme 
division of labor and task standardization. Participant 
agency tends to be limited to the willingness to participate 
and work for the benefit of science practice. In particular, 
because of the difficulties of involving non-professionals in 
pre- and post-study practices, participation is often limited 
to data collection (whereas the goals and potential uses of 
the data are typically driven by study design). 

A third ideal type of science-oriented activity might be 
called local action. The primary goal here is to effect 
change in local conditions. Participant agency is an explicit 
part of the activity – community goals, not those of 
scientific practice, drive what the project aims to achieve.  

Overlaying our citizen science genres into this ideal type 
system (Figure 1) allows us to both consider the seemingly 
disparate goals of the projects and participants, and 
illustrate common tensions between them.  

STUDIES 
Our analysis draws upon post-hoc reflection on a series of 
four studies with interlocking goals and timelines. All four 
engagements centered on local air quality monitoring in a 
dense urban community in northern California. We chose to 
focus on air quality specifically because it represents a 
situated, locally relevant environmental problem with the 
potential to engage and impact a diverse set of contributors. 
At the same time, accurate and comprehensive air quality 
monitoring still presents a number of scientific, technical, 
and coordination challenges [50]. 

We began with background research on individual 
motivations for engaging in environmental action. We then 
collaborated with a local environmental justice NGO on a 
series of focused interventions. After these engagements 
concluded, we continued to informally track the progress of 
the NGO’s efforts over the following five-year period.  

Research Questions for HCI 
In considering the design space of technology to support 
variations on “citizen science” (and in particular mobile 
participatory sensing), we explore two research questions. 

The first question is, What drives people to engage with 
participatory efforts, and what actions and outcomes are 

 
Figure 1. Different types of data-centric community and 
science practice. Studies 2-4 show the focus of our fieldwork. 
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meaningful to them? Engagement in environmental action 
of any kind is a process [58]. As one survey [18] notes, HCI 
sustainability research frequently considers the role of 
persuasive interfaces, social influence, and individual 
motivations for personal sustainability choices. Further, 
work has been done on motivations for online participation 
in citizen science [36]. However, exactly what kinds of 
meaningful outcomes motivate participants to pursue 
collective activities like citizen science (and how these 
interact with their abilities) is not yet well understood. 

The second question is, What are productive ways for 
citizens to participate? As suggested in the previous 
section, different citizen science genres involve varying 
degrees of effort, formal scientific knowledge, attention to 
detail, etc. Understanding the realistic limits of citizen 
participation informs the requirements for technology 
intended to facilitate citizen science. Many different 
technologies for participatory sensing and collaborative 
analysis have been proposed. Some are highly appropriate 
when the goal is primarily to collect data to facilitate 
scientific purposes, whereas others are more appropriate 
when the goal is primarily to serve local residents.  

Field Studies 
Our field research can be grouped into four studies 
according to primary research focus and methods. The 
participants, tasks, and situations differed across studies, 
allowing us to observe variations in citizens’ motivation to 
participate, their role in data collection and other aspects of 
science practice, and the types of sensing technology 
involved. In the three studies involving scientific practice, 
we participated in planning, execution and surveyor 
debriefs as well as providing enabling resources (e.g., 
equipment, technical assistance, funds for surveyor 
compensation). However, the goals and specific questions 
of the work itself were driven by our partners’ agendas. 

All phases of the fieldwork were qualitative. We took 
detailed field notes during interviews and other interactions. 
We recorded all formal interviews, meetings and 
workshops, transcribing relevant segments. At various 
points over the course of the projects, we performed affinity 
clustering on the text corpus and iteratively identified and 
refined emergent themes [7]. The analysis procedure 
reported here extends the detailed process described in 
several of the individual field studies [22,57]. 

Study 1 – Concerned Citizens 
To investigate the motivations of individuals who were 
engaged in environmental action, we conducted exploratory 
fieldwork in the San Francisco Bay Area over a period of 7 
months in 2008. This exploratory study did not involve a 
technical intervention and, unlike the other three studies, 
was not tied to a particular genre of citizen science. We 
conducted formal in-person interviews with 14 participants 
and informal phone and in-person interviews with 
approximately 30 additional stakeholders. Participants were 
selected for interest or involvement in environmental action 
around air quality. Almost all participants were adults, at a 
variety of life stages, with a balanced number of male and 
female participants. Interviews were semi-structured and 
lasted between 1.5 and 3 hours. The informal interactions 
followed an open-ended format and varied greatly in length. 

Study 2 – Sensing	Citizens 
To understand more about citizens grappling directly with 
technical questions, we then engaged with a local 
environmental justice NGO, the Environmental Indicators 
Project (EIP). Founded by grassroots activists, EIP has 
conducted community-based participatory research (CBPR) 
[34] for many years [14]. EIP is perhaps most widely 
known for a series of campaigns in which it collected 
observational (“survey”) data on particulate matter emitted 
by diesel trailer-trucks operating in local residential 
neighborhoods [38], resulting in a health risk assessment 
and emissions inventory at the state level [16] and increased 
monitoring at the air district level [21]. 

The Sensing Citizens study focused on the collection of air 
quality data by community surveyors using chemical 
sensing technology. This pilot study (conducted by 
approximately 10 surveyors over a 4-month period in 2009) 
employed wireless sensor platforms developed by the 
Common Sense project [22] (Figure 2-left) that geolocate 
and record measured levels of three EPA criteria pollutant 
gases (CO, NO2, O3) using two different off-the-shelf 
chemical sensor technologies. These devices require no user 
intervention and, indeed, participants were not required to 
do anything specific except recharge the devices at night. 
As such, this was an example of the sensing citizens genre 
described in the previous section. In both this study and the 
Citizen Scientists study below, we followed EIP’s existing 
practices for surveyor recruiting (using snowball sampling 
complemented with local advertising) and incentives. 

   
Figure 2. Left–The gas sensor developed for the Sensing Citizens study. Center–Calibration and evolving documentation 

 during the Citizen Scientists study. Right–Sensing activities conducted during the Student Scientists study. 
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Study 3 – Citizen Scientists 
While the Sensing Citizens study with chemical sensing 
devices provided valuable usage data, engaging EIP’s staff 
and community surveyors in deeper scientific investigation 
required that we shift to EIP’s main pollutant of interest, 
particulate matter (PM). As a result, subsequent campaigns 
involved off-the-shelf portable aerosol monitors (DustTrak 
II, Model 8530; TSI Inc.) that log continuous particulate 
matter readings in the same units as EPA NAAQS (i.e., 
mg/m3). Unlike the Common Sense devices, these monitors 
require considerable operational and administrative 
attention including maintenance, calibration, manual data 
management, and record-keeping (Figure 2-center). 

In this engagement, data was collected by approximately 20 
community surveyors over a period of two years from mid-
2009 through mid-2011. Data collection was somewhat 
intermittent, with the exception of a focused round of 
approximately 100 shifts during two weeks in February 
2010. Surveyors typically carried the monitors for hour-
long shifts, walking one of six routes designed by EIP staff. 
Surveyors and EIP staff frequently reviewed the data in a 
visualization tool developed by the researchers. In addition 
to participating in initial orientation and training, some 
surveyors participated in an EIP capstone workshop and 
visualization focus groups [57]. The greater involvement of 
EIP staff and surveyors in the technical aspects of this 
process makes this an example of the citizen scientist genre. 

Study 4 – Student Scientists 
To study a third common citizen science genre, we 
collaborated with an NSF-funded high school science 
enrichment program, the East Bay Academy for Young 
Scientists (EBAYS). From a technical perspective, this was 
fairly similar to the Citizen Scientists study (EIP’s request, 
photo and SMS annotation capabilities were added), but the 
surveyor population was radically different in terms of their 
demographics (high school students as opposed to 
immediate community members) and motivations 
(curriculum enrichment as opposed to community interest). 

In this final engagement, two dozen student surveyors and 
six instructors collected data using PM sensors over a 
period of six months during 2010 (Figure 2-right). This 
initiative including a concentrated summer program in 
which EIP was actively involved (for example, training the 
students and instructors in the use of the equipment). The 
data collection was contextualized with lectures on 
environmental science and environmental justice as well as 
data analysis sessions. The students participated in 
individual interviews, and researchers acted as participant-
observers during data collection and analysis. All student 
surveyors gave final presentations, and some presented their 
results in a poster session at a national scientific conference.  

As the studies progressed, EIP leveraged its extended 
network to proselytize the work, garnering attention from 
regulatory agencies and high-ranking government officials, 
significant press, and numerous requests from other 
communities who want to conduct similar work. When our 

research team transitioned to other activities in mid-2011, 
EIP and EBAYS continued the Citizen Scientists and 
Student Scientists work, and EIP also began conducting 
training sessions for other community groups across the 
country. As of 2016, both groups were still actively 
engaged in these activities.  

WHAT DRIVES PARTICIPATION? 
In this section, we discuss participants’ motivations for 
conducting various types of citizen science.  

Drive for Personally Relevant Information 
The predominant driver of interest for concerned citizens 
was clearly the desire to gather personally relevant 
information. Personal health issues (or threats of potential 
future health issues) triggered concern about air quality. 

“People who have children who have asthma and get more 
concerned about it, or they’re sick themselves and they’re 
concerned about it, that interest makes them want to join a 
group or find out more about the issue.” – David3, Concerned 
Citizen 

“I used to go walking. There were some days I thought I wasn’t 
going to make it home. I’d just get so short of breath.” – Linda, 
Concerned Citizen 

Participants were eager to get information about how to 
minimize their exposure. For example, they wanted to 
receive recommendations for walking routes or driving 
routes with the lowest potential exposure. Accordingly, 
while participants had some willingness to collect or view 
data for more abstract scientific purposes, they were more 
compelled to gather and view data that was immediately 
relevant to their own lives. They wanted data about the 
specific locations in which they personally spent time and 
about the pollutants with the greatest relevance to their 
health. For example, they had greater interest in collecting 
data about particulate matter than in collecting data about 
ozone or carbon dioxide. 

“For me, I would just be interested in my own local [air quality].” 
– Ethan, Concerned Citizen 

Therefore, while concerned citizens were highly motivated 
to carry devices to collect data about their own exposure, 
they were not necessarily motivated to collect data that was 
most strategic from a scientific perspective. Further, their 
needs may not be met by technical approaches that collate 
data from a large number of low-accuracy sensors; because 
people spend the bulk of their time in a few locations where 
multiple sensors may not be available, conventional 
instruments that take highly accurate individual samples 
may be most appropriate for health-focused data. 

Although they shared the concerned citizens’ interest in 
personally relevant information, community and 
educational organizations were more flexible about location 
and type of data than the individual citizens. As discussed 
further below, EIP wanted to gather a fairly broad data set 

                                                             
3 All participant names are pseudonyms. 
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for exploratory purposes, and funding opportunities played 
a significant role in guiding their focus. EBAYS’ 
predominant interest was educational, so they were 
somewhat agnostic to the type and location of data. 

Interest in the Environment, not Environmental Science 
The community and educational organizations had a desire 
for citizens to gain an understanding of scientific process 
and principles, for example so that they could meaningfully 
participate in community meetings with scientific agencies. 
However, individual citizens made it clear that their interest 
in the environment was not necessarily the same as a desire 
to develop competence in environmental science. Some 
people may become engaged in the scientific process, but 
many do not. Participants were typically satisfied by 
learning about fairly general information and by gaining 
“awareness,” and they tended to be largely uninterested in 
conducting scientific activities beyond simply collecting 
data. For example, participants wanted to learn what 
pollutants they might be exposed to. 

“I don’t know what’s in the air. That’s why I wanted to do this. 
So that I could learn.” – Jake, Surveyor 

“All three of my children have asthma, so from that perspective, 
I wanted to know what was in the air. Not only that—I’m allergic 
to something out there in the air… So I really would like to know 
what’s hit me...” – Loretta, Survey Team Leader 

However, participants were less engaged in analyzing or 
interpreting data. Many did not know, and were not 
particularly interested in learning, what the numbers meant. 

“What’s 2.1? … See, those numbers wouldn’t mean a thing to 
me.” – Abigail, Concerned Citizen 

“From sensor to sensor, pollutant to pollutant, this one’s bad at 
a hundred and fifty parts per billion, this one’s bad at eighty 
parts per billion, this one’s at nine parts per million (laughs) … 
they could care less.” – Ethan, Concerned Citizen 

Participants such as the surveyors seemed happy to assume 
that someone else (an expert) would take the data and do 
something meaningful with it. They were satisfied by 
“playing their part” by collecting the data, and were not 
generally inclined to engage with it. 

“Once they receive the data that we give to them, they test it. 
They know what it is.” – Desiree, Surveyor 

“[Collecting data] made me feel like I was doing something for 
Oakland… I think I’m making a difference, and I feel better 
about myself.” – Darius, Surveyor 

Rather than seeking to explore the data, participants were 
more interested in being provided with higher-level 
interpretations that explained their exposure in terms of 
health effects or “normal” conditions, contextualizing their 
experience without requiring them to have specific 
technical knowledge. Overall, participants tended to seek 
narrowly defined roles as data collectors and assume that 
(anonymous) experts would fill all other functions. 

Awareness, Education, and Advocacy 
Citizen science rhetoric often suggests that citizens will 
leverage the data they collect to take effective political 

action. However, while participants were convinced that 
collecting data was useful, they were often vague as to how 
it would be used. Participants’ immediate inclination was to 
use data to raise awareness among community members, a 
goal that was also shared by EIP. 

“The most important thing is get it out to the community and the 
residents who live in these areas who might not be aware.”  
– Desiree, Surveyor 

“It’s really hard to educate people about environmental issues 
because they just immediately want to get defensive... But if 
you provide them with something like this that’s engaging, it’s 
graphic, it’s factual… then they start to sort of care and they 
start to sort of understand...” – Claire, Concerned Citizen 

In practice, this awareness raising was fairly successful in 
both the Citizen Scientists and Student Scientists studies. 

“I’ve learned, since I started participating and doing the air 
study… how small the particulates are that can go through your 
lungs… pollutants there in the air that I would never have 
thought about that are entering my body and my children’s 
body.” – Desiree, Surveyor 

“I talk a lot about it when I’m out and about [collecting data]. 
People are always asking us what we’re doing… and you go 
into a whole scenario about explaining what you’re doing it for 
and why. It’s another way to draw people into what we do, by 
letting them see us doing it.” – Loretta, Survey Team Leader 

However, participants were somewhat hazy about how this 
community awareness would be helpful. We attended one 
community action workshop in which the moderator 
specifically led a session to educate participants about using 
data for advocacy, because it did not generally occur to 
participants to interact with policy makers, and they did not 
know how to approach this process. Even though the 
community and educational organizations had a deeper 
understanding of the political advocacy process, using data 
in advocacy was not necessarily an immediate goal for 
them either. The initially desired impact of citizen science 
was in many ways educational rather than environmental. 

“Another mission of ours is to have students develop problem-
solving skills as well as critical thinking skills… They can then 
utilize those same skills to try and solve problems in their own 
lives or in their own communities.” – Ben, Science Teacher 

WHAT IS PRODUCTIVE? 
As we saw in the previous section, a key motivation for 
citizens is to answer questions about environmental 
conditions and the potential effects on community, family 
and personal health. However, when moving from general 
information to professional science or community 
advocacy, additional goals become relevant, and the 
procedures by which data is collected and managed become 
critical for its potential use. In this section, we discuss our 
experiences with citizens and consider their capacity to 
productively gather and use data in various conditions. 

Relevance of “Scientific” Conduct for Non-Scientists 
One of the touted benefits of citizen science is that citizens 
can effectively donate their time and effort, amplifying the 
efforts of professionally trained scientists. But is it always 
possible to execute “science” without professional training? 
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Professional science assumes that “data” is far more than 
the raw measurements. For reproducibility, data collection 
procedures and equipment must be recorded, as well as 
measurement conditions. For analysis and presentation, 
these factors become part of uncertainty estimates. In 
professional science practice, all of this is considered as 
part of study design – it would not make sense, for 
example, to use equipment and procedures that would be 
unable to measure the phenomena of interest. 

In spite of its non-scientific origins, community advocacy 
turns out to involve similar concerns. Because advocacy 
generally occurs in a governmental setting of one kind or 
another, data-backed arguments are typically presented in 
terms of standards set by existing laws, which are in turn 
framed in terms of relatively conservative scientific 
standards [37]. A key rhetorical strategy is to present citizen 
data as the product of “good science” [5], meaning that its 
methodological credibility must be high enough that results 
cannot be immediately dismissed by technical experts.  

Hence, while data intended for personal use might be 
collected using arbitrary methods, data intended for use in 
scientific or advocacy settings is far more valuable if it is 
collected and managed according to conventional protocols. 
To give an example of such a protocol, the technical 
procedures for our student-scientist study might be 
summarized in a scientific journal publication as follows: 

Surveyors carried photometric aerosol monitors (DustTrak II Model 
8530; TSI Inc., Shoreview, MN) with a 1Hz sampling rate and air 
flow calibrated each day to 3.0L/min (Model 4146; TSI Inc., 
Shoreview, MN). Monitors were fitted with TSI impactors (size-
selective inlets) with designed 50% cut-points at 2.5µm (PM2.5) at 
3L/min. The monitors' internal clocks (used to timestamp logged 
readings and which required manual setting) were re-set at every shift 
using an NTP-based wall clock. Surveyors walked one of three routes 
specified by EIP, with positions logged by GPS at 1Hz (AGL-3080; 
Amod Ltd., Taipei, Taiwan). Monitors were carried using custom 
backpack cases, with air sampled from the surveyor’s breathing zone 
using 1m conductive silicone rubber hoses (TSI p/n 810688, TSI Inc., 
Shoreview, MN) attached to the inlet. All monitors were within annual 
factory calibration against ISO 12103-1:1997 A1 test dust. Local PM 
characteristics were obtained using the monitor's built-in sampling 
port and 2-piece, 37mm cassettes loaded with 2µm PTFE filters (SKC 
p/n 225-308 and 225-27-07; SKC Inc., Eighty Four, PA) at an 
effective internal flow rate of 2.0L/min. Gravimetric analysis (ALS 
DataChem Labs, Salt Lake City, UT) applied NIOSH 0500 procedures 
including field blanks. Readings were manually downloaded from the 
DustTraks and submitted (with GPS logs) to a system that performed 
basic quality checks and automatically uploaded data into a database. 
At pre-selected street intersections, particle count readings were taken 
at 0.3, 0.5, 1, 2, 5 and 10µm using a multi-channel optical particle 
counter (Model 983, Fluke Corp., Everett, WA). 

Executing these procedures is not simply mechanical and 
requires considerable technical and administrative attention 
to detail. 

Operations and Maintenance 
In our experience, citizens found it highly challenging to 
develop procedures and documentation for their activities. 
In the Citizen Scientists study, researchers wrote initial 
procedures, a customized user manual, and checklists, and 
trained EIP staff in the use of these. The researchers then 

encouraged EIP to adapt the procedures and documentation 
to reflect their specific needs and practices as the work 
unfolded. This task was delegated to EIP’s survey team 
leader, who had a strong preference for the oral tradition. 
(As is common in environmental justice communities, 
many EIP staff and volunteers had had limited opportunities 
for formal education.) She quickly appropriated the 
technical procedures and made minor modifications, such 
as reordering maintenance steps for increased productivity. 
However, months passed with little progress on the 
documentation, and necessary information about data 
provenance was not being recorded. Some EIP staff 
understood the significance of this (for example, in order to 
receive funding from the EPA or even provide data as input 
for EPA decision-making processes, an organization must 
demonstrate that they have followed extensive EPA quality 
assurance requirements [23]). EIP staff appealed to the 
researchers to verbally interview the survey team leader and 
update the documentation (daily log sheets, etc.) to reflect 
the new practices that had emerged (Figure 2-center). 

“I didn’t do my reading. I just learned the system… It’s not really 
hard to use… I’m trying to figure out which ways to do it faster.” 
– Loretta, Survey Team Leader 

“This is a really big problem in a culture where there isn’t better 
than a sixth-grade education and people don’t have any 
technical knowledge or understanding… It’s great if [she] learns 
how to do this, but there’s no documentation. She memorized it 
because she made you tell her 55 times. Tell me every day until 
I learn it. Well, that’s great, but what about the next person?” – 
Alex, Community Organization Leader 

In many ways, the citizens and students were highly 
capable of executing day-to-day procedures. Initial mastery 
of the technical procedures was rarely a problem when the 
procedures were codified in advance. For example, EIP 
staff was competent at charging and calibrating equipment, 
changing filters, and modifying device settings. 

“It’s just a really great experience for the young people and as 
well for policymakers in the government to see that young 
people are capable of doing this kind of work and that anyone 
can really do this work.” – Ben, Science Teacher 

"The mechanics of data collection... they [the students] were 
competent at that... But they didn't always understand why they 
were doing what they were doing." – Connor, Science Teacher 

However, as is common in tedious work, sticking rigidly to 
protocols is difficult – especially with an intermittent 
volunteer population. We saw considerable “practical drift” 
([46], p. 194) between the written procedure and collection 
practice. In some instances, critical metadata was not 
recorded, GPS data was not collected in conjunction with 
the air quality data, etc. Volunteers did not always reliably 
handle mundane tasks such as charging devices nightly. 

“Badge #10 was not charged… (surveyor took some 
antihistamins [sic] and fell asleep early)." – Survey log, Sensing 
Citizens study  

“Now we have to worry about quality control… we have to keep 
correcting them on their process and procedure, and that’s just 
going to be a reality of working with volunteers who are doing 
this one hour a week.” – Alex, Community Organization Leader 
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Additionally, some administrative aspects were difficult. 
For example, many of the EIP staff were not experienced in 
using computers, so tasks such as saving data with agreed-
upon filenames (specified to contain necessary metadata) 
were challenging and error-prone. As a result of various 
procedural errors, approximately half of the first 100 shifts 
were unusable. EIP responded by paying greater attention 
to learning and enforcing the procedures, and later data 
collection was more successful. 

Monitoring and maintaining complex equipment over the 
longer-term was challenging for the citizens, as it required a 
certain level of understanding of its principles of operation. 
While the researchers encouraged them to become more 
involved and grow their competence in this area, and the 
survey team lead was alert and did occasionally notice 
potential problems, overall they had little interest in 
deepening their understanding of the equipment. In the end 
they relied almost entirely on the researchers to ensure the 
equipment was in good operating condition. 

In summary, participants executed day-to-day operations 
well (when they made it a priority to follow the protocols). 
However, they relied heavily on the researchers for 
procedures and documentation, as well as longer-term 
maintenance and troubleshooting – sometimes because 
these were not organizational priorities, and sometimes 
because participants did not yet have the requisite skills. In 
practical terms, this means that without expert intervention 
the data being collected might not be considered credible. 
In fact, according to EIP, the Citizen Scientists study would 
probably not have been conducted without heavy 
participation from outside researchers. 

Sensitive to these concerns, EIP articulated that the work 
was more complicated than they had anticipated, often 
expressing a strong desire for the type of equipment in the 
Sensing Citizens study (equipment that required minimal 
operation and maintenance, and no interaction with data 
files), which they came to call “passive” equipment. Such 
equipment was unfortunately not an option, as consumer-
grade particulate matter sensors (like AirBeam [3] or the 
Air Quality Egg [4]) had not yet come to market, and the 
need to measure PM dominated other concerns. However, 
on other occasions, the same EIP staff also expressed 
concerns about such passive equipment – noting that it 
might compromise engagement and undermine their 
educational goals. They were eager to participate fully and 
did not want the researchers to “dumb things down”. 
Ultimately it became clear that the ideal technology would 
involve active participation and learning, but not too much. 
Ideally, new opportunities for participant involvement 
would lie in the zone of proximal development [52] and 
build on participants’ existing knowledge and capabilities. 

“This citizen data gathering has to be completely passive or it’s 
never gonna work!” – Alex, Community Organization Leader 

“It can be done much more easily than the way we do it, but we 
choose not to simply treat a volunteer or a student as a pack 
mule… We want them to learn something…” – Alex 

“In a sense, I don’t want it to be fully automated. I want it to be 
an accessible process that doesn’t take me a month and a half 
to teach someone… walking that line between automation and 
engagement is an important one, because you know we could 
have dogs carrying the thing around the neighborhood if all we 
want to do is collect data.” – Alex 

Aligning Study Design, Execution, and Goals 
Approaches like CBPR or street science [13] posit that the 
community has latent questions – that local knowledge can 
be elicited and converted into both questions with a 
scientific formulation as well as influencing the 
reformulation of scientific questions in non-scientific form 
when appropriate. However, it may be hard to get people to 
articulate local knowledge. For example, the environment 
and residents of our target community are both over-
studied. Some have posited that urban sensing may cause 
people to lose hope [15]. But, in fact, even without such 
sensing, members of the community have had so many 
people tell them things are wrong that it becomes difficult 
to elicit specific formulations. 

“Polluted, everything is polluted. Soil is polluted, water is 
polluted… The air is polluted. Everybody has asthma. It’s all 
sooty. Starting from that, what would we need to know for them 
to ask a more specific question?” – Alex, Community 
Organization Leader 

Hence, one must not only offer data but must also offer a 
specific course of action [5]. This can elicit more focused 
concerns – for example, particulate matter as opposed to 
environment or even air quality.  

Even after hypotheses were posed, participants found it 
difficult to design a study plan that would yield data 
relevant to the hypotheses. Sometimes this was due to 
practical considerations such as the limits of volunteer 
schedules. For example, community members, the Air 
District, and a local atmospheric chemistry professor all 
provided EIP guidance about the times at which it would be 
most productive to collect data (e.g., the times of day the 
particulate matter levels were highest). However, volunteers 
were not readily available at those times, so EIP routinely 
collected data at times that were less valuable from both the 
scientific and community perspectives. Further, individual 
concerns can overtake organizational priorities. For 
example, one of the EIP staff had a personal interest in 
illegal dumping. She was attracted to this issue because it 
was concrete (unlike air quality) – one could easily identify 
misbehavior, report an offender to the city, etc. 
Accordingly, she significantly modified the data collection 
plan in the Student Scientists study such that the students 
refocused much of their effort on taking pictures of trash in 
the neighborhood, rather than gathering air quality data. 

Participants also found it difficult to align their expectations 
of the data with the nature of the data being collected. For 
example, when EIP was designing a study plan, they 
articulated goals such as showing spatial variation in 
particulate matter levels or generally exploring the data to 
see what phenomena emerged. However, the study plan 
resulted in data that was geographically and temporally 
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sparse (limited locations, inconsistent times of day, etc.), 
and from a scientific perspective this data was ill-suited to 
answer their questions. Despite receiving expert input 
expressing grave reservations about this approach, they 
were highly optimistic that if they just pushed forward 
collecting data, eventually they would have “enough”. 

“I think the great value here is creating a tool which over time 
can either in an organized way or a random way accumulate 
tons and tons of data… it doesn't matter in a sense where 
[volunteers] go, how long they stayed there, what they did, the 
data is coming together. And eventually we have a picture that 
represents the cumulative experience of the community.”  
– Alex, Community Organization Leader 

The reality on the ground was that these campaigns were 
often “data first, questions later”, personal interests and 
availability of volunteers often trumped focused agendas, 
and the data collection method was often poorly suited to 
the data collection goals. Accordingly, the resulting data 
was of limited use from all perspectives, being poorly 
suited to answer either scientific or community questions. 

Leveraging the Data 
Many citizen science projects expect citizens to not only 
gather data, but to explore and use it as well. However, such 
activities may be more difficult and less common than 
traditionally assumed. In all of our studies that involved 
data collection, citizen groups made relatively little 
progress in leveraging the data. Previous research has often 
proposed collaborative visualization [27] and its associated 
discussion tools are as means to focus and direct citizen 
activity [33,57]. Our research team provided the 
participants with user-friendly, custom tools, but the 
limitations of the tools and the limitations of the computer 
and analytic skills of the participants were both challenges. 

Participants in the Citizen Scientists and Student Scientists 
studies gradually converged on the following types of 
analysis: (1) noticing the “baseline” level for a given day 
(e.g., “today was mostly 17s but yesterday was mostly 6s”); 
and (2) noticing where “spikes” (i.e., high PM values) 
occurred and inferring that locations with repeated spikes 
might be hotspots. Much focus in citizen science 
environmental monitoring is on hotspots, and it is indeed 
recognized that research is needed because the health 
effects of hotspot exposure are not well understood [11]. 
Searching for hotspots was fun and engaging – for example, 
one participant reported that PM levels were elevated near a 
taco truck. However, while participants had a number of 
theories about possible explanations for elevated levels and 
captured contextual information about potential sources 
during surveys, little progress was made on reproducing 
data or modifying study design to further investigate 
problem areas or provide credible evidence of causes.  

In addition to their own analyses, EIP and EBAYS drew on 
a member of the research team to assist with analysis. 
Ultimately, participants presented preliminary data in some 
venues, but usually framed it as an example of what might 
be possible with these methods rather than an actual result. 

ALIGNING SCIENCE WITH PARTICIPANT MOTIVATIONS 
We now consider the alignment of participant motivations 
and capabilities with the ideal types of citizen science. 
Framing narratives from these ideal types suggest that:  
(1) citizens will play a role in the scientific process – 
designing studies and analyzing data (professional science), 
(2) citizens will collect the types of data that are needed, in 
the locations where data is needed (crowdsourcing), and  
(3) citizens will take action and use the data that is collected 
for advocacy (local action). We argue that while our 
participants had some natural interest in performing these 
duties, their predominant interests lay elsewhere (at least 
initially). However, participants’ interests were often 
sufficiently aligned with the desired science outcomes that 
carefully designed interventions could still leverage them. 

Professional science. As described in our findings above, 
participants had moderate motivation to participate in data 
collection and limited motivation and capacity to participate 
in pre- and post- data collection tasks such as study design 
and data analysis. Individuals may appear disinterested in 
specific processes and analyses (“low incidence of public 
engagement in research tasks outside of data collection, 
management, and analysis” [55]), but their individual and 
collective motivations are generally still rooted in the 
(anticipated) relevance of the findings. Capacity for data 
collection was mixed, but our experience has been that 
complexity of the equipment itself is perhaps the least of 
problems. Although individuals may have limited ability to 
do infrequent complex tasks (as when regulatory workers 
observe that “citizens can’t use complex equipment” [5]), 
with training they can successfully execute detailed 
processes [37]. While volunteers often have limited time, 
attention, and skills, most did in fact execute well when 
correct procedures and attention to detail were clearly 
established and reinforced.  

The most serious capacity issues related to complex 
problems and “big picture” thinking – identifying and 
troubleshooting issues with complicated equipment, 
designing effective procedures and study plans, ensuring 
that data aligns with goals, analyzing data, etc. Individuals 
may not be very good at formulating questions or 
understanding how to answer them, but that does not mean 
they do not have their own interests. These interests tended 
not to be abstract intellectual curiosity or emotional 
engagement with the environment (as posited by prior 
research [39]), but were instead concrete and personal. 

Crowdsourcing. Citizen participants were capable of 
performing the extensive data collection envisioned in this 
narrative, but were not always motivated to do so. 
Participants were primarily interested in collecting 
personally relevant data, and had limited incentives to 
gather data for aggregation or general scientific purposes.  

Local action. As noted earlier, participants were not 
generally motivated to take action (although the 
organizations were more interested in doing so). Moreover, 
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both the participants and the organizations had fairly 
limited capacity to leverage the data for advocacy. 
However, while individuals may not understand precisely 
how data can be used in science or policy, they were also 
not entirely comfortable delegating to the scientists which 
outcomes the data should serve. 

As hybrids of the ideal types, most of citizen science genres 
presume that citizens will readily embrace tasks that are 
more complex than those our participants tolerated. 
Designers may want to carefully target a very narrow band 
of activity (with just the right amount of participation and 
learning) so that citizens’ can “do” science and advocacy 
with relatively low investment and barriers. 

IMPLICATIONS FOR DESIGN  
Past research has suggested that the main opportunities for 
design for citizen science are tools for data-sharing (e.g., 
[41]) and collaborative sensemaking (e.g., [33]). Given the 
discussion above, we believe that more basic systems-level 
questions inevitably play a large role in the viability of 
participatory sensing systems. From a technical perspective, 
an ideal sensing system would involve no user intervention 
(ideal ease-of-use) and would provide individual readings 
that would be perfectly accurate, precise and repeatable. 
Yet, in practice, sensing technologies are imperfect, which 
creates tensions between the goals of the various data-
centric practices. As a result, organizers, designers, and 
scientists must be cognizant of participant motivations and 
tailor systems and processes accordingly–sometimes in 
ways that look different from stereotypical formulations of 
citizen science.  

Designing for Professional Science 
High per-measurement (datum) quality typically requires 
higher-cost equipment and/or higher skill on the part of data 
collectors. As we saw our Citizen Scientists study, both 
requirements tend to result in fewer measurements. As we 
have seen, this can lead to reduced spatial and temporal 
coverage, which can make analysis difficult and reduce 
participant motivation. As a result, where research must 
rely on distributed data collection to deliver high-quality 
data, systems should be designed explicitly to guide and 
incentivize consistent collection procedures. Tracking 
provenance and process, supporting in-situ validation, and 
encouraging participant awareness of analyses can all help 
ensure data quality remains high [43].  

Designing for Crowdsourcing 
In theory, a massive data collection campaign can achieve 
all goals, since large numbers of lower-quality 
measurements could approximate a more accurate sensing 
system. However, using this approach, failing to reach a 
critical data density will also result in a failure to meet all 
other goals. As we have seen, citizens who spend time and 
effort to take physical measurements tend to be concerned 
with the environment around them – their families, their 
immediate neighborhood, etc. If the measurements taken 
around the surveyors’ areas of interest are very sparse, they 
may have little value. Even with denser coverage, 

aggregated measurements may not produce good estimates 
if sufficient spatial coverage is not achieved. In either case, 
local action goals will not be met, and meeting science 
goals will be challenging. This suggests that networks of 
low-accuracy sensors carried by volunteers (like those 
deployed in the Sensing Citizens study) may not be an ideal 
solution for large-scale collection. Instead, resources might 
be better spent developing low-cost, high-accuracy, fixed 
sensors, and building dense sensing networks that can meet 
the needs of both individuals and scientists.  

Designing for Local Action 
Because environmental problems usually arise from 
proximity to industrial activity, the citizens involved in 
action campaigns typically have lower average income and 
education levels than stereotypical “expert amateurs”. As a 
result, action organizations often value science activities as 
opportunities for education and community engagement. 
Given the challenges associated with obtaining high-quality 
and high-coverage data via citizen collection, citizen action 
campaigns may benefit from alternative models that reduce 
the dependency between data collection and engagement. 
Rather than relying on citizen participants to gather 
essential baseline data, these organizations may be better 
off collecting data via other means, and creating 
opportunities for public participation on top of that data. 

CONCLUSION 
In this paper, we have examined the citizen science 
experience from the perspective of citizen participants. 
Drawing on four interlocking qualitative studies and 
technological interventions, we have identified a number of 
ways in which citizen motivations, capacity, and goals are 
poorly aligned with scientific agendas. The reality on the 
ground was far from the commonly held view that citizen 
science systems are a win-win for citizens and science. 
Rather, data acquisition involves complex multi-
dimensional tradeoffs, and efforts that fail to consider these 
tradeoffs can result in data that is not useful to either 
citizens or science. We illustrated these tradeoffs with a 
framework of citizen science genres, which can inform 
priorities for intervention and invention. In light of these 
findings, technologies and participatory methods that can 
bridge the gap between citizen and scientific stakeholders 
represent a promising goal for citizen science research. 

ACKNOWLEDGMENTS 
We gratefully acknowledge the support of Brian Beveridge, 
Margaret Gordon, Cassandra Martin, and all of our other 
collaborators at the West Oakland Environmental Indicators 
Project (WOEIP), as well as Tony Marks-Block and the 
staff and students at the East Bay Academy for Young 
Scientists (EBAYS). We also thank our Common Sense 
collaborators Neil Kumar, Alan Mainwaring, Chris Myers, 
Steven Rousso-Schindler, and Sushmita Subramanian for 
their contributions to the technological interventions. We 
are grateful to Intel for its generous support for this work.  

HCI and Collective Action CHI 2017, May 6–11, 2017, Denver, CO, USA

3147



REFERENCES 
1. John C. Abbott and Damon Broglie. 2005. 

OdonataCentral. com: a model for the web-based 
delivery of natural history information and citizen 
science. American Entomologist 51, 4: 240–243. 

2. Tarek Abdelzaher, Yaw Anokwa, Péter Boda, Jeff 
Burke, Deborah Estrin, Leonidas Guibas, Aman 
Kansal, Samuel Madden, and Jim Reich. 2007. 
Mobiscopes for human spaces. IEEE Pervasive 
Computing 6, 2: 20–29. 
https://doi.org/10.1109/MPRV.2007.38 

3. AirCasting.org. The AirCasting Platform. Retrieved 
July 22, 2016 from http://aircasting.org/ 

4. AirQualityEgg.com. Air Quality Egg: Community-led 
Sensing Network. Retrieved July 22, 2016 from 
http://airqualityegg.com/ 

5. Paul M. Aoki, R.J. Honicky, Alan Mainwaring, Chris 
Myers, Eric Paulos, Sushmita Subramanian, and 
Allison Woodruff. 2009. A Vehicle for Research: 
Using Street Sweepers to Explore the Landscape of 
Environmental Community Action. Proceedings of the 
SIGCHI Conference on Human Factors in Computing 
Systems  (CHI ’09): 375–384. 
https://doi.org/10.1145/1518701.1518762 

6. Philip Bell, Bruce Lewenstein, Andrew W. Shouse, 
and Michael A. Feder (eds.). 2009. Learning Science 
in Informal Environments. Committee on Learning 
Science in Informal Environments; Board on Science 
Education; Center for Education; Division of 
Behavioral and Social Sciences and Education. 
National Academies Press, Washington, D.C. 
Retrieved July 15, 2016 from 
http://www.nap.edu/catalog/12190 

7. Hugh Beyer and Karen Holtzblatt. 1997. Contextual 
Design: Defining Customer-Centered Systems. Morgan 
Kaufmann, San Francisco, CA, USA. 

8. Benjamin Bratton and Natalie Jeremijenko. 2008. 
Suspicious Images, Latent Interfaces. Architectural 
League of New York, New York. 

9. Karin Knorr Cetina. 1999. Epistemic Cultures: How 
the Sciences Make Knowledge. Harvard University 
Press, Cambridge, MA. 

10. Jeffrey P. Cohn. 2008. Citizen Science: Can 
Volunteers Do Real Research? BioScience 58, 3: 192. 
https://doi.org/10.1641/B580303 

11. Committee on Air Quality Management in the United 
States; Board on Environmental Studies and 
Toxicology; Board on Atmospheric Sciences and 
Climate; Division on Earth and Life Studies; National 
Research Council. 2004. Air Quality Management in 
the United States. National Academies Press, 

Washington, D.C. Retrieved July 15, 2016 from 
http://www.nap.edu/catalog/10728 

12. Caren B. Cooper, Janis Dickinson, Tinas Phillips, and 
Rick Bonney. 2007. Citizen science as a tool for 
conservation in residential ecosystems. Ecology and 
Society 12, 2. 

13. Jason Corburn. 2005. Street science: community 
knowledge and environmental health justice. MIT 
Press, Cambridge, MA. 

14. Steve Costa, Meena Palaniappan, Arlene K. Wong, 
Jeremy Hays, Clara Landeiro, and Jane Rongerude. 
2002. Neighborhood knowledge for change: The West 
Oakland environmental indicators project.  

15. Dana Cuff, Mark Hansen, and Jerry Kang. 2008. Urban 
sensing: Out of the Woods. Communications of the 
ACM 51, 3: 24–33. 
https://doi.org/10.1145/1325555.1325562 

16. Pingkuan Di, Carolyn Suer, Greg Harris, Bonnie 
Soriano, Michele Houghton, Nicole Dolney, Andy 
Alexis, Chengfeng Wang, Shuming Du, and Alvaro 
Alvarado. 2008. Diesel Particulate Matter Health Risk 
Assessment for the West Oakland Community. 
Retrieved July 15, 2016 from 
http://www.arb.ca.gov/ch/communities/ra/westoakland
/westoakland.htm 

17. Carl DiSalvo, Marti Louw, Julina Coupland, and 
MaryAnn Steiner. 2009. Local issues, local uses. In 
Proceeding of the ACM Conference on Creativity and 
Cognition (C&C ’09), 245–254. 
https://doi.org/10.1145/1640233.1640271 

18. Carl DiSalvo, Phoebe Sengers, and Hrönn 
Brynjarsdóttir. 2010. Mapping the landscape of 
sustainable HCI. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems  
(CHI ’10) (CHI ’10), 1975–1984. 
https://doi.org/10.1145/1753326.1753625 

19. Paul Dourish. 2010. HCI and environmental 
sustainability. In Proceedings of the ACM Conference 
on Designing Interactive Systems (DIS ’10) (DIS ’10), 
1–10. https://doi.org/10.1145/1858171.1858173 

20. Sam Droege. 2007. Just because you paid them doesn’t 
mean their data are better. In Citizen Science Toolkit 
Conference, 13–26. 

21. Dick Duker, Michael Basso, Kurt Malone, Ken 
Crysler, and Mark Stoelting. 2010. 2009 Air 
Monitoring Network Report.  

22. Prabal Dutta, Paul M. Aoki, Neil Kumar, Alan 
Mainwaring, Chris Myers, Wesley Willett, and Allison 
Woodruff. 2009. Common Sense: participatory urban 
sensing using a network of handheld air quality 
monitors. In Proceedings of the ACM Conference on 

HCI and Collective Action CHI 2017, May 6–11, 2017, Denver, CO, USA

3148



 

Embedded Networked Sensor Systems (SenSys ’09), 
349–350. https://doi.org/10.1145/1644038.1644095 

23. EPA. 2012. Volunteer Monitor’s Guide to Quality 
Assurance Project Plans. Environmental Protection, 
841: 1–2. 

24. Fred N. Finley and M. Cecilia Pocoví. 2000. 
Considering the scientific method of inquiry. Inquiring 
into Inquiry Learning and Teaching in Science: 47–62. 

25. Danaë Stanton Fraser, Hilary Smith, Ella Tallyn, Dave 
Kirk, Steve Benford, Duncan Rowland, Mark Paxton, 
Sara Price, and Geraldine Fitzpatrick. 2005. The 
SENSE Project: A Context-inclusive Approach to 
Studying Environmental Science Within and Across 
Schools. In Proceedings of the Conference on 
Computer Support for Collaborative Learning (CSCL 
’05) (CSCL ’05), 155–159. 

26. Carl Hartung, Adam Lerer, Yaw Anokwa, Clint Tseng, 
Waylon Brunette, and Gaetano Borriello. 2010. Open 
Data Kit: Tools to Build Information Services for 
Developing Regions. In Proceedings of the ACM/IEEE 
Conference on Information and Communication 
Technologies and Development (ICTD ’10) (ICTD 
’10). https://doi.org/10.1145/2369220.2369236 

27. Jeffrey Heer, Fernanda B Viégas, and Martin 
Wattenberg. 2007. Voyagers and Voyeurs: Supporting 
Asynchronous Collaborative Information 
Visualization. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems 
(CHI ’07) (CHI ’07), 1029–1038. 
https://doi.org/10.1145/1240624.1240781 

28. R.J. Honicky, Eric A. Brewer, Eric Paulos, and 
Richard White. 2008. N-SMARTS: Networked Suite 
of Mobile Atmospheric Real-time Sensors. In 
Proceedings of the SIGCOMM workshop on 
Networked Systems for Developing Regions (NSDR 
’08), 25–30. https://doi.org/10.1145/1397705.1397713 

29. Alan Irwin. 1995. Citizen Science: A Study of People, 
Expertise and Sustainable Development. Routledge, 
London. 

30. Joseph “Jofish” Kaye, David Holstius, Edmund Seto, 
Brittany Eddy, and Michael Ritter. 2012. Using NFC 
phones to track water purification in Haiti. In Extended 
Abstracts of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’12 Extended 
Abstracts), 677–690. 
https://doi.org/10.1145/2212776.2212839 

31. Sunyoung Kim, Jennifer Mankoff, and Eric Paulos. 
2013. Sensr. In Proceedings of the ACM Conference 
on Computer Supported Cooperative Work (CSCW 
’13) (CSCW ’13), 1453–1462. 
https://doi.org/10.1145/2441776.2441940 

32. Tracy Lee, Michael S. Quinn, and Danah Duke. 2006. 
Citizen, science, highways, and wildlife: Using a web-
based GIS to engage citizens in collecting wildlife 
information. Ecology and Society 11, 1. 

33. Kurt Luther, Scott Counts, Kristin B. Stecher, Aaron 
Hoff, and Paul Johns. 2009. Pathfinder: An Online 
Collaboration Environment for Citizen Scientists. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’09) (CHI ’09), 
239–248. https://doi.org/10.1145/1518701.1518741 

34. Meredith Minkler and Nina Wallerstein (eds.). 2011. 
Community-Based Participatory Research for Health: 
From Process to Outcomes. Jossey-Bass. 

35. Greg Niemeyer, Antero Garcia, and Reza Naima. 
2009. Black cloud: patterns towards da future. 
Proceedings of the ACM International Conference on 
Multimedia: 1073–1082. 
https://doi.org/10.1145/1631272.1631514 

36. Oded Nov, Ofer Arazy, and David Anderson. 2014. 
Scientists@Home: What Drives the Quantity and 
Quality of Online Citizen Science Participation? PLoS 
ONE 9, 4: e90375. 
https://doi.org/10.1371/journal.pone.0090375 

37. Gwen Ottinger. 2010. Buckets of resistance: Standards 
and the effectiveness of citizen science. Science, 
Technology & Human Values 35, 2: 244–270. 

38. Meena Palaniappan, Diana Wu, and Jacki Kohleriter. 
2003. Clearing the Air: Reducing Diesel Pollution in 
West Oakland. Pacific Institute, Oakland, CA. 
Retrieved July 26, 2016 from 
http://pacinst.org/publication/clearing-the-air/ 

39. Eric Paulos, R.J. Honicky, and Ben Hooker (eds.). 
2009. Citizen Science: Enabling Participatory 
Urbanism. IGI Global. https://doi.org/10.4018/978-1-
60566-152-0.ch028 

40. Danial Qaurooni, Ali Ghazinejad, Inna Kouper, and 
Hamid Ekbia. 2016. Citizens for Science and Science 
for Citizens: The View from Participatory Design. In 
Proceedings of the 2016 CHI Conference on Human 
Factors in Computing Systems (CHI ’16), 1822–1826. 
https://doi.org/10.1145/2858036.2858575 

41. Sasank Reddy, Gong Chen, Brian Fulkerson, Sung Jin 
Kim, Unkyu Park, Nathan Yau, Junghoo Cho, Mark 
Hansen, and John Heidemann. 2007. Sensor-Internet 
Share and Search — Enabling Collaboration of Citizen 
Scientists. ACM Workshop on Data Sharing and 
Interoperability on the World-wide Sensor Web, 
Section 3: 11–16. 

42. Dirk S. Schmeller, Pierre Yves Henry, Romain 
Julliard, Bernd Gruber, Jean Clobert, Frank Dziock, 
Szabolcs Lengyel, Piotr Nowicki, Eszter D??ri, 
Eduardas Budrys, Tiiu Kull, Kadri Tali, Bianca Bauch, 

HCI and Collective Action CHI 2017, May 6–11, 2017, Denver, CO, USA

3149



Josef Settele, Chris Van Swaay, Andrej Kobler, 
Valerija Babij, Eva Papastergiadou, and Klaus Henle. 
2009. Advantages of Volunteer-Based Biodiversity 
Monitoring in Europe. Conservation Biology 23, 2: 
307–316. https://doi.org/10.1111/j.1523-
1739.2008.01125.x 

43. S Andrew Sheppard and Loren Terveen. 2011. Quality 
is a Verb : The operationalization of data quality in a 
citizen science community. Proceedings of the 
International Symposium on Wikis and Open 
Collaboration (WikiSym ’11): 29–38. 
https://doi.org/10.1145/2038558.2038565 

44. K Shilton, N Ramanathan, S Reddy, V Samanta, J 
Burke, D Estrin, M Hansen, and M Srivastava. 2008. 
Participatory Design of Sensing Networks: Strengths 
and Challenges. In Proceedings of the Conference on 
Participatory Design (PDC ’08), 282–285. 

45. Jennifer L. Shirk, Heidi L. Ballard, Candie C. 
Wilderman, Tina Phillips, Andrea Wiggins, Rebecca 
Jordan, Ellen McCallie, Mathew Minarchek, bruce C. 
Lewenstein, Marianne E. Krasny, and Rick Bonney. 
2012. Public participation in scientific research: a 
framework for intentional design. Ecology and Society 
17, 2: 29. https://doi.org/10.5751/ES-04705-170229 

46. Scott A. Snook. 2002. Friendly Fire. Princeton 
University Press, Princeton, NJ. 

47. Susan Leigh Star and James R. Griesemer. 1989. 
Institutional Ecology, `Translations’ and Boundary 
Objects: Amateurs and Professionals in Berkeley’s 
Museum of Vertebrate Zoology, 1907-39. Social 
Studies of Science 19, 3: 387–420. 
https://doi.org/10.1177/030631289019003001 

48. H. Tangmunarunkit, J. Kang, Z. Khalapyan, J. Ooms, 
N. Ramanathan, D. Estrin, C. K. Hsieh, B. Longstaff, 
S. Nolen, J. Jenkins, C. Ketcham, J. Selsky, F. 
Alquaddoomi, and D. George. 2015. Ohmage: A 
General and Extensible End-to-End Participatory 
Sensing Platform. ACM Transactions on Intelligent 
Systems and Technology 6, 3: 1–21. 
https://doi.org/10.1145/2717318 

49. Sylvia Noble Tesh. 2000. Uncertain Hazards: 
Environmental Activists and Scientific Proof. Cornell 
University Press. 

50. Jonathan E. Thompson. 2016. Crowd-sourced air 
quality studies: A review of the literature & portable 
sensors. Trends in Environmental Analytical Chemistry 
11: 23–34. https://doi.org/10.1016/j.teac.2016.06.001 

51. Deborah J. Trumbull, Rick Bonney, Derek Bascom, 
and Anna Cabral. 2000. Thinking scientifically during 
participation in a citizen-science project. Science 
Education 84, 2: 265–275. 
https://doi.org/10.1002/(SICI)1098-
237X(200003)84:2<265::AID-SCE7>3.0.CO;2-5 

52. L.S. Vygotsky. 1980. Mind in Society: The 
Development of Higher Psychological Processes. 
Harvard University Press. Retrieved from 
https://books.google.fr/books?id=Irq913lEZ1QC 

53. Max Weber. 1949. “Objectivity” in social science and 
social policy. The methodology of the social sciences 
78: 50–112. 

54. Andrea Wiggins and Kevin Crowston. 2011. From 
Conservation to Crowdsourcing: A Typology of 
Citizen Science. In Hawaii International Conference 
on System Sciences, 1–10. 
https://doi.org/10.1109/HICSS.2011.207 

55. Andrea Wiggins and Kevin Crowston. 2012. Goals and 
Tasks: Two Typologies of Citizen Science Projects. In 
Hawaii International Conference on System Sciences, 
3426–3435. https://doi.org/10.1109/HICSS.2012.295 

56. Candie C. Wilderman. 2007. Models of Community 
Science: Design Lessons From the Field. In Citizen 
Science Toolkit Conference. 

57. Wesley Willett, Paul Aoki, Neil Kumar, Sushmita 
Subramanian, and Allison Woodruff. 2010. Common 
sense community: Scaffolding mobile sensing and 
analysis for novice users. In International Conference 
on Pervasive Computing, 301–318. 
https://doi.org/10.1007/978-3-642-12654-3_18 

58. Allison Woodruff, Jay Hasbrouck, and Sally Augustin. 
2008. A Bright Green Perspective on Sustainable 
Choices. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems (CHI ’08), 313–
322. https://doi.org/10.1145/1357054.1357109 

 

 

HCI and Collective Action CHI 2017, May 6–11, 2017, Denver, CO, USA

3150




