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I. Introduction: 
Citizen Science and ALLARM



What is citizen (community) science?

• Citizen science is  partnership between 
professional scientists (university, 
agency, or industry) and volunteers 
(residents) to systematically document 
and analyze an environmental condition 
of concern or interest. 

• The primary goal of all community 
science is to produce “useful” data. 



Alliance for Aquatic Resource 
Monitoring (ALLARM)

• Founded in 1986 as a project of the 
Environmental Studies Department at 
Dickinson College, the Alliance for 
Aquatic Resource Monitoring provides 
technical support to communities to 
help them use science as a tool to 
investigate their stream health concerns.

• ALLARM employs 12-15 students during 
the school year who are actively 
involved in community collaboration, 
educational workshops, laboratory 
analysis, policy research, stream testing, 
and outreach.  We have four 
professional staff and one faculty 
science advisor.

http://www.dickinson.edu/allarm

http://www.dickinson.edu/allarm


ALLARM’s major projects





II. A taxonomy of operational models for public 
participation in scientific research (PPSR)

• There are a variety of successful operational models for 
community science.

• These models differ in their goals, the nature and scope of 
the projects, the extent of community control over the 
definition and implementation of the project, and the 
outcomes.



Models have shared challenges

• Recruiting and training volunteers

• Ensuring data quality

• Managing large data sets

• Getting volunteer-collected data 
accepted and used by various 
audiences



Models have shared outcomes

Research findings
Science education

Community action



But models also have differences in terms of 
goals and outcomes

• Geographic scope of projects 
• Roles of the scientists and volunteers in the 

process
• Intended audience
• Strength of science outcomes
• Strength of education outcomes
• Actionability of outcomes 
• Strength of capacity-building

Different goals and intended outcomes 
require different operational models



In response to a request by the NSF, 
the Center for Advancement of 
Informal Science Education (CAISE) 
established an Inquiry Group to: 

 describe models for 
community science;

 understand and describe the 
impacts of each model; and 

 make recommendations for 
developing future activities 
that will enhance community 
science.

The Center for Advancement of Informal Science Education 
(CAISE)

Bonney, R., Ballard, H., Jordan, R., 
McCallie, E., Phillips, T., Shirk, J., and 
Wilderman, C.C.

http://informalscience.org/documents/PPSR%20report%20FINAL.pdf

http://informalscience.org/documents/PPSR%20report%20FINAL.pdf


The Inquiry group determined that the best way to categorize 
different operational models is by examining the roles of 
professional scientists and volunteers in each step of the 
scientific process (Wilderman 2007, Bonney et al. 2009).

The group coined the term “public participation in scientific 
research (PPSR)” to include all models.



Developing a taxonomy for the various models for 
community science can be informed by examining the 
answers to the following questions (Wilderman 2007):

• Who defines the problem?
• Who designs the study?
• Who collects the data?
• Who interprets the data?
• Who communicates the results (tells 

the story)?
• Who takes action?

As the model moves from top-down to bottom-up, the number of 
questions addressed by “community members,” rather than “professional 
scientists” increases.  



Steps in Scientific Process Contributory Collaborative Co-created

Who defines the 
problem?

Choose or define 
question(s) for study? X

Who designs the 
study?

Gather information and 
resources X

Develop explanations 
(hypotheses) X

Design data collection 
methodologies (X) X

Who collects the 
data?

Collect samples and/or 
record data X X X

Analyze samples X X

Analyze data (X) X X

Who interprets the 
data?

Interpret data and draw 
conclusions (X) X

Who communicates 
the results and takes 
action?

Disseminate 
conclusions/translate 
results into action

(X) (X) X

Increasing participation of the public
X= community participation



Contributory Projects (Citizen-Science)
• Top-down, scientist-driven
• Issues studied usually have a 

wide geographic range
• Volunteers are primarily data 

collectors or providers

Steps in Scientific Process Contributory

Choose or define question(s) 
for study
Gather information and 
resources
Develop explanations 
(hypotheses)
Design data collection 
methodologies
Collect samples and/or record 
data X

Analyze samples

Analyze data (X)

Interpret data and draw 
conclusions
Disseminate 
conclusions/translate results 
into action

(X)

Discuss results and ask new 
questions

X= community participation

Monarch Larvae 
Monitoring Project (U 
Minn)

Spotting the Weedy 
Invasives (Rutgers U), 



Co-created Projects  
(Community-based Participatory Research or 

Participatory Action Research)
•Bottom up, community-driven
•Issues are usually local 
•Volunteers participate in all steps of 
the scientific process

•Mentoring tools are customized to
meet the needs of each group.

Steps in Scientific Process Co-created

Choose or define 
question(s) for study X

Gather information and 
resources X

Develop explanations 
(hypotheses) X

Design data collection 
methodologies X

Collect samples and/or 
record data X

Analyze samples X

Analyze data X

Interpret data and draw 
conclusions X

Disseminate 
conclusions/translate 
results into action

X

Discuss results and ask 
new questions X

X= community participation

Participants in the Louisiana Bucket 
Brigade monitor air quality in 
fenceline communties.   



Collaborative projects 
(a large variety of hybrids)

Steps in Scientific Process Collaborative

Choose or define question(s) for 
study
Gather information and 
resources
Develop explanations 
(hypotheses)
Design data collection 
methodologies (X)

Collect samples and/or record 
data X

Analyze samples X

Analyze data X

Interpret data and draw 
conclusions (X)

Disseminate 
conclusions/translate results 
into action

(X)

Discuss results and ask new 
questions

Community Health Effects of 
Industrial Hog Operations

Air Sensor 
Toolbox (EPA)

X= community participation



Comparison of inputs for contributory 
and co-created models

It is generally agreed that 
maintaining a co-created 
project requires more 
intensive input on the 
part of the “scientists” 
than a contributory 
project, primarily because 
of the different goals and 
outcomes.  

Co-created Contributory

Recruitment and maintenance 
of volunteers

Recruitment and maintenance 
of volunteers

Training of volunteers
Problem identification
Study design
QAPP development
QA/QC program
Data collection methods
Data management
Data interpretation
Data dissemination
Data action support

Training of volunteers

Data collection methods

Development of QA/QC 
program

Development of QA/QC 
program

Programmatic support

Continuous communication 
and follow-up

Continuous communication 
and follow-up



Strength analysis of model outcomes

Research findings
Science education

Community action



Graphic 
depiction 
of strength 
analysis of 
outcomes
of three 
models1

Science Education

Research Results

Community action

Co-created

Research Results

Science Education

Community action

Collaborative
(variable)

Science Education

Community action

Contributory

Research Results

1This strength analysis is 
based on evaluative data, as 
far as they exist for the 10 
projects in the CAISE report.



III.  The use of non-traditional data

Reese, G. C. and S. K. Skagen (2017). “Modeling 
nonbreeding distributions of shorebirds and waterfowl in 
response to climate change.” Ecol Evol 7(5): 1497-1513.



A few examples of how data have been used

Co-created projects 

• Developing grant proposals for 
restoration projects

• Developing watershed fact sheets 
for public education

• Working with landowners to 
implement “best management 
practices”

• Developing conservation easement 
programs

• Upgrading stream protection status
• Removing dams
• Implementing stream and riparian 

zone restoration projects
• Using data to advocate for sound 

land use decisions by local 
municipalities

Contributory projects

• Scientifically documenting large 
and small-scale changes in 
ecosystem dynamics and 
publishing results in literature

• Supporting and enhancing 
traditional data collected by 
agencies and universities



The Chesapeake Monitoring Cooperative (CMC):  integration of 
citizen and other non-traditional data in the Chesapeake Bay Program

• 6 Year Initiative funded by EPA
• Goal: To integrate all data of known quality collected by diverse 

monitoring partners to better understand the health of the Bay 
watershed and to inform watershed management decisions and 
restoration efforts.

Supported through a cooperative agreement with the EPA 
Chesapeake Bay Program; ACB CB96334901 – Citizen and Non-
traditional Monitoring. 

The challenge is how to integrate “non-traditional” 
data into more traditional databases



2016 Preliminary site coordinates of
nontraditional monitoring

Traditional Sites

Nontraditional Sites

How should we think about 
integrating these data from 
multiple sources?



(1) All data of known quality are useful
To ensure that data are of known quality, 

documentation of methods and QA/QC protocol 
must be included in the metadata.

Training workshops

ALLARM’s QA/QC lab

Monitoring 
manuals:  
ALLARM “toolkit”



(2) The data end use must match the data quality
Ideally, data users establish rules for data quality for each kind 
of data use. Often these are expressed as “tiers” and are helpful 
for data users to navigate different data qualities.

TIERS Intended data use

TIER 1 Education 
Environmental health screening

TIER 2 Tier 1
Environmental health report cards 
Targeting of management options

TIER 3 Tier 1 and 2
Regulatory assessment of water quality standards 
attainment

These particular tiers have been established by the Chesapeake 
Monitoring Cooperative for the Chesapeake Bay Program.  Several 
states have also established tiers for volunteer data, including: 
Virginia, Missouri, Michigan, Alabama, and Indiana.



Tier 1 data requirements and uses

Tier Data requirements Examples of data use

1 Clearly documented 
monitoring 
methodology, site 
locations, and written 
study designs.

 Provide information to educate residents;
 Indicate potential pollution hot spots; 
 Target restoration projects; 
 Help inform local land use decisions.



Tier Data requirements Examples of data use

2 Program, at minimum, 
has an approved 
volunteer monitoring 
Quality Assurance 
Project Plan (QAPP). 

 Use for Bay Program report cards;
 Use to help target stream segments for 

further assessments;
 Track the performance of TMDL 

implementation projects; 
 All uses identified in Tier 1.

Tier 2 data requirements and uses



Tier Data requirements Examples of data use

3 EPA or CBP approved 
QAPP and participation 
in field and lab audits.

 Use for water quality standard  attainment 
purposes; 

 Use for Clean Water Act 305 (b) reports; 
 Use for Clean Water Act 303 (d) listing and 

delisting;

Tier 3 data requirements and uses



When the data are included in a database, they will now 
have a tier designation (as well as other documentation in 
the form of metadata) to help the data user match the end 
use to the known data quality



IV.  The importance of deliberate design



One size does not fit all when it comes to operational 
models for PPSR: 

Begin with the end in mind

• Projects engaging communities in 
scientific research must be deliberately 
designed to:

Fit the scope of the project

Produce the desired set of outcomes in 
terms of research, education and 
community action

Work within the constraints of resources 
available



What special attributes of volunteer water monitoring 
make it uniquely well-suited to a bottom-up, 
community-based approach?

• Narrow geographical range (in our backyard)
• High social relevance (problems matter to us)

• Problems are actionable (there are solutions)

These attributes provide the necessary motivation for 
volunteers to stick with steep learning curves needed 
to fully engage in the scientific process, and to produce 
sound science.



What special attributes of studying bird migration or 
phenology patterns make them uniquely well-suited 
to a top-down, scientist-centered approach?

• Broad geographical range (global)
• High intrinsic interest (lots of folks love to “bird watch” and keep 

nature notes)

• Problems require complex data management and analysis 
(important role for scientist)

These attributes allow volunteers to contribute in a 
more independent manner, shaping their activity to 
their own level of interest and needs.  



Builds community 
capacity to continue 
even after experts and 
monies are gone

Volunteers can shape 
the interpretations 
based on their own 
knowledge and can use 
the data;  levels the 
playing field in decision-
making

Requires time, 
patience, and 
commitment for 
complex training
process

Grant money runs 
out, scientists leave, 
activities end

Only experts can use 
the data; volunteers 
are dependent on 
them

Immediate, 
reliable, scientific 
results

SustainabilityDemocracy
“knowledge is power”

EfficiencyOperational 
Model

In the gathering of scientific knowledge using 
community science, there is a trade-off between 
efficiency on the one hand and democracy and 
sustainability on the other hand.

Top Down

Bottom Up



A Note on Hybridization

• Projects at the extremes 
have particular strengths, 
but also limitations

• Combining attributes of the 
extreme end models results 
in maximizing the potential 
for realizing strengths in all 
three outcome categories

(Wilderman and Shirk, 2010)



Suggestions for enhancing contributory projects

• Involve public in study design
• Hold regional training workshops 

to develop skills of data 
interpretation and analysis

• Provide tools for simple 
visualization and analysis

• Have participants develop their 
own questions and support more 
local projects

• Train volunteers to utilize data for 
action

Suggestions include ways to 
expand the public involvement in 
the scientific process, thereby 
strengthening the educational and 
community action outcomes.   



Suggestions for enhancing co-created projects

• Work together to design and 
develop regional and national 
databases 

• Enhance educational support 
materials such as online videos 
and identification keys

• Partner with professional 
scientists to encourage 
publication of results in scientific 
journals

Suggestions include ways to 
expand the geographic 
scope of the monitoring and 
to encourage the publication 
of scientific data; thereby 
enhancing the research 
strength of the project.



V.  Summary
• Operational models for community science can be categorized based on 

the extent of community control over the definition, implementation and 
outcomes of the project.

• The nature of inputs and the strength of outcomes differ among the 
models.

• Citizen science data of known quality can be used in a variety of ways. 
Dividing end uses into tiers and providing strong metadata can aid the 
process of integrating non-traditional data into agency/university 
databases.  

• Models must be deliberately designed based on the goals for outcomes 
and the available inputs of the project.  As data from citizen science 
projects becomes more broadly accepted and valued, hybridization of 
project types has potential to enrich the field.  
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Thanks

• Special thanks to Susan Wierman 
for organizing this session and  
inviting me to speak with you today.  

Questions?
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