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Preface 
 

The field of open collaboration brings together different strands of open collaboration research 
and practice, seeking to create synergies and inspire new collaborations between people from 
computer science, information science, social science, humanities, and everyone interested in 
understanding open collaboration and how it is changing the world. The OpenSym conference is 
a premier publication venue in the field and has reached its fifteenth edition this year. 

To facilitate new researchers with an arena to present and receive feedback on their research, the 
OpenSym conference has had a doctoral consortium for several years. The principle objective of 
the consortium is to provide doctoral students the opportunity to present their research at various 
stages of production – from early drafts of their research design to near completion of their 
dissertation – in a forum where they can receive constructive feedback from a community of 
interested scholars and other students as they work to finish their degree. This volume contains 
the three papers, each of which was reviewed by members of the program committee. After the 
doctoral consortium, authors were given the opportunity to revise their papers based on the input 
they received from the reviewers and participants who provided feedback during the event. 

This volume contains the revised versions of the papers, which were presented and discussed at 
the Doctoral Consortium at the 15th International Symposium on Open Collaboration, in Skövde, 
Sweden on 19 August 2019. 

We wish to thank the reviewers and members of the program committee of the doctoral 
consortium who have provided valuable feedback on the papers. We also thank all Ph.D. students 
for their participation. Finally, we are grateful for the financial support from the TOTO project 
(University College Cork, Ireland) which is funded by the Lewis Charitable Foundation (USA). 
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Open science hardware: towards more democratic science
and technology in Latin America?

Julieta C. Arancio
CENIT-UNSAM; Universidad Nacional de Quilmes

Buenos Aires, Argentina
jarancio@unsam.edu.ar

ABSTRACT
Open Science Hardware (OScH) refers to the practice of shar-
ing the designs of tools used for scientific research so anyone
can obtain, assemble, use, study, modify, distribute and sell
them[12]. OScH growth is evidenced by the upsurge of ini-
tiatives, communities, specialized journals, publications and
platforms worldwide during the last five years[20][31]. Ac-
tivists claim OScH democratizes science and technology espe-
cially in Global South contexts; however, how OScH practice
enables this transition still remains mainly unexplored. This
thesis, in data collection stage, aims to analyze democrati-
zation in OScH initiatives in Latin America by combining a
socio-technical transitions framework with categories from
social movements, feminist studies, user innovation litera-
ture and the capabilities approach. We expect to gain under-
standing on how OScH strategies can foster more and more
diverse participation and empowerment around science and
technology in a Global South context, and propose an analytic
framework for studying transitions towards democratization
in socio-technical systems.

ACM Classification Keywords
B.m. Hardware: Miscellaneous; K.4.m. Computers and Soci-
ety: Miscellaneous

Author Keywords
Open hardware; open science; democratization; Latin
America.

INTRODUCTION
Open Science Hardware (OScH) refers to the practice of shar-
ing the designs of tools used for scientific research, so anyone
can obtain, assemble, use, study, modify, distribute and sell
them[12]. OScH practitioners present a diversity of mind-
sets, including free software philosophy, do-it-yourself cul-
ture, hacker culture and Appropriate Technology among oth-
ers[24]. Similar to other domains such as Open Education,

This student paper is released under the Creative Commons Attribution 4.0
International (CC-BY 4.0) license. Author reserves her rights to dissem-
inate the work on personal and corporate web sites with the appropriate
attribution.

OpenSym Doctoral Consortium, Aug 20–22, 2019, Skovde,
Sweden

Open Access to scientific research or Open Pharma, OScH can
be considered part of the open and collaborative production
phenomena, enabled by massification of internet access[6].

OScH expansion in the last five years is evidenced by an
exponential growth in number of publications, projects and
diversity of domains[20], emergence of global and local com-
munities[12] and creation of specialized infrastructure such as
journals[16][11] and documentation platforms.

Drivers behind this trend include lower fabrication costs due
to access to digital fabrication tools like 3D printing, access
to specialized Free Open Source Software for hardware de-
sign and cheaper electronic components, combined with lower
knowledge barriers due to design and expertise sharing, facili-
tated by internet access and open licensing[17].

Open Science Hardware uses
One of the domains where OScH has flourished is education,
greatly influenced by the irruption of the Arduino community.
Originally created for teaching interactive design, Arduino
boards are currently used in robotics, labware, STEM edu-
cation[27] among many others. Heradio et al.[20] identify a
growing trend of publications about OScH in education since
2007, in an early stage oriented towards engaging students and
facilitating women inclusion in STEM subjects; from 2010 on,
moving towards enhancing university education and lowering
research costs using OScH.

Other domain where OScH is gaining popularity is academic
research. Since 2012, when Joshua Pearce published an early
paper[29] on how to build scientific equipment with open
source hardware, an exponential number of projects have ap-
peared in the most diverse domains: microscopy[4], analytical
chemistry[15], microfluidics[2], nanotechnology[14], agricul-
ture[8], medical appliances[26].

A paradigmatic case within academia, the European Orga-
nization for Nuclear Research (CERN) has been developing
and implementing open source hardware in the Large Hadron
Collider control systems since 2009[40]. It has also released
the CERN Open Hardware License in 2011[3] and maintains
the Open Source Hardware Repository[10], which hosts both
CERN and non-CERN projects.

Open science hardware is also used in extra-academic con-
texts, blurring the limits of expertise[33]. Examples include
community-based environmental monitoring[7], community
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networks for development of synthetic biology projects[13]
and projects combining art, science and activism[39].

Challenges and opportunities
Challenges for OScH scaling include limited funding due to
dominance of the IP model among private funders and public
agencies, slow dissemination due to OScH’s distributed nature
and resistance to adoption at the institutional level[31]. On top
of these, other difficulties identified by the community include
the need of better calibration methods and quality standards,
development of successful business models, how to increase
diversity in the community and methods to lower even more
the current access barriers for users[12].

In terms of benefits, advocates claim OScH makes research
processes more efficient: it lowers costs, enables repairing and
customization of tools, minimizes dependence from suppliers,
increases reproducibility and fosters user innovation[25]. Be-
sides these efficiency-related benefits practitioners also high-
light the potential of OScH as a democratization force of sci-
ence and technology, in some cases linking it explicitly to the
concept of appropriate technology[30]. Especially in Global
South countries, arguments are OScH enables co-creation pro-
cesses and capacity building, facilitates research in resource-
constrained contexts and provides tools for new voices from
community science to emerge[23].

RESEARCH PROBLEM
As mentioned in the introduction, OScH advocates claim it
presents multiple advantages in diverse areas. Those associ-
ated to efficiency have been widely explored[29][4][25]. How-
ever, how OScH practice can enable a transition to more demo-
cratic knowledge production processes still remains mainly
unexplored.

The main goal of this thesis is to determine if OScH initiatives
in Latin America constitute a feasible niche for science and
technology democratization in the region. We decompose this
goal in four research questions:

1. RQ1: which are the framings, contexts and visions in OScH
initiatives in Latin America that define them as an alterna-
tive niche of science and technology production?

2. RQ2: which are the resources mobilized and strategies
developed by OScH initiatives in Latin America?

3. RQ3: who participates and who doesn’t in OScH initiatives
in Latin America, and how is agency distributed between
participants?

4. RQ4: how do learning processes in OScH initiatives in Latin
America translate into capacity building and empowerment
of participants?

RELATED RESEARCH
OScH as a field of study is recent, but references to partic-
ipation, democratization and collaboration can be found in
related fields such as open innovation, open design or Do-It-
Yourself/maker studies.

The following research is related to the topic of OScH and
democratization of technology:

Tanenbaum et al.[37] describe how initiatives from maker cul-
ture present elements of ’democratized technological practices’
which challenge traditional conceptions of technology user,
and begin to form a politics of appropriation. Authors cate-
gorize these democratic elements in terms of i) playfulness,
ii) decisions around tool use, iii) leveraging of industrial in-
frastructures around materials and standards, iv) learning and
knowledge sharing.

Kera[23] studies how OScH global platforms can be consid-
ered examples of ’geek diplomacy’. The author defines it
as grassroots involvement in science which bridges various
knowledge and infrastructural divides, to create a more inclu-
sive R&D response to challenging global multidimensional
issues. According to the author, democratic features of OScH
are increased participation, co-creation and collaboration, de-
centralization of research infrastructure and empowerment in
terms of assessing risks, making decisions and formulating
new context-relevant research questions. In this way OScH
builds a public sphere for free deliberation and enables techno-
logical empowerment which is material, discursive and social.

Bonvoisin et al.[9] analyze documentation of open hardware
projects online in order to determine how participative they
are in terms of transparency, workload distribution, number
of contributors and (de)centralization. Results of repository
mining show distributed development in two thirds of projects
analyzed and different forms of organization similar to those
studied in Free Open Source Software projects.

ANALYTIC FRAMEWORK
OScH proposes a distributed, open and collaborative paradigm
of science hardware production in opposition to the current
closed and centralized approach, tied to Intellectual Prop-
erty (IP). Through the lens of socio-technical transitions the-
ory[32][22] and its multi-level perspective categories -niche,
regime, landscape-[19] we aim to analyze if OScH in Latin
America constitutes a viable niche for change from the current
IP regime to a new configuration of actors, practices, regula-
tions, artifacts and their links; and which dynamics that change
may take according to modifications in the wider political, cul-
tural and economic background -the landscape level-.

The innovations associated with OScH practice are more com-
plex than mere technological enhancements: the changes pro-
posed are value-driven, powered by a common vision resulting
from the interaction and negotiation between multiple hetero-
geneous mindsets. In order to study this complexity we use
categories from social movements literature[38][5], in partic-
ular from grassroots innovation movements[36][21]. These
allow us to analyze the visions and motivations within fram-
ings in the OScH community, the contexts in which these
framings arise, the strategies, resources and spaces operated
by the community to achieve its vision and how it can con-
tribute to the creation of alternative pathways that otherwise
would not exist.

Advocates claim OScH democratizes science: it “allows a
diversity of values and voices to ask research questions and
to make technology”, “more people and more types of peo-
ple can take part in and benefit from science”, it “empowers
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Figure 1. Scheme of analytic framework showing main goal, research
questions, main literature and categories used

people to achieve their ideas at low cost”. In order to turn
the idea of democratization of technology[18][35] into oper-
ative categories for analysis, we take concepts from feminist
studies[1][28][41], user-led innovation literature[17] and the
capabilities approach[34], all of which are anchored in the
users’ perspective.

First we ask about diversity and power: users who participate
in OScH projects and non-users; agency distribution among
them and how they interact with technology through the arti-
facts’ scripts. Second, we want to understand participation:
we look at models of interaction between users and between
projects, degrees of openness of product and process, and de-
grees of (de)centralization. Last, we aim to analyze, at the
user level, if learning processes within OScH projects lead to
capacity building, how conversion factors affect this process,
and if it translates into empowerment through agency.

The analytic framework of this thesis, as shown in Figure 1, is
therefore a combination of three main themes: socio-technical
transitions theory, social movements literature and democrati-
zation of technology, the latest made operative through three
user-centered approaches: feminist studies, user innovation
literature and capabilities approach.

METHODOLOGY
Methodology of this project includes a combination of quali-
tative and quantitative approaches, using primary sources of
information such as interviews, online surveys and field notes
together with valuable metadata about OScH projects available
in online repositories.

Initial activities included a comprehensive literature review
on open science hardware, its main uses, opportunities, chal-
lenges and significant features; definition of the analytic frame-
work combining categories from different bodies of literature
to understand viability of OScH as a niche towards democrati-
zation of socio-technical systems, and methodological design
of the project.

Empiric analysis activities included:

1. We built a database of OScH projects in Latin America from
public information on attendance to the Global Open Sci-
ence Hardware (GOSH) community gatherings combined
with data from online forums, journals and repositories.

2. We carried on exploratory interviews to participants of
GOSH 2017 gathering in Santiago, Chile.

3. We interviewed 14 members of the Global Open Science
Hardware community in 2018, with the aim of reconstruct-
ing its origins and understand better the global actors’ fram-
ings, motivations and strategies.

4. Insights from exploratory interviews were used as input for
the design of an online survey, sent to all identified OScH
projects in Latin America (still open).

5. Results of this survey were used to enrich the original
database, detect a preliminary typology and select five cases
to be studied more deeply through semi-structured inter-
views, starting May 2019.

Each case will contain a qualitative analysis structured accord-
ing to the categories of the analytic framework complemented
with a section for descriptive statistics and social network
analysis. To complement the regional analysis with a global
perspective we will include for each case an analysis of a
similar global initiative, and in the macro level a chapter on
the history of the Global Open Science Hardware community,
enriched with data analysis from online sources.

As per commitment to open science values and methodolo-
gies, this project constitutes in itself an effort for develop-
ing the whole research process as openly as possible. For
that purpose only free open source software tools are used
for reference management, interviews, data collection and
analysis. Evolution of the writing process can be followed
at https://github.com/thessaly/phd together with preliminary
versions of databases and code for analysis, taking into ac-
count consent and privacy according to GDPR standards. A
reflection on outcomes, opportunities and barriers encountered
during this process will be also included in the final text.

EXPECTED CONTRIBUTION
We expect to provide a comprehensive open survey of OScH
initiatives in Latin America, which is currently not available,
insights on the mechanisms and strategies put into play, identi-
fication of barriers and opportunities, and use it as a baseline
for making policy recommendations aimed to support OScH
initiatives in Global South contexts.

We expect to contribute to the Global Open Science Hardware
community with a document containing information on its
origins and an open and collaborative database powered by
WikiData showing actors, resources, strategies and networks,
that can be used for education, research and dissemination
purposes. A very basic example can be found in Figure 2.

We also expect the reflections on the process of writing a
Social Studies PhD in an open and collaborative way can
provide useful insights and motivation for future researchers
in the field.
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Figure 2. A preliminary bubble graph showing frequency of OScH
projects in Latin America by field of work, using Wikidata Query Ser-
vice (https://w.wiki/5K7).

Finally, we propose a framework we consider valuable
for studying transitions towards democratization of socio-
technical systems, a phenomena that has gained relevance
in the last decades and researchers[18][35] consider will con-
tinue growing in the years to come.
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ABSTRACT 

Wikidata is one of the most edited knowledge bases which 
was launched in 2012. The contributing community, as 
shown by research, consists of humans and bots, with bots 
being the most active editors of Wikidata. Bots can edit 
larger amounts of data and at a higher pace than humans, 
thus, their edits can have considerable impact on data quality 
in Wikidata. Data quality as ‘fitness for use’ in the Wikidata 
context is the data that can be accessed by anyone anywhere 
in the world, and is partially implemented by allowing 
multiple values for an entity in the form of aliases, 
multilingual labels, multiple statements, claims and 
references (sources). This schema design for coexistence of 
diverse or contradictory statements is called plurality which 
is a design principle of Wikidata, and refers to the concept of 
knowledge diversity. Knowledge diversity supports 
Wikidata's overarching goal of becoming a global 
knowledge base through storage of knowledge without a 
judgment of good or bad. This research aims to study how 
data quality in Wikidata can be improved by improving 
knowledge diversity using bots.  
 

Author Keywords 
Knowledge diversity; Wikidata; Bot; Data quality.  

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous; See http://acm.org/about/class/1998 for the 
full list of ACM classifiers. This section is required. 

INTRODUCTION 
Wikidata, the sister project of Wikipedia, is a collaborative 
knowledge base, which is freely accessible and contains 
human-readable, as well as, machine-readable data. The 
main goal behind Wikidata development was to provide a 

                                                        
1 https://www.wikidata.org/wiki/Wikidata:Introduction 
2 https://www.wikidata.org/wiki/Wikidata:Statistics 

centralized structured data source for Wikimedia projects, 
and to overcome the data inconsistencies of Wikipedia. The 
keywords defining Wikidata are “free, collaborative, 
multilingual, secondary database, collecting structured data, 
support for Wikimedia Wikis and to anyone in the world1” 
which refers to the capability of representing diverse 
knowledge open for anyone anywhere in the world. Thus, 
data quality as `fitness for use' in this context can be to serve 
anyone anywhere in the world with data which is 
understandable (language), relevant (relates to geographical, 
values and religious context), usable (friendly UI) and 
available. Efforts have been made to improve 
multilingualism and make data understandable, however, 
results show that Wikidata is currently reflecting western 
knowledge and a majority of languages are not yet well 
covered[1][2][3]. In comparison to Wikipedia, which also 
allows knowledge diversity in form of different language 
versions of Wikipedia, Wikidata has all the information in a 
unified from[4]. In Wikipedia every language’s editors are 
free to add knowledge which is in the context of their own 
values (e.g. culture, language, religious beliefs and values). 
In Wikidata, data is stored in a language independent form, 
using ids where the letter Q succeeded by numbers (e.g., Q64 
for Berlin) is used for items and the letter P succeeded by 
numbers (e.g., P1082 for Population) is used for properties. 
Then, labels are used to provide information in a certain 
language. This uniform representation of diverse data raises 
the question, if all human knowledge without judgment of 
good or bad, can be represented in Wikidata. There are 
currently more than 54 million entities2 contributed by both, 
humans and bots. While, humans have an active community 
of around 20,000 active users, the majority of contributions 
come from bots which are much less in number (2703). This 
indicates a considerable impact of bots’ edits on the diversity 
and quality of data in Wikidata. Thus, further related issues 
for investigation are the current status of diversity in the 
existing knowledge which has mostly come from active 
contribution of bots, the impact of diversity on 

3 https://www.wikidata.org/wiki/Wikidata:Bots 
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trustworthiness and quality of data, and improvement of data 
quality in Wikidata through knowledge diversity.  

LITERATURE REVIEW 

Wikidata has been studied from different angles including 
data quality and bots, however, knowledge diversity in 
Wikidata is not yet given much attention and only 
multilingualism or language diversity dimension of Wikidata 
is explored so far.  In the following comes existing related 
literature on bots, data quality and knowledge diversity in 
Wikidata to present state-of-the-art in the field. 
 
Bots 
Bots are most commonly defined as software programs that 
automate tasks [5], usually repetitive [6] or routine tasks [7] 
which humans consider time consuming and tedious. 
Due to this general definition, it is a challenge to differentiate 
between bots and their similar counterparts like, scripts, 
programs, software agents, and robots.  Wikidata as the sister 
project of Wikipedia, besides other things from Wikipedia, 
has inherited the usage of bots as well.  
Steiner [8] aims to understand editing distribution of user on 
Wikidata and Wikipedia. His developed application observes 
real-time edit activity on Wikidata and tracks bots, logged-in 
and anonymous users. The study shows that most of 
Wikidata, i.e. 88\%, is edited by bots.  Müller-Birn et. al [5] 
study the community editing patterns of Wikidata through a 
cluster analysis of contributors' editing activities and identify 
six editing patterns of the participating community.  Hall et. 
al [9] develops a machine learning model to detect bots 
through informal editing characteristics and implicit 
behaviors. The importance of identifying bots is claimed by 
the fact that 2-3\% of the contributions (more than 1 million 
edits), considered as human contributions are actually 
coming from unidentified bots. This could be very damaging 
in case of vandalism. There are also researches on bots 
behaviors which study how bots use SPARQL query service 
and what are the bots editing patterns. Bielefeldt et. al [10] 
analyze the Wikidata SPARQL Query Service access logs 
and distinguish them between organic (i.e. human) and 
robotic traffic. The study shows that organic queries are more 
complex and diverse, while, robotic queries are simple and 
make the largest portion of the queries. 
Research shows that Wikidata has most of the edits done by 
bots, thus, it is important to monitor their tasks and analyze 
their impact. 
 
Data Quality 
Data quality is intended to be fitness for use, and in Wikidata 
it is mostly studied from a completeness perspective, as 

Prasojo et al. [11] develops “COOL-WD”, a tool for 
supporting the completeness lifecycle of Wikidata.  
Similarly, Ahmeti et al. [12] and Balaraman et al. [13] 
propose and develop Recoin, a relative completeness tool for 
evaluating completeness of entities in Wikidata.  Brasileiro 
et al.  [14] discuss the quality of taxonomic hierarchies in 
Wikidata to have a consistent data model and representation 
schema.  Piscopo et al. [15][16] analyze Wikidata quality 
from the provenance perspective, the relevance and 
authoritativeness of Wikidata external references.  
Razniewski et al. [17] introduce the problems and limitations 
of properties in Wikidata and propose entity-specific 
property ranking for Wikidata. 
 
Knowledge diversity 
Knowledge diversity in the context of knowledge bases 
needs further efforts and research. Diversity is defined by 
Giunchiglia et al.  as “the co-existence of contradictory 
opinions and/or statements (some typically non-factual or 
referring to opposing beliefs/opinions)”[18]. A number of 
the related diversity dimensions mentioned in [18] are  
diversity  of:  sources,  resources,  language,  view  point,  
geographical  and  temporal diversity.  Among the mentioned 
dimensions, multilingualism or diversity of language have 
been studied so far. 
Although, Wikidata supports language diversity by nature, 
research shows that not all languages have the same data 
representation state and only some languages like, English, 
Dutch, French, Deutsch, Spanish,  Italian, and Russian cover 
most of the content in Wikidata, while, other languages are 
not well represented [1]. In another study [19], authors 
propose a mechanism to enrich Wikidata multilingual 
content by retrieving semantic relations based on alignment 
between info-box properties and Wikidata properties in 
various languages, and “the outcomes mainly contribute 
these semantic relations back to Wikidata and Wikipedias, 
especially ones are based on the Latin alphabet”.   
 
HYPOTHESIS 
Data quality in Wikidata can be affected by bots, as they are 
doing most of the edits, thus, the assumption here is: bots 
edits have impact on knowledge diversity, and by improving 
knowledge diversity, data quality in Wikidata can be 
improved. 

The hypothesis contains three main issues (i.e., bots, 
knowledge diversity, data quality) in the context of Wikidata, 
and to address this hypothesis investigation is needed on how 
these issues relate to each other, how to measure diversity 
and quality of bot edits, how to improve knowledge diversity 
and, as a result, data quality. 
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PROPOSED SOLUTION 
To improve knowledge diversity in Wikidata, the proposed 
solution is intended to, first, investigate for a measurement 
approach to assess knowledge diversity in Wikidata, second, 
develop a recommender system which recommends different 
data diversity dimensions for editors to improve data 
diversity, and third, measure diversity aspect of data after 
application of recommender system, and compare the results 
of first and third steps to judge the improvements in 
knowledge diversity. 

METHODOLOGY 
The approach considered for this research is mainly divided 
in the following three perspectives:  

1. Theoretical Perspective: This stage includes survey of 
related literature on Wikidata, bots, data quality and 
knowledge diversity, to provide state-of-the-art in each 
area and define the hypothesis more precisely. 

2. Engineering Perspective: Based on the insights from 
the theoretical perspective, approaches are investigated 

to measure the existing levels of diversity, and based on 
the measurements, model the current knowledge 
diversity aspect in Wikidata. Then, analyze the current 
model to identify diversity gaps in Wikidata and 
propose approaches to improve the diversity model and 
refine the current model accordingly. 

3. Empirical Perspective: Based on the proposed model of 
diversity in Wikidata, a software (i.e., recommender 
system) is developed and tested to measure how 
diversity levels have changed in comparison to the 
results prior to software implementation. Then, analyze 
the final results with relation to the stated hypothesis. 

 

CURRENT STATE OF RESEARCH: 

I have so far performed a review of research on Wikidata and 
studied bots in Wikidata. 
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ABSTRACT
Would Wikipedia be one of the most visited websites in the
world if other online collaborative encyclopedia projects
had been more established when it was founded? Or was
Wikipedia helped by the fact that its predecessors had en-
gaged and trained hundreds of its future contributors? Do
new discussion communities on Reddit compete with one
another over content or contributors? Is the evolving world
of online organizations better understood as a competitive
struggle for resources or as symbiotic relationships that sup-
port a web of interdependent communities?
Established approaches to the comparative study of on-

line organization success have almost exclusively looked
inside organizations [e.g., 7, 11, 15, 16, 23]. But answering
the questions above requires an ecological understanding of
online organizations that accounts for the complex dynamic
interactions between communities and their environments.
Analyses of ecological factors in the life sciences enable

effective wildlife management, pest control, and sustainable
utilization of renewable resources. In sociology and man-
agement, organizational ecology provides compelling ex-
planations for the life-cycles of industries, organizational
specialization, and patterns of collaborative partnerships.
Similarly, ecology may offer designers and managers of on-
line organizations new conceptual and methodological tools
for sustaining platform ecosystems.
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2 PROBLEM DOMAIN
Online organizations are a dynamic, growing, and increas-
ingly important form of organization.1 Through peer produc-
tion, the Wikipedia has produced the largest collaborative
effort and most important reference work in human history.
Free/libre open source software (FLOSS) project have pro-
duced tens of billions of dollars worth of software made
freely available online [3]. Other online groups like Reddit
sometimes engage in peer production, and often provide
information, social support, and entertainment to millions
of people. Online platforms support millions of attempts to
organize projects or communities but only a tiny percentage
manage to mobilize participants and to sustain collaboration
[9, 10, 15, 18]. The significance of these accomplishments
should not be understated. Provisioning new categories of
global public goods like free software and encyclopedias is
a rare achievement for an organizational form that places
peer production in an elite class shared with governments,
markets, social movements, and universities.
Despite the success of peer production, the decline in ac-

tive contributors to Wikipedia motivates renewed attention
to the challenges of maintaining a pool of active contribu-
tors to an online organization [19]. Most prior studies of the
growth, survival, and success of online organizations have
focused almost exclusively on their internal features with an
emphasis on attracting and retaining participants [10, 11].
Consider Kraut et al.’s claim that people will contribute to
online groups when the benefits to them exceed the costs
[11]. Benefits of participation, such as intrinsic or extrinsic
motivations for contributing, and identity and bonds-based
commitments of participants to the group, in turn depend
on maintaining a critical mass of active contributors [11].
On the other hand, the size of online groups may also be

limited by the social structures and technical tools used to
manage quality and regulate behavior [7, 22]. An increasing
group size leads to increasing costs to participation and so
communities will grow to an equilibrium size at their car-
rying capacity. Butler considers costs of communication in

1Online organizations are also commonly called “online communities.” Be-
cause I am considering an organizational theory known as “community
ecology”, I choose the terms “online organization” and “online group” to
avoid confusion.
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larger groups [4] and the decline of Wikipedia suggests that
that systems for maintaining the established order and con-
tent quality impose high costs on inexperienced and under-
represented participants [7].

Yet evidence supporting such lifecycle-based accounts of
online organization success may be confounded by external
factors that can drive participation in online organizations.
Because this approach does not account for the fact that
contributor time and energy are finite, it cannot rule out
alternative ecological explanations including the presence
of competitors, an exhausted pool of potential participants,
and so on [19]. For example, the contemporaneous rise of
Facebook and other social networking sites remains a possi-
ble alternative explanation for Wikipedia’s transition from
rise to decline. As a result, we still do not understand how
the growth of online organizations is limited by these types
of external resources.

3 KEY IDEA AND RESEARCH QUESTIONS
This project proposes to develop an Ecological approach to
understanding online organization success that builds on
established approaches to the ecological study of biological
populations [24, 27] and organizations [8, 13]. No compe-
tent wildlife biologist predicting the survival of an animal
population would only consider the species’ internals and
physiology in isolation. Instead, they would consider the
availability of necessary resources like food and shelter, the
presence or absence of other organisms, and competitive
dynamics that might give the species an advantage. This
project’s overarching goal is to transform current under-
standings of the conditions for successful online organization
through an ecological analysis of the dynamic interactions
between organizations and their environments.

I will conduct three interlinked projects answering funda-
mental ecological questions: (1) How does the growth and
survival of online organizations depend on their ecologi-
cal communities? (2) How do ecosystems of online groups
themselves develop over time? (3) How do the choices of
individual participants in online organizations lead to ecolog-
ical dynamics? These three questions relate three different
levels of analysis: ecological communities (networks of inter-
dependent groups), the interdependent online groups that
comprise them, and the individuals who contribute to the
groups.

4 RELATEDWORK
This approach to online organizations is not altogether new.
Indeed a handful studies published in HCI have already taken
up the framework [20, 21, 26, 28, 29]. Most notable are a
series of of three related studies, [26, 28] and [29], that apply
density dependence theory from organizational ecology in
studies of three different community ecosystems. One of the

most striking findings from this work is that newly formed
Wikia wikis have greater longevity when they have many
early contributors who also participate in more established
wikis [29].

Prior applications of organizational ecology to online com-
munities that only translate theories from organizational
contexts to online communities have encountered surprising
results that suggest some specific open opportunities to study
how ecological dynamics depend on distinctive features of
the online environment. In two similar studies, [26] observe
evidence for competition between Usenet groups while [29]
observe evidence for mutualism between Wikia wikis. These
findings usefully illustrate how resource overlaps do not nec-
essarily lead to a given type of ecological relationship [24],
but importantly they also suggest that ecological dynamics
in online ecosystems may depend on factors specific to the
context and nature of online communities: the topic or iden-
tity associated with a community, the distinctive motivations
of online community organizers, characteristics of platforms
hosting communities, and the stage of the development of
ecological communities [26].
These ecological studies of online organizations in HCI

draw from population ecology, one of several strands of eco-
logical theory in organization science. Population ecology
focuses on the growth and survival of a single population of
organizations (such as firms with the same business model).
Therefore it assumes that the organizations under considera-
tion are interchangeable. But I think that online communities
are generally not interchangeable. Indeed it seems to me that
no two communities are alike. They each have their own
ecological niche. In this way, each community is more akin
to an ecological population than to an individual organism.
In contrast to population ecology, which “emphasizes

forces that make organizations more uniform rather than
more diverse,” community ecology focuses on the diverse
roles of each organization in the ecosystem [1, p. 224]. I draw
most directly on McPherson et al.’s application of the com-
munity ecology approach to study interdependent voluntary
organizations like churches, unions, and clubs to contribute
a new focus on the relationships (such as competitive or
mutualistic relationships) between them [12]. Indeed prior
studies have not attempted to model online environments in
terms of such dyadic interactions—a first step in community
ecology analysis [24].
Many other studies in approach relationships between

online groups, but without adopting an explicitly ecologi-
cal approach. Tan explores reproduction and inheritance in
online organizations and references ecology as an inspira-
tion, but doesn’t synthesize its empirical contributions into
a general theory of community growth or survival [20]. In
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general, such contextually focused empirical analyses of in-
terdependence [e.g. 5, 6, 25] are valuable contributions mak-
ing informative empirical contributions and demonstrate the
potential relevance of ecological modeling to online orga-
nizations, but more can be done to marshal the full power
of ecology to explain why some online groups grow and
survive while others do not.
These studies provide evidence suggesting that ecolog-

ical dynamics are important drivers of online community
outcomes, and that neglecting them is one reason that re-
searchers have had difficulty in understanding or predicting
outcomes. Explicating a theory of ecological dynamics in the
online environment requires going beyond straightforward
translation of theory from one domain into another. It re-
quires new theoretical development with careful attention
to how ecological dynamics that drive online organizations’
successes may diverge from those found in other domains.
Ecology has potential to provide new conceptual, analytical,
and computational tools to inform community leaders and
platform designers. More theoretically and empirically rig-
orous steps toward an ecology of online organizations are
overdue.

5 CONTRIBUTION TO HCI, SOCIAL COMPUTING,

AND PEER PRODUCTION

Conventional approaches to explaining online community
growth and survival in HCI are typically based in social psy-
chology and engineering. However, they account for only a
small amount of variation in communities’ growth, longevity,
and performance. This dissertation will contribute by draw-
ing ecological approaches from organization science as an
alternative approach.

In biology and organization studies, ecological approaches
have shown that success is largely—and sometimes overwhel-
mingly—a function of what others in an individual’s environ-
ment are doing [8]. From an ecological view, the individual
organism or online community cannot be fully understood
except through in its interdependence relations with others;
its function and role in the broader ecosystem [27].
Ecology also promises implications for the design and

management of online organizations. Analyses of ecological
factors in the life sciences enable effective wildlife manage-
ment, pest control, and sustainable utilization of renewable
resources. In sociology, organizational ecology provides com-
pelling explanations for the life-cycles of industries, organi-
zational specialization, and patterns of collaborative partner-
ships.

Similarly, an ecological understanding of online organiza-
tions can identify environmental conditions favoring projects
in given niches to suggest the creation of new communities
to fill them; predict how regulatory decisions that platforms

20
0

40
0

60
0

80
0

Diagram of fit and residuals for Seattle

0 50 100 150

−4
00

−2
00

0
10

0

0 2 4 6 8 10 12

0.
0

0.
4

0.
8

ACF Residuals

2 4 6 8 10 12

−0
.1

5
0.

00
0.

15

PACF Residuals

0
50

0
10

00
15

00

Diagram of fit and residuals for SeattleWA

0 50 100 150

40
0

0
20

0
40

0
60

0

0 2 4 6 8 10 12

0.
0

0.
4

0.
8

ACF Residuals

2 4 6 8 10 12

0.
15

0.
00

0.
15

PACF Residuals

Figure 1: Fit of VAR model to data from /r/SeattleWA and

/r/Seattle. The top plots show the data in black and themodel

fit in blue. The plot below that shows the residuals. The

small plots at the bottom are diagnostic plots showing that

the residuals are not serially correlated as consistent with

model assumptions.



OpenSym, August 2019, Skövde, Sweden Nathan TeBlunthuis

make through policy or code will affect the health of particu-
lar individual communities; simply by better explaining the
success and failure of communities in terms of forces beyond
those communities’ direct control, the ecological approach
can help us know whether we should attribute the success
or failure of given communities to their own choices or to
external forces which may drive their fates. In statistical
terms, ecological forces can confound observational studies
of online organizations. Finally, shifting our view of success
to focus on ecological dynamics can help the open collabo-
ration movement consider how to act collectively as a body
of disparate, but interrelated organizations.
In addition, this project will transfer advanced statistical

approaches to time-series analysis (briefly described below)
from ecology and social science to HCI.

6 EXECUTION PLAN

To answer my research question (1), I propose an analysis in
terms of the ecological relationships between communities
(i.e. competition and mutualism) and of their overlapping
human and topical resources. I will use a hierarchical vec-
tor auto-regression model (hVAR), a cutting-edge statistical
approach from ecology, finance, political science, and eco-
nomics to identify ecological relationships and their associa-
tions with user and content overlaps [2]. To answer research
question (2), I will extend the hVAR model to analyze how
these relationships change over time and test hypotheses
from ecology and organizational sociology which propose
that ecological communities become more stable over time.

I have already experimented with these kinds of models in
some preparatory work. I’ll briefly illustrate by this approach
using the two different subreddits about Seattle: /r/Seattle
and /r/SeattleWA.
The story of /r/SeattleWA and /r/Seattle is one of ecolog-

ical competition between communities with (at this point
I assume) a high degree of topical and user overlap. As a
small-time participant in these communities I have first-
hand knowledge of the rise of /r/SeattleWA in 2016.2 The
short story is that the /r/Seattle community rebelled against a
heavy-handed moderator and most members of /r/SeattleWA
defected to organize a new community at /r/SeattleWA. There-
after the two communities co-exist, with /r/Seattle having
around 800 active weekly contributors and /r/Seattle around
300. Figure 1 shows the fit of a VAR model to the time series
of active commentators to /r/Seattle and /r/SeattleWA.
As shown in Figure 2 The model predicts that an exoge-

nous shock to /r/Seattle causing a cumulative increase in
400 participants over 10 weeks is expected to cause a de-
crease of around 200 participants in /r/SeattleWA. Similarly,

2Also see https://www.seattleweekly.com/news/seattles-reddit-community-

is-big-active-and-at-war-with-itself/ for media coverage.
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Figure 2: The left plot shows how themodel predicts the two

communities would be effected by an exogenous increase in

participation in /r/Seattle and the right shows the response

from a comparable shock to /r/SeattleWA. Qualitatively, the

plot shows evidence of competition between the two com-

munities.
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an exogenous shock to /r/SeattleWA causing an increase of
around 500 participants over 10 weeks will cause a decrease
of around 200 participants to /r/Seattle. This illustrates how
I will identify competitive or mutualistic relationships, but I
will extend this approach to jointly identify the relationships
and learn whether they are more or less likely to occur under
membership and content overlaps.
For the research question (3) I will use an agent-based

model (ABM) to demonstrate how a parsimonious descrip-
tion of an individual decision making process can lead to em-
pirically observedmacro level patterns of community growth
and survival and of competitive andmutualistic relationships
between communities. Similar processes have successfully
been studied in this way. Perhaps most famously, Shelling
[14] developed a model to show that even a mild preference
for racial homophily, if sufficiently widespread, can lead to
stable patterns of racial segregation. ABMs have also been
used in ecological studies in the tradition of McPherson to
model how organizations that isolate their members to avoid
competition diminish their chances for recruitment and that
to survive organizations should adopt strategies with a level
of turnover appropriate to local environments [17].
I will evaluate my ABM in terms of its ability to produce

empirical patterns at high levels of analysis such as the par-
ticipation levels, community longevity, and the number of
communities in which individuals participate.
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