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geographically dispersed resources and members who work
toward common goals through cyberinfrastructure. Key characteristics of this phenomenon and context are familiar in
CSCW research, and most citizen science projects resemble
the Community Data Systems and Open Community Contribution Systems models of scientific collaboratories [3].
Related research underscores the importance of understanding how organizational, task, and technology design requirements interact to affect participation and the scientific value
of the work [13, 18]. However, suitable theoretical models
are still needed to make sense of such complex phenomena
and to provide a framework for further research.

ABSTRACT

This paper introduces a conceptual framework for research
on citizen science, a form of collaboration involving scientists and volunteers in scientific research. Designing CSCW
systems to support this type of scientific collaboration requires understanding the effects of organizational and work
design on the scientific outcomes of citizen science projects.
Initial directions for future research are identified, with the
goal of developing a foundation for research on and development of cyberinfrastructure and collaborative technologies
for supporting citizen science
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MOTIVATION

Citizen science projects conducted via web technologies are
a form of massive virtual collaboration, based on voluntary
contributions by diverse participants. Citizen science projects
have some distinctive differences from other open production contexts that affect the processes and outcomes of participation. Designing CSCW systems to support this type of
scientific collaboration requires understanding the effects of
organizational and work design on the scientific outcomes of
citizen science projects.

INTRODUCTION

Research which relies upon data about the natural world, and
indeed the universe, is often hindered or rendered impossible by the high cost of data collection and analysis. In
these areas, which include a wide array of environmental
sciences, astronomy, and even genetics, scientific progress
cannot keep pace with the demand for knowledge to address
increasingly urgent global-scale problems. The real-world
problems that fall into this category typically depend on either massive data sets that cannot be automatically generated, data collected over longer periods of time or wider geographic areas, or large-scale analyses that require human
perceptual competencies; they range from climate change
to the search for cures for cancer. To address these issues,
as well as many other questions spanning a variety of disciplines, scientists are now employing citizen science as a
solution to enable scientific research that is not feasible by
any other means.

Citizen Science

The practice of citizen science is related to long-standing
programs of volunteer monitoring for natural resource management, and projects are increasingly focused on balancing
scientific and informal education goals. Public participation
in scientific research can take a variety of forms; the dominant form of citizen science projects, found in the biological
and environmental sciences, has focused primarily on monitoring ecosystems and wildlife populations (e.g., butterflies,
birds). In these Community Data Systems, volunteers form a
human sensor network for distributed data collection [5, 2].
By contrast, in projects organized by astronomers, such as
NASA’s Clickworkers [11], volunteers provide data analysis service by applying basic human perceptual capacities to
computationally difficult image recognition tasks, in keeping with an Open Community Contribution System model.
In many citizen science projects, more meaningful inclusion

Citizen science projects involve the public with scientists in
collaborative research. Many are virtual organizations, with
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of volunteers in the scientific process arises through interaction, direct or indirect, with professional researchers; for
example, the GalaxyZoo project’s research into “green peas”
galaxies came about at the insistence of volunteers who campaigned in the project’s forums to “Give Peas a Chance” [1].
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This type of organizational and work design is not new to
science, but ubiquitous computing now makes broad public
participation in scientific work a realistic research strategy
for an increasing variety of projects. The evidence is clear
that under the right circumstances, citizen science can work
on a massive scale and is capable of producing high quality
data as well as unexpected insights and innovations [2, 19],
particularly when coupled with traditional scientific studies.
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Citizen science projects are similar in some respects to massive virtual collaborations, but have scientific goals that pose
particular constraints on task design. For example, assuring the reliability of data collection is critical to the value
of a scientific project, but not a matter that can necessarily
be left to the “wisdom of crowds”. A number of projects,
such as GalaxyZoo and the North American Bird Phenology
Program, evaluate the contribution quality through multiple
independent ratings; however, these and other similar mechanisms for validation are not yet in widespread use in the
practitioner community. Including volunteers in scientific
research projects also results in very different distributed organizational structures than those of scientific collaboratories, raising new challenges for scientists to manage [13].
For example, the design of scientific collaboratories may
tacitly assume that participants have comparable and high
levels of skill and will contribute relatively equally. This
is rarely the case for citizen science volunteers, who have
widely varying levels of skill or knowledge, and contribute
at levels differing by orders of magnitude. Combined, these
factors raise unique concerns for designing CSCW systems
to support citizen science.
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Figure 1. A conceptual model of citizen science virtual organizations.

this initial framework, synthesizing elements from organizational design, sociology and management with small group
theory helps describe the antecedents of knowledge production in citizen science.
We organize our conceptual framework as an input-mediatoroutput-input (IMOI) model [10]. Inputs are the starting conditions, including member characteristics and project/task
characteristics [9]. Mediators represent factors that mediate the influence of inputs on outputs, divided into two categories: processes and emergent states. Processes represent
dynamic interactions among team members, leading to the
outputs, which are task and non-task outcomes of team activity. Emergent states are constructs that characterize dynamic
team properties, which vary by context.

CONCEPTUAL FRAMEWORK

For our conceptual framework, shown in Figure 1, we chose
to analyze citizen science projects as work teams, comprised
of individuals acting as a social entity embedded in a larger
organization and performing interdependent tasks [7]. A
team differs from a community of practice because members
have a shared output, instead of applying common practices
to individual, independent tasks. A citizen science project
has a shared goal and social identity, and interdependencies
usually take the form of volunteers depending upon staff
for training, frequently in collocated contexts for localized
projects, and researchers depending upon volunteer contributions to data and analysis. Adopting this perspective allows us to draw from the extensive research on small groups,
providing a theoretical starting point for further development. At the same time, the wide variations in the structure of social interaction and interdependency in many citizen science projects is not adequately encompassed by small
group models. In future revisions of this initial model, we
expect to better address these discrepancies through empirical research, currently in an early stage of development. In

Inputs

Inputs are the starting conditions of a project; at the individual level, both staff and volunteers come to the project
with diverse demographics, levels of skill, and motivations
for their individual contributions to the project. While demographics and skills will vary, prior research has consistently
identified a set of common motivators that may have differential effects on individual experiences and performance
[12, 16, 4].
At the organizational level, we focus on the effects of organizational, task and cyberinfrastructure technology design. Organizational design is a key point of differentiation between
citizen science projects and other scientific collaboratories.
These configurations vary widely, ranging from a single PI
with a research assistant to an inter-organizational network
of federal agencies, academic researchers and nonprofit organizations, each with different goals and resources to contribute. However, the overall structure is likely to mirror
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agement processes often associated with nonprofit management, e.g., recruitment, training, supervision, recognition,
and retention of volunteers [16].

the core/periphery structure that describes many distributed
projects with volunteer contributors: a core of highly involved project leaders, surrounded by a larger group of active volunteers and a still larger group of occasional contributors [6]. One important difference in citizen science
projects is that there are often formal status differences that
separate these groups: most core participants likely have
graduate training and formal roles, while other participants
are lay volunteers.

Emergent States

Emergent states are dynamic properties of the group that
vary as a function of inputs and processes. Potentially relevant emergent states that include task-related factors that
describe the state of the group in terms of its progress on the
scientific task, as well as social factors that describe social
states of the group that enable that work [13]. Research on
other kinds of virtual organizations has identified the importance of interpersonal relationships that affect the sense of
group community, and thus long-term sustainability [15].

The second organizational input, “task design”, encompasses
several related concepts. Task design in this context includes
the research design for the project, the job design for individual participants, and the task design for citizen science
protocols, which must reflect careful consideration of job design and task design [5, 19]. Organizational design theories
link individual-level inputs and outputs (motivation and performance) to the task design, as do theories of volunteerism
[16].

At the individual level, the evolution of volunteers through
different roles in the group, from initial volunteer through
sustained contributor, and potentially to more central roles,
is relevant to organizational design. A related concern is
volunteers’ level of commitment to the project and how it
influences task performance [4]. Understanding how these
factors affect the social and technological barriers to and enablers of participation is important for effective technology
and work design.

Finally, technology design and use is of particular interest
given the potential of cyberinfrastructure to support citizen
science, especially for data management. In many cases, traditional place-based volunteer monitoring practices are being adapted for virtual participation with limited consideration of the change in context from face-to-face to virtual,
which often involves moving from analog to digital technologies. Study designs and volunteer protocols for virtual
citizen science projects may require applying a different set
of design criteria to ensure scientifically valid results and
sustainable participation. These issues are even more salient
for projects involving large numbers of participants, as the
scale of the activity fundamentally alters the types of relationships that scientists are able to forge with volunteers.
Understanding the range of interactions between such diverse end users and technologies that support the scientific
research is important to creating usable, robust CSCW systems for collecting useful independent contributions by distributed volunteers [14].

At the individual level, the input elements of organizational,
task and technology design affect motivation and participation of distributed volunteers [12, 17]. At the project level,
they may transform the means of production of scientific
knowledge, shaping the demand for supporting cyberinfrastructure and potentially transforming organizational design.
Outputs

Finally, outputs represent task and non-task consequences
of group activity, signaling effectiveness. At the individual
level, the task outputs are contributions, most often raw or
processed data. In addition to the individual-level outputs,
outputs at the project level include scientific knowledge created from the data. Innovative findings, processes and tools
can also emerge from involving the public in scientific research.

Processes

In the IMOI model, the inputs are conceptualized as influencing the effectiveness of projects through two sets of moderators, processes and emergent states. Processes are the
dynamic interactions among group members leading to outputs. In this context, volunteer involvement varies widely,
and may include tasks at almost any stage of the scientific
research process. Understanding these work practices is the
first key to designing CSCW systems to support knowledge
production and innovation in citizen science.

Hackman’s model of group effectiveness [8] also includes
non-task outputs. Satisfaction of individual participants’ needs,
such as individual learning and personal satisfaction, are measures of effectiveness closely related to the educational mission of many citizen science projects. Finally, Hackman
also includes the group’s continued ability to work together,
speaking to project sustainability; a project is not effective
if it achieves a research goal but drives away participants in
the process.

At the organizational level, the processes include those of
scientific research itself. The nature of the research will
have an important influence on the kinds of data and analysis required, and the mapping of tasks to actors with different roles. Similarly, data management processes have a significant impact on project outcomes, particularly for interorganizational projects that must ensure interoperability and
reliability of data created by volunteers. Finally, a unique
aspect of this context is the applicability of volunteer man-

An important feature of the IMOI model is that outputs become future inputs to the dynamic processes. Positive personal outcomes can motivate future participation, and individual learning can increase ability to contribute. Positive project outputs may lead to increased interest from researchers and volunteers alike. At the societal level, project
success may affect public participation in and perception of
science, create informal learning opportunities, and enable
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knowledge production at an unprecedented pace and scale
[19, 5].
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In summary, synthesizing elements of prior research on small
groups with contextually relevant theory provides a theoretical foundation for future research on and development of
technologies to support massive virtual collaboration in scientific research. Differences between prior work and the
context of citizen science suggests the need to validate the
applicability of existing theory and search for possible extensions, raising a number of questions for future research.
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Foremost among these questions is to what degree these projects
truly resemble small groups, communities of practice, and
crowdsourcing; this issue is particularly important for further revision of the conceptual framework presented here.
In addition, the increasing number of virtual citizen science
projects raises concern over the translation of analog to digital participation; often the extent of the adaptation is creation of an online data submission form that directly mimics paper data forms and provision of presentation slides for
training purposes, but it is questionable whether these materials and related research protocols are crafted to overcome
the lack of direct interaction. Further investigation is also
needed to better understand the nature of the volunteer experience, which influences related factors that directly impact
outcomes, such as who chooses to volunteer, what they are
willing to do, how long they remain involved, and the quality
of their contributions.
The paper contributes a multi-level design-oriented conceptual model of participation in citizen science virtual organizations, and identifies initial directions for inquiry into the
phenomenon. Finally, it provides a basis for future research
on and development of cyberinfrastructure and collaborative
technologies for supporting citizen science.
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