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Abstract. Crowdsourcing is an efficient way to engage the general public in
making contributions to the production of goods and services. Studies have
shown that observational crowdsourcing, as a continuous activity, has many po-
tential benefits to society. However, a major challenge is how to model a
crowdsourced activity. In this research, we provide guidelines for modeling ob-
servational crowdsourcing, focusing on user interfaces, data collection, data shar-
ing, and interoperability. These guidelines are represented and illustrated by the
application of a systemist ontology and the implications of doing so discussed.
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1 Introduction

The last decade has seen the rise of crowdsourcing, whereby an organization, or even
an individual sponsor, enlists members of the general public (the crowd, contributors)
to produce data, goods or services [1], [2]. One of the most popular types of
crowdsourcing is observational crowdsourcing; that is, “continuous, on-going process
that involves observing or sensing the broader environment” [3, p. 3]. Notable examples
include: eBird.org, a bird reporting project and one of the first online crowdsourcing
initiatives founded in 2002; iSpotNature.org, a global platform to collect sightings of
wildlife; and Rocksolid.com, a citizen engagement platform to support urban environ-
ment improvements. Observational crowdsourcing is widely used to support general
management of global problems, such as pandemics (including COVID-19 [4]), climate
change, overexploitation, invasive species, land use change, and pollution [5], [6].

Despite its potential, a major challenge is designing platforms is to engage crowds
in this type of crowdsourcing. There is a much recognized need “to support observa-
tional crowdsourcing with innovative data management solutions” [3, p. 10] that would
ensure decisions informed by available data, even when the insights are gained from
the general public, and to do so in an innovative and cost-effective way.

The objective of this research is to propose a conceptual modeling approach to ob-
servational crowdsourcing to address the challenges associated with modeling
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crowdsourcing activities and to derive guidelines for modeling such activities. To do
so, we apply principles from ontology to take a system view of the problem. The re-
sulting guidelines focus on user interfaces, data collection, data sharing, and interoper-
ability. The guidelines are presented using an upper-level ontology [7], the General
Systemist Ontology (GSO), which describes the most general, domain-independent cat-
egories of reality. We conclude by discussing the implications of our work and suggest-
ing future research opportunities.

2 Background: Observational Crowdsourcing and Ontology

Observational crowdsourcing continues to suffer from many challenges related to the
design, development, and effective use of crowdsourcing platforms. We focus on three
issues widely accepted as central challenges in observational crowdsourcing [8]-[10]:

o Crowd Information Quality Challenge— or CrowdIQ [11]. A major challenge in
observational crowdsourcing is ensuring that the data produced by online crowds are
of high-quality for subsequent analysis and action. From a modeling perspective, it
means having conceptual structures that facilitate accurate and complete data report-
ing, storage and retrieval.

o Crowd Usability Challenge. To ensure crowdsourcing engages wide and diverse
audiences, a major challenge is designing easy-to-use interfaces [12], which we call
“Crowd Usability”. From a modeling perspective, this translates to developing rep-
resentations that are both intuitive and accessible to many people.

o Crowd Interoperability Challenge. Many crowdsourcing projects, especially of a
scientific nature (online citizen science), seek to be maximally transparent and open
to allow for active data sharing, which we call “Crowd Interoperability.” From a
modeling perspective, it requires creating structures that promote interoperability.

Research increasingly seeks solutions to these challenges. Notable approaches to
Crowd Information Quality, for example, include restricting user participation to ex-
perts within crowds [13]; developing standardized protocols that can be distributed to
volunteers, along with tutorials and instructions [8]; and leveraging redundancy, for
example, by asking multiple participants to observe on the same phenomena and ag-
gregating the results [14]. Limitations of these approaches include expert crowds suf-
fering from “tunnel vision,” strictly adhering to the task at hand, and ignoring valuable,
unusual details [15]. Furthermore, restricting participation to experts misses an oppor-
tunity to engage with broader audiences.

Research is also exploring ways to improve Crowd Usability. One approach is to
design interfaces and collection protocols to be as simple as possible; that is, “to design
for dabblers” [12] or use very few and simple data collection options, referred to as
“basic classes,” such as bird, tree, or fish in the collection of wildlife observations [16].
Another modeling solution is to use novel instance-based modeling, which collects in-
formation in terms of unique instances and their attributes [17]. Potential limitations of
these approaches include limited expressivity of data based on simple domain models
and difficulty in using sparse and heterogeneous instance-based data.
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To address Crowd Interoperability issues, there are efforts to recommend adoption
of standardized protocols for data collection [18], but these remain contested [19], and
often have different interfaces and approaches to collecting the same types of phenom-
ena [20].

Additional progress on the three observational crowdsourcing challenges could be
made by adopting ontological foundations that can represent observation crowdsourc-
ing. Various ontologies have been adopted or developed within the IT research com-
munity, including DOLCE [21], Unified Foundational Ontology (UFO) [22], social on-
tology of Searle [23], General Formal Ontology [24], and the Bunge-Wand-Weber
(BWW) [25], [26]. Prior research has already used select notions from an ontology to
support crowdsourcing (e.g., [17], [19] which borrowed the notion of things and attrib-
utes from Bunge Wand Weber (BWW) [27]). However, no systematic attempt has been
made to ground observational crowdsourcing into a specific ontology.

3 General Systemist Ontology - GSO

General Systemist Ontology (GSO) [28] is a new ontology based on the more recent
ideas of Mario Bunge [29]. GSO appears to be especially well-suited for modeling ob-
servational crowdsourcing, as it explicitly deals with observations and systems [28].
GSO claims the world is made of systems: “everything is a system or a component of a
system” [30, p. 23]. (See Table 1 for some of GSO’s constructs). When systems inter-
act, they transfer energy from one another. This leads to change in states, as they acquire
or lose their properties. This produces events (a single change from one state to an-
other). Multiple events form processes: defined as “a sequence, ordered in time, of
events and such that every member of the sequence takes part in the determination of
the succeeding member” [31, p. 172].

Table 1. Selected constructs of the General Systemist Ontology, from [28]

Construct Definition Source
Fact whatever is the case, i.e., anything that is known or assumed - with | [28], p.
some ground - to belong to reality 171
Object whatever is or may become a subject of thought or action [28], p.
174
Observation purposeful and enlightened perception: purposeful or deliberate be- | [28], p.
(direct cause it is made with a given definite aim; enlightened because it is | 18]
observation) somehow guided by a body of knowledge.
Observation (indi- | hypothetical inference employing both observational data and hypoth- | [28], p.
rect observation) eses. 181
Phenomenon is an event or a process such as it appears to some human subject: itis | [28], p.
a perceptible fact. 173
System complex object every part or component of which is connected with | [27], p.
other parts of the same object in such a manner that the whole possesses | 2()5
some features that its components lack — that is, emergent properties.

Events, processes, phenomena, and concrete systems are instances of the mental con-
cept of fact. Facts are kinds of objects: “whatever is or may become a subject of thought
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or action” [31, p. 174]; that is, “known or assumed - with some ground - to belong to
reality” [31, p. 171]. Thus, through the notions of facts, GSO connects the fundamental
ideas about the composition of reality to the mental world of humans. This makes ob-
servation (direct or indirect) a central construct at the nexus of ontology and epistemol-
ogy. To further increase objectivity, especially when observations are those of humans,
Bunge suggests that “observation results of the same kind should be reproducible by
qualified observers; otherwise it should be kept in suspense. Exact duplication is desir-
able but not always attainable.” [31, p. 186]. GSO introduces phenomenological con-
siderations as well as the path from phenomena to human theories and mental models
about the world. This is a notable departure from BWW, which focuses on the physical
composition of reality (with the exception of the notions of classes and attributes, which
are also part of GSO).

4 Guidelines for Supporting Observational Crowdsourcing

GSO is based on an ontological primitive, which is a “system.” This is a fundamental
construct which permeates the entire set of beliefs captured by this ontology. The focus
on systems is primarily expected to improve usability and interoperability. Having iden-
tified and modeled the systems of interest to a given project, designers can then request
that online crowds observe and report on these systems. The users can then enjoy the
flexibility of either treating the objects of their observation as a complex phenomenon
(i.e., a system), or as an individualized object. Both should be accommodated by the
interfaces built based on GSO. This contrast, for example, with modeling approaches
that focus on individual objects. As systems accommodate both perspectives, data gen-
erated on GSO-based platforms become compatible among them.

Some systems are still “individualized” entities (simply meaning we can abstract
away their systemic properties). An observer can point to a system and describe it using
its specific, attributes (which purport to represent the underlying properties). This on-
tological primitive can be used in many crowdsourcing initiatives which focus on map-
ping, tracking and representing individualized phenomena. For example, birds, fish,
animals, consumer products, are all accommodated through the notion of a system from
this point of view. This has been the focus of ontological studies [19], [32] that deal
with crowdsourcing projects that focus on the identification of plants and animals.

At the same time, the notion of system in GSO goes beyond “individual” objects.
Indeed, a notable limitation of thinking about the world from the point of view of indi-
vidual things, is the difficulty in applying this notion to crowdsourcing projects that
deal with phenomena without a clear identity or clear boundaries [33].

Thus, the notion of systems accommodates projects which are interested in clouds,
algae, waves, sounds, wind, among others [34]. It is more “natural” to think of forces
or fields as systems, rather than things [31]. Indeed, the systemic approach provides a
broader foundation for crowdsourcing, seemingly accommodating most projects. Based
on our observations, we introduce four guidelines that support observational
crowdsourcing:
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e  Guideline 1 — Design for systems: Consider the basic element of an application
to be modeled as a system.

GSO postulates that any system can be understood in terms of composition, environ-
ment, structure and mechanism (CESM). We refer to this as the CESM model of CSO.
The CESM model of GSO suggests specific ontological constructs for describing sys-
tems. These can be directly used in conceptual modeling. A conceptual model of a do-
main can contain elements consistent with CESM and propagate these into data collec-
tion and interface design choices. For example, a project collecting observations on
lichens, can ask participants about the structure of the lichen observed, the host to which
the lichen is attached (its environment), the individual strands that make up a collection
of lichen, as well as the properties of these individual strands. With such an approach,
projects can thus collect more complete data on systems of interest, by adopting CESM,
thus increasing the value of such data for insights and actions.

Projects focused on interoperability can tag the elements of data collection as be-
longing to one or more of these basic elements. This would support the integration of
data across different projects. Effectively, the CESM model can then become a struc-
turing device for either creating data collection interfaces or sharing the data across
different platforms.

e  Guideline 2 — Model based on CESM: Consider CESM elements as a device

for obtaining information on the reported system.

A large variety of crowdsourcing projects request contributors to take a “snapshot”
(picture) observation of phenomena. For example, a contributor could be asked to de-
scribe an observed whale, with the user interface simply requesting the date and time
of the observation. While this may be suitable and pragmatic for many projects, GSO
suggests that the crowdsourcing community consider change in systems more deeply.
As GSO postulates, all concrete things change, with change as a fundamental property.
For GSO, change is understood in terms of the change of properties (attributes) of sys-
tems. These may be the properties of the system itself, its environment, or its subsys-
tems. Note that GSO explicitly understands “observation” as either an observation of
state (i.e., static representation of system) or observation of an event or a process (i.e.,
the change in the system). The latter two have been underutilized in crowdsourcing
projects. Furthermore, very few crowdsourcing projects adopt a process view. The vast
majority are “spot” observations [3], [34]. This denies a valuable opportunity to better
understand how phenomena evolve, limiting the amount of data about the system and
the kinds of inferences and insights that could be drawn. It is unlikely that there will be
improvements to usability from following this aspect of GSO. However, there can be
important implications for information quality. As more information is collected, and
more opportunities emerge that can improve accuracy through better understanding of
the phenomena, interoperability can improve by providing a common basis for model-
ing and representing change.

e  Guideline 3 — Design sensitive to change: Consider a system as something not

static but under constant change.

GSO provides an explicit conceptualization of the “observation” construct. Spe-
cifically, an observation of some observable fact about an underlying system. For GSO,
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facts can be mental conceptions of events, processes, phenomena or concrete systems
(i.e., states). An observation describing the fact also includes an observer, the circum-
stances of observation and observation tools, making a given observation a 4-fuple (e.g.,
"w observes x under y with the help of z"). This formalization of the observation objects
is directly applicable to observational crowdsourcing and stands to benefit all three
crowd challenges.

Modeling Guidelines and the Crowd Challenges Addressed

Guideline Description Crowd Challenges Ad-
dressed

G1: Design It is natural to think of forces or fields as systems, rather Crowd Usability

for systems than things. Parts or components of systems are systems Crowd Interoperability
themselves.

G2: Model In GSO, any system can be understood in terms of its Crowd IQ

based on composition, environment, structure and mechanism Crowd Usability

CESM (CESM), suggesting ontological constructs for describing | Crowd Interoperability
systems.

G3: Design GSO provides the vocabulary and a way to conceptualize Crowd 1Q

sensitive to change [of properties of the system itself, its environment, | Crowd Interoperability

change or its subsystems].

G4: Model In GSO, an observation describing a fact includes the ob- Crowd 1Q

the observa- server, the circumstances of observation, and the observa- Crowd Usability

tion construct | tion tools Crowd Interoperability

First, GSO reminds crowdsourcing projects that an observation made by a contribu-
tor is not a direct projection of the underlying system (because most facts are not di-
rectly observable). Rather, this is what an observer, from their own point of view, and
with the help of their own observational tools, has detected and wishes to convey. For
example, an observer watching from afar using a spotting scope a group of Kittiwakes
(birds) sitting on an iceberg, close to a glacier. This perspective emphasizes the im-
portance of understanding the observational tools; that is, knowledge and physical
equipment used in making observations. Data resulting from crowdsourcing projects
should be analyzed and interpreted by being cognizant of the knowledge and the equip-
ment available (or assumed to be available) to the contributors. It is well-recognized
that, to improve information quality, understanding the context of data capture is para-
mount [35], [36]. This also means that crowdsourcing projects may benefit from col-
lecting additional information on the knowledge and equipment used to contribute ob-
servations, which is something that rarely occurs in projects. Rather, crowdsourcing
projects are often narrowly focused on collecting data on the phenomenon of interest.

Second, the formalized notions of GSO can be used for standardization of interfaces
and data collection, increasing interoperability and data exchange among projects.
Third, GSO insists on the need for greater transparency and reliability of observations.
Bunge asserts that multiple observations of the same system, including by multiple ob-
servers, as well as the same observer over time, should all be conducted in a public and
transparent manner. This is needed for ensuring that the observational data faithfully
depicts the underlying observed system. This idea is not new to observational
crowdsourcing; for example, redundancy can be exploited within crowds by asking
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multiple people to report on the same thing, a frequently employed strategy. GSO pro-
vides theoretical justification and a conceptual framing for pursuing this strategy.
e  Guideline 4—Formalization and standardization of the observation object:
Collect additional information about the observer, the circumstances of an ob-
servation, and observation tools.

Table 2 summarizes the Modeling Guidelines based on GSO and the primary crowd
challenges addressed by the guidelines. Overall, these guidelines provide an ontological
foundation to observational crowdsourcing and have the potential to address the three
focal challenges of this domain.

5 Conclusion

Observational crowdsourcing is now a prolific practice, engaging millions of people
and thousands of organizations globally. Despite the mounting evidence of successes,
it has numerous challenges due, at least in part, to the lack of a common theoretical
foundation. This research leverages a new high-level ontology, General Systemist On-
tology [28], as a basis for modeling observational crowdsourcing. Based on our analy-
sis, the General Systemic Ontology appears to have the potential in improving user
interfaces, data collection processes, data sharing, and interoperability in observational
crowdsourcing. Nevertheless, future research is necessary to fully synthesize and em-
pirically evaluate the benefits and limitations of GSO for observational crowdsourcing.
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