DOCTORAL THESIS

A Generic Framework for
Collective Intelligence Systems

Shweta Suran

TALLINNA TEHNIKAULIKOOL
TALLINN UNIVERSITY OF TECHNOLOGY
TALLINN 2022



TALLINN UNIVERSITY OF TECHNOLOGY
DOCTORAL THESIS
15/2022

A Generic Framework for
Collective Intelligence Systems

SHWETA SURAN



TALLINN UNIVERSITY OF TECHNOLOGY
School of Information Technologies
Department of Software Science

The dissertation was accepted for the defence of the degree of Doctor of Philosophy
(Computer Science) on 14 April 2022

Supervisor: Prof. Dr. Dirk Draheim,
Information Systems Group
Department of Software Science, School of Information Technologies,
Tallinn University of Technology
Tallinn, Estonia

Co-supervisor: Assoc.-Prof. Dr. Alexander Horst Norta,
Department of Software Science, School of Information Technologies,
Tallinn University of Technology
Tallinn, Estonia

Co-supervisor: Assoc.-Prof. Dr. Ingrid Pappel,
Department of Software Science, School of Information Technologies,
Tallinn University of Technology
Tallinn, Estonia

Opponents: Prof. Dr. Gerhard Schwabe,
Department of Informatics,
University of Zurich
Zurich, Switzerland

Prof. Dr. Anna De Liddo,
Knowledge Media Institute,
The Open University

Milton Keynes, United Kingdom

Defence of the thesis: 26 May 2022, Tallinn

Declaration:

Hereby | declare that this doctoral thesis, my original investigation and achievement,
submitted for the doctoral degree at Tallinn University of Technology, has not been
submitted for any academic degree elsewhere.

Shweta Suran

signature

Copyright: Shweta Suran, 2022

ISSN 2585-6898 (publication)

ISBN 978-9949-83-817-2 (publication)
ISSN 2585-6901 (PDF)

ISBN 978-9949-83-818-9 (PDF)
Printed by Koopia Niini & Rauam



TALLINNA TEHNIKAULIKOOL
DOKTORITOO
15/2022

Kollektiivse intelligentsuse siisteemide
uldine raamistik

SHWETA SURAN

TAL
TECH






Contents

TS o] 201 o] [P 1 o £ ¥ 7
Author’s Contributions to the Publications .......c.oviiiiiiiiiiiii it iiiiiieennns 8
7 o] o] <17 = T T3S 9
T IS et ttteeteeeeeeeeneeeeasosensasenensesensesensossnsosensasensosensasesansossnsnsnns 10
SUMIMIANY 4 ttttieeetneesnenensosnssssssssasesssesosesososssnsasssnsssnssssssssssssssssns 1
1 Motivation and Problem Statement...........ccooiiiiiiiii i 1

11 Research RelevVaNnCe .......viiiiiiiii i 1

1.2 Main ChalleNgesS ....cooviiee i i 12

1.2.1 Reproducibility Crisis......covvviiiiiiiiiiii i 12

1.2.2 Cl Models are Domain-Specific...............ooooeeiiii.. 13

1.2.3 Lack of a Generic Cl Framework ...........coovvvviieea... 13

1.3 Research QUESEIONS ..ovuvetie it ettt e 13

2 Research Methodology ........cooiiiiiiiiii i 14

21 Exploratory Analysis.......ccoovuiiiiiiiii i 15

2.2 Quantitative and Qualitative Analysis ...............cooiiiiiiiiiii... 16

2.3 Comparative Case Study ......oooiiiiiiiiiiii i 16

2.4 USE CaSE SCENAIIOS « . v ettt ettt ettt iie it ieeeiaeeans 17

3 (000 011 1 0107 1 o) 1 L3N 17

4 Initial Study - An Exploratory Analysis of Cl Platforms ........................ 18

5 The Contributed Generic Cl Framework ........coooviiiiiiiiiiiiiiiin, 19

51 A Generic Model that Defines All CI Systems ...............cceeeee.n 20

5.2 Additional Requisites for CI Systems ........ccovviiiiiiiiiiiiiinnnn.n. 21

5.3 Cl as a Complex Adaptive System ..........ccooeeiiiiiiiiiiiiiiiaean 22

6 Evaluation of the Contributed Generic Cl Framework......................... 22

6.1 Evaluation Through a Comparative Case Study ....................... 22

6.2 Evaluation Through Use Case Scenarios.........ccooeviiiiieeennnnn.. 23

7 Related WOKK ..o e s 24

8 Implications for Further Research ... 28

9 (7o 0 ol 01T o T 29

I o T U S N 30
LTS o ) 0 =1 o< 31
5] =] =] [l 32
ACkNOWIEdgEMENES . ..ieiiii ittt i it iieetieteeenerneaenaransenasansennsanns 1
Y 1 = ot 1 42
100 4T 177 < 44
Y0 0 1=Y T 13" 47
Y] 011 e 13702 61



Y] 011 e 1370 T 73

Yoo 1=] Vo |3 S P 127
Y0 0 1=T T 13 135
CUTICUIUM VItaE uiiiiiiiiiii it ittt ittt e naeaees 146
[ [T [ o) (T 4 =] Lo LU N 149



List of Publications

The present Ph.D. thesis is based on the following publications that are referred to in the
text by Roman numbers.

S. Suran, V. Pattanaik, S. B. Yahia, and D. Draheim. Exploratory analysis of collective in-
telligence projects developed within the EU Horizon 2020 framework. In N. T. Nguyen,
R. Chbeir, E. Exposito, P. Aniorté, and B. Trawinski, editors, Proceedings of ICCCI 2019
- the 11th International Conference on Computational Collective Intelligence, Lecture
Notes in Artificial Intelligence 11684, pages 285-296. Springer, 2019

V. Pattanaik, S. Suran, and D. Draheim. Enabling social information exchange via dy-
namically robust annotations. In M. Indrawan-Santiago, E. Pardede, I. L. Salvadori,
M. Steinbauer, I. Khalil, and G. Anderst-Kotsis, editors, Proceedings of iiWAS'2019 -
the 21st International Conference on Information Integration and Web-based Applica-
tions and Services, pages 176-184. ACM, 2019

S. Suran, V. Pattanaik, and D. Draheim. Frameworks for collective intelligence: A sys-
tematic literature review. ACM Computing Surveys, 53(1):1-36, 2020

S. Suran, V. Pattanaik, and D. Draheim. CommunityCare: Tackling mental health is-
sues with the help of community. In M. Indrawan-Santiago, E. Pardede, I. L. Salvadori,
M. Steinbauer, I. Khalil, and G. Anderst-Kotsis, editors, Proceedings of iiWAS’2020 -
the 22nd International Conference on Information Integration and Web-based Appli-
cations and Services, pages 377-382. ACM, 2020

S. A. Peious, S. Suran, V. Pattanaik, and D. Draheim. Enabling sensemaking and trust
in communities. In M. Indrawan-Santiago, E. Pardede, I. L. Salvadori, M. Steinbauer,
I. Khalil, and G. Anderst-Kotsis, editors, Proceedings of iiWAS’2021 - the 23rd Inter-
national Conference on Information Integration and Web-based Applications and Ser-
vices, pages 1-9. ACM, 2021



Author’s Contributions to the Publications

I | was the main author of this publication. | conducted an analysis of 10 collective
intelligence (Cl) projects and analyzed the results, prepared the figures, and wrote
the manuscript.

Il In this publication, | was a co-author. | wrote about the role of the Web and Cl in
today'’s digital world, prepared the figures, and revised the manuscript.

I1"% | was the main author of this publication. | conducted the systematic literature re-
view (SLR) of 9,418 research articles, contributed the generalized framework and con-
ducted the comparative case studies of 6 Cl platforms, analyzed the results, prepared
the figures and tables, and wrote the manuscript.

IV | was the main author of this publication. | proposed a web-based (Cl) platform
(i.e., CommunityCare), as a use case, prepared the figures and tables, and wrote the
manuscript.

V In this publication, | was the second author. | formulated the research questions,
wrote about the role Cl in business intelligence (Bl), prepared the figures, wrote Sec-
tion 2 and Section 3 and revised the manuscript.

' As of 29th Oct. 2021, the article has received 41 citations (Google scholar) resp. 17 ci-
tations (Scopus).

2 The article has been listed in The Living Library [2] of The GovLab [1].

3 The developed CI framework is currently used by the Information Systems Group of
Tallinn University of Technology to design a collaborative platform for the silver economy
based on endeavors of Butt et al. [22, 23, 21] in the EU Interreg project “Supporting Smart
Specialization Approach in Silver Economy for Increasing Regional Innovation Capacity and
Sustainable Growth”[7].

4 The developed CI framework will also be used in an urban planning project of Chaves
et al. [27], where citizens will be engaged in developing and mapping new ideas and dis-
cussing their points of view to build future societies.



Abbreviations

BI
Cl
DS
HCI
ICT
IS
RQ
SLR

business intelligence

collective intelligence

design science

human-computer interaction

information and communications technology
information systems

research question

systematic literature review



Terms
collective (adjective)

collective (noun)

collective intelligence

intelligence

done or shared by all members of a group of people; in-
volving a whole group or society. (Oxford Learner’s Dic-
tionaries [6])

a singular noun, such as committee or team, that refers
to a group of people, animals or things and, in British En-
glish, can be used with either a singular or a plural verb.
In American English it must be used with a singular verb.
(Oxford Learner’s Dictionaries [6])

1) “a form of universally distributed intelligence, con-
stantly enhanced, coordinated in real time, and resulting
in the effective mobilization of skill” [61]

2) “groups of individuals acting collectively in ways that
seem intelligent” [68]

1) the ability to learn, understand and think in a logi-
cal way about things; the ability to do this well (Oxford
Learner’s Dictionaries [6])

2) a very general mental capability that, among other
things, involves the ability to reason, plan, solve prob-
lems, think abstractly, comprehend complex ideas, learn
quickly and learn from experience. It is not merely book
learning, a narrow academic skill, or test-taking smarts.
Rather, it reflects a broader and deeper capability for
comprehending our surroundings - “catching on,” “mak-
ing sense” of things, or “figuring out” what to do. [39]
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Summary

This research summary is structured as follows. In Sect. 1, we establish the motivation,
provide the problem statement behind this work, and state the addressed research ques-
tions (RQs). In Sect. 2, we provide an overview of the methodologies used in this work. In
Sect. 3, we state the contributions made in this work. In Sects. 4, 5 and 6, we explain how
the publications [1], [II], [I], [IV] and [V] contribute to the work, i.e., the development
and evaluation of a generic framework for Cl systems in information and communications
technology (ICT). In Sect. 7, we discuss the related work studied in the publications [1], [1lI]
and [IV]. In Sect. 8, we present directions for future research. We conclude the research
summary in Sect. 9.

1 Motivation and Problem Statement

1.1 Research Relevance

Collective intelligence (Cl) is not a new concept and has been in the focus of research such
as computer science, management, organizations, social science, biology, and psychology
for many years [lll]. Cl can be found in several forms on the web, and looking at the CI
literature, web-based Cl applications can be mainly grouped into three distinct paradigms.

First, it has become easy to connect with other people around the world; we are now
capable to learn about other cultures, history, medicine, art and more, thereby, improving
our beliefs and knowledge about each other [65, 74]. Through CI platforms like InnoCen-
tive and OpenIDEO, people from different countries can support, promote and contribute
to each other’s ideas and initiatives, and can offer not only economic support but also
mental support in generating innovative ideas [65, 74].

Second, organizations are now able to harness the knowledge of web users, e.g., to
gain insights about market trends, user requirements and perceptions, or to predict up-
coming changes in the consumer markets [V]. Within organizations, the use of Cl tech-
niques such as crowdsourcing has the potential to enable knowledge creation and ex-
change [14]. Stafford Beer's viable systems theory [12, 13] explains the critical functions of
any viable organization. At the next level, the theory has been used in visions to shape or-
ganizational ecosystems [11], a notion that is currently discussed as real-time economics [112,
111]. The integration of Cl with the critical functions of viable organizations shows an im-
mense potential [32, 31, 30, 70]. This potential has been understood by major players such
as IBM with its vision of a Cogniculture [87] and BlackRock (world largest shadow bank
with more than 7.3 trillion USD assets under management) with its Cl platform Alladin [8].
Both Cogniculture and Alladin are examples of how today’s established ClI [65, 74] can be
transcended (taken to a next level) by organizational “human-machine co-evolution” [87],
compare with Bruno Latour’s actor-network theory (ANT) [59].

Finally, the overall rise of the social web (i.e., social media) and Cl has encouraged gov-
ernment bodies and public organizations to empower citizens with more decision-making
capabilities and power in policy making and the implementation of new laws; by under-
standing citizens’ opinions about what changes they want and why. Thanks to platforms
such as Decidim.Barcelona [9] and CitizenLab [86], crowds are now able to contribute
more actively in their own governance and can even guide their governments in the de-
velopment of new guidelines and policies. Taking into consideration the aforementioned
aspects, it has become visible that Cl plays an essential role in our society; unfortunately,
the design and development of CI platforms is still a time-consuming task, e.g., need
months for requirement analysis and planning alone [lll]. Therefore, it is hard for small
organisations and governing bodies to design such platforms. Our research aims at pro-
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viding a ‘generic’ Cl framework that allows stakeholders to easily merge distinct compo-
nents needed to enable Cl, this way allowing them to develop their own CI platforms more
effectively and efficiently. Utilizing the results of our research, it becomes simpler for re-
searchers, developers and other stakeholders to build new ClI platforms while cutting the
amount of money and time needed [IIl]. Furthermore, the findings of our research enable
researchers who are new to the field to understand faster, how Cl is enabled in the many
different kind of systems (based on ICT) that exist today.

1.2 Main Challenges
There are three mutually dependent main challenges currently being studied in the field
of Cl system development:

¢ Existing Cl frameworks suffer a specific reproducibility crisis.
e Existing Cl models are domain-specific.
e It lacks a generic Cl framework.

These three challenges are described in Sects. 1.2.1, 1.2.2 and 1.2.3.

1.2.1 Reproducibility Crisis The concept of ClI [61, 66], popularly known as “wisdom of
crowds” [110] has been a part of scientific discussions for centuries, actually, ever since
the Aristotelian era [74]. What started as a group of individuals arguing over collective
issues and policies, over time has co-evolved through various phases in concert with the
novel communication means of the different eras (e.g., printing press, sound telegraph,
ARPANET). And this indeed, has allowed the concept to transcend into a plethora of sci-
entific strands such as human-computer interaction (HCI) [Ill], citizen science [65], swarm
intelligence [65, 74], collaborative Al [87] and open innovation [65, 74]. Examples of Cl
systems that started in the early 1990s include Goldcorp (which aimed to identify new
mining locations, using the wisdom of web users) [65] and WikiWikiWeb (the first Wiki,
that enabled exchange of ideas) [65]. Similarly, the Linux software community [90] is an
early Cl example of artifact and knowledge creation [65]. Since then, scientific advance-
ment in ICT technologies such as the social web [91, 45], have led to the development
of numerous novel innovative Cl systems; to name a few, Wikipedia (for knowledge ex-
change) [65], Climate ColLab (to tackle climate issues) [49], Reddit (to share passions,
ideas, and opinions ) [115], Kaggle (to propose new machine learning solutions) [l], and
StackOverflow (to propose new coding questions and solutions) [99]. The social web (i.e.,
social media) as a predominant means for communication today, has enabled web users
to interact and collaborate with each other in unprecedented ways, empowering them
by allowing effective and efficient ways for mobilizing crowds and harnessing the crowd’s
intelligence [98, 95]. Such systems have allowed problem solving, learning, information
sharing, prediction and decision making among the collectives, through real-time collab-
orations [lll], [65, 74]. Sadly, many of these systems are commercial and their underlying
architectures (models and frameworks) are often not available in scientific literature [I11].
Cl systems that have been examined and described in scientific literature have only been
discussed with focus on their reliability and popularity. And most studies have only inves-
tigated parts of these Cl systems, and have thus focused on questions such as, how these
systems and their users are contributing to the society; rather than focusing on the un-
derlying architecture on which these systems were built [lll]. This absence of explicit and
comprehensive knowledge of the underlying architectural principles of Cl systems has led
to a reproducibility crisis with respect to existing Cl frameworks.
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1.2.2 Cl Models are Domain-Specific In order to understand the underlying architec-
tures of Cl platforms, researchers have proposed several Cl models. Unfortunately, many
of these models have been designed for specific types of Cl systems, each being domain-
or use case specific. Furthermore, Cl models that have been described in literature, are
usually described using different terminologies, vocabularies, semantics and metaphors
such as “system-specific elements, principles, attributes, requirements, or their combina-
tions” [lll]. And therefore, these models can be interpreted as being distinct entities; for
example, in the Cl genome model, Malone et al. describe Cl systems by using the anal-
ogy of biological genes [67]. They explain that Cl systems can be viewed as being made
of distinct building blocks (namely What, Who, Why, and How), and that, similar to how
biological systems can be distinctly identified based on their genes, all Cl systems can be
examined by answering the questions “What is being done? Who is doing it? Why are
they doing it? How is it being done?” [68, 67]. Other CI models available in literature
describe Cl systems in several different ways, for instance, some scholars view Cl systems
from an organizational perspective [69, 31], whereas others focus on knowledge creation
and exchange, and some only focus on Cl systems from an engineering and development
perspective [63].

1.2.3 Lack of a Generic Cl Framework Due to rising interest in the applications of Cl, es-
pecially in prediction and problem solving [65, 74], private organizations and government
bodies world-wide are developing many Cl platforms; e.g., privately owned platforms like
InnoCentive and OpenIDEO (where web users contribute by proposing new innovative
ideas and solutions [65, 74]), or government-owned platforms like MyGov.in [52] and
vTawain [3] that aim to improve decision making and policy creation by engaging citi-
zens in these processes. Many such examples of Cl systems have been enumerated and
organized based on specific domains by NESTA [4]. Furthermore, developing Cl systems
requires lots of planning and requirement analysis. Unfortunately, most Cl systems resp.
platforms or initiatives are developed independent of previous knowledge, due to the lack
of fundamental understanding of the concepts of Cl. Therefore, many Cl systems become
obsolete after a few years. We found that one of the reasons for Cl systems becoming
obsolete is that many systems lack the required features that enable collectives to self-
organize, adapt, and evolve [l1]; thus making the development and maintenance of such
Cl systems very expensive. This lack of well defined and systematic knowledge about the
concepts and models of Cl in ICT [llI] has not yet lead to the development of a complete
generic framework for Cl systems [1].

1.3 Research Questions
In this work, we focus on two major research gaps: first, the lack of systematic and well-
described knowledge regarding the theoretical and technological aspects of Cl systems,
and second, the lack of a generic Cl framework that would empower such systems’ stake-
holders and developers by making it easier for them to design, develop and maintain new
Cl systems, irrespective of their application domains.

We aim to answer the three primary research questions (RQs) stated below. Table 1
presents a mapping of each of these (RQs) with respect to the publications presented in
this work.

e RQ1What are the underlying models of existing Cl systems?
- RQ1.1What are the common terminologies used to describe Cl models?
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- RQ1.2 What are the components of Cl models? And, how are these compo-
nents associated to each other?

e RQ2 Do any of the available Cl models appropriately define all Cl systems, irrespec-
tive of their applications?

- RQ2.1Can these models be used to create Cl systems for novel challenges?

e RQ3 How can the available knowledge of Cl models and systems be combined to
create a generic model that defines all Cl systems?

- RQ3.1How would such a generic model be evaluated?

Table 1 - Mapping of associated RQs and publications.

Research Question | Publications
RQ1 (7, (]
RQ1.1 (11, [n], [m]
RQ1.2 (]
RQ2 (13, (]
RQ2.1 (1, (], [
RQ3 [
RQ3.1 (g, (v, vl

2 Research Methodology

The main structure of this work is composed of three original peer-reviewed research
articles. Publication [llI] is a journal article, while [I] and [IV] are articles published in
conference proceedings. Furthermore, two additional research articles, [11] and [V], were
published (in conference proceedings) as part of this work. Each research article supports
the claims presented in this work and is based on distinct studies as illustrated in Fig. 1.
Altogether, these research articles have allowed for the creation of a novel conceptual
framework for Cl systems that is complete and comprehensive while at the same time
being generic. The generic framework is based on an the amalgamation of existing Cl
research in the field of ICT, including existing domain-specific C| models (covered by [I]
and [Il1]), plus several currently used ClI systems (both proprietary and open) that have
not been discussed in scientific literature so far (discussed in [1] and [I11]) and supported by
own experience in implementing Cl concepts (covered by [II]). The development process
of the novel framework is covered in [lIl], while the evaluation of the framework through
case studies [111] and use case scenarios is described in [IV] and [V].

The work presents a novel artifact designed as a conceptual framework. The proposed
framework is developed based on a rigorous study of the available scientific literature,
and has been evaluated (and cross-validated) using multiple different approaches, namely
case studies and use case scenarios. The designed artifact contributes a crucial tool to
the domain of group-based decision making and problem solving, which gets ever more
relevant for the positive development of today’s societies. Given this rigor and relevance,
the research efforts fulfill usual best practices and principles of high-quality design science
(DS) research [43].

The particulars of the research methodologies adapted in this work are described in
Sects. 2.1, 2.2, 2.3 and 2.4.
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Publication | (

Exhaustive Study of
Scholarly Articles C

Evaluation

Design of the

Cl Framework | Comparative

Analysis
| |

Use Case Scenario
) Evaluations

Systematic Literature Review

Initial Study
Exploratory Analysis

Quantitative Analysis

\

Publication IlI

Qualitative Analysis

lﬁl

Concept Study
Prototyping

Publication Il Publications IV and V

Figure 1 - Design science process. The figure shows the design science process of the work (grey)
plus an auxiliary concept study (white), together with corresponding methodologies (in italics) and
corresponding publications (dashed lines).

2.1 Exploratory Analysis

In our initial study [I], we found that the genome model for Cl proposed by Malone et
al. in 2010 [67] is the most prominent model for development of Cl systems. Through
our examination of the model we found that among the several Cl models that have been
presented in scientific literature so far, the genome model is the only one that is consid-
ered general enough to be able to describe all Cl systems. However, as pointed out by
scholars (including Malone et al. themselves), the model provides only an abstract view
for understanding CI systems [67]. Furthermore, as pointed out in [I], the platforms that
have been studied by Malone et al. during the development of the genome model were
all developed between 2000 and 2010, i.e., more then a decade ago. We argue that given
the several technological advancements that have occurred in the past ten years (and the
several social features that have emerged due to increasing interest in social media), the
model may not be able to adequately describe today’s Cl systems and hence there is a
need to develop a more comprehensive generic Cl framework. To evaluate the genome
model in context of current Cl systems, we asked the question: “Can the genome model
comprehensively describe recent Cl platforms? If not, what new genes could be proposed
to improve the model?”[l]. In order to answer this question, we conducted an exploratory
analysis [116, 38] of 10 ClI platforms deployed after 2015 (for specifics please refer to [l]).
To identify the platforms for the study, we followed a predefined set of criteria; first, we
chose only those platforms that were currently in use, and whose documentations (such
as technical reports, research articles, and deliverables) were available on the open web,
and second, the platforms had to have more than 3,000 users. Following these criteria,
we were able to identify 10 CI systems that we examined during the study. As part of the
study, we participated on the systems as a passive, observing user over a duration of four
weeks.

The efforts of the exploratory study have been supported by (and at the same time
supported) a concept study on enabling social information exchange on the web through
the use of web annotations [I1].

At the end of the study, we concluded that the Cl genome model could not describe
new Cl platforms and their new components and features [l]. Moreover, we hypothesized
a more complete and generic framework for Cl systems can be achieved by aggregation
of the genome model with other existing Cl models [1].
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2.2 Quantitative and Qualitative Analysis

To answer the research questions, we started by conducting an initial literature review
of scholarly articles discussing Cl platforms and frameworks. Through this review process,
we found that Cl is studied in a wide variety of domains, and thus, the subject is often con-
fused with other similar concepts such as citizen science, swarm intelligence and more.
Since the focus of the work is Cl in ICT, it was critical to extract and analyse only those
scholarly articles that discussed exactly this. Therefore, to answer the RQs, we decided
to conduct a comprehensive and exhaustive literature review using the well-established
Kitchenham’s guidelines for conducting systematic literature reviews (SLRs) (in software
engineering) [54]. As explained by Kitchenham et al. [102, 53], SLRs are a suitable research
method for accumulating completed and documented research regarding a particular re-
search topic. They can be utilized “to identify any gaps in current research in order to
suggest areas for further investigation” [54] and “to provide a framework/background
in order to appropriately position new research activities” [54]. Following these guide-
lines and insights, we conducted an SLR of Cl-related literature published in the past two
decades. We identified about 10,000 scholarly articles, out of which some 200 were se-
lected for a deeper review. Out of these 200 articles, we identified 12 research studies
that adhered to the predefined inclusion and exclusion criteria. After further examining
these 12 research articles and their references in detail, we identified 24 unique properties
that were discussed in the studied articles. By combining and reorganizing these unique
properties, we were able to propose a novel, complete and generic framework for devel-
opment of Cl systems [lll]. The details of the SLR methodology as described in [ll] are
presented in Table 2.

Table 2 - Results of the four phases of the SLR.

Phase Outcome

Phase 1 | Based on the search string, 9,418 research articles were identified from se-
lected academic databases (ACM, Elsevier, IEEE and Springer).

Phase 2 | Pre-defined inclusion criteria were applied on identified articles of Phase-1,
and 219 research articles have been selected for Phase-3.

Phase 3 | After the second phase, study quality assessment criteria were applied on
the 219 articles of Phase-2 and, finally, 12 Cl models have been identified.
Phase 4 | Finally, relevant data were extracted from the selected CI models and syn-
thesized in order to answer all RQs.

2.3 Comparative Case Study

In order to evaluate the developed generic Cl framework, we conducted a comparative
case study [116, 38] in [lIl]. This study involved six Cl platforms, that were examined over
a duration of six months. These six Cl platforms were selected based on a pre-defined
selection criteria. These criteria were: the selected Cl systems had to be ongoing during
the period of the study, each of the platforms had to be focused on different disciplines
and areas of application, and finally, their details had to be available in the scientific liter-
ature. To investigate these platforms, we created new user profiles for every system and
then observed different user activities such as how users collaborated with each other,
how they made decisions (both as individuals and groups), how the users participated
within the system (i.e., actively or passively) and more. Overall, each selected platforms
was studied over six months. We also studied the available research articles related to
these platforms. At the end of the study, we mapped the activities we observed on these
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platforms with our proposed Cl model and found that all components of these platforms
directly corresponded to specific components of our generic Cl framework in [llI].

2.4 Use Case Scenarios

To evaluate the generic Cl framework further, we modeled two scenarios, i.e., novel ar-
tifacts designed as web-based crowd-oriented systems. The first platform is called Com-
munityCare [IV]. The platform concept was proposed to tackle mental health issues by
empowering citizens and bring them together to help each other. Through the design of
the web-based platform, we explained how several diverse humans and machine compo-
nents of a crowd-oriented system as well as their actions corresponded to the different
components of the proposed Cl framework. The second platform [V] has been designed
and developed with focus on bridging the gap between Cl and business intelligence (BI).

3 Contributions

The main contributions of this work can be summarized as follows:

e The work addresses the issue of reproducibility crisis in regards of the absence of
explicit and comprehensive knowledge of the underlying architectural principles of
Cl systems (i.e., Cl frameworks). By investigating ten ongoing Cl initiatives devel-
oped within the EU Horizon 2020 framework and by analysing their corresponding
scientific literature, we were able to deduce that not even the most cited Cl model
(i.e., the CI genome model [67]) is able to describe all components of today’s Cl
systems [I]; there by, partially addressing the Research Question (RQ2): “Do any
of the available Cl models appropriately define all Cl systems, irrespective of their
applications?”. It should be noted that during our exploratory analysis we found
four frameworks, three of which (i.e., all except the Cl genome model [67]) focused
on domain-specific Cl applications. Considering the lack of systematic knowledge
about Cl models available in published literature, we found it imperative to con-
duct a reproducible and exhaustive search of Cl frameworks; and to this end, we
conducted an SLR [Il1].

e The work presents a first and foremost exhaustive study of Cl research articles. By
methodologically and transparently conducting an exhaustive meta-study of 9,418
Cl related research articles, we were able to identify a total of 12 Cl models (and
frameworks) that were proposed since the year 2000 [Ill]. By strictly adhering to
Kitchenham's guidelines [54] for conducting systematic literature reviews, we en-
sured that the process of identifying the said models/frameworks was reproducible.
Similar to our finding from the exploratory analysis, (through the SLR) we found
that none of identified Cl models were able to “appropriately define all CI systems”
(thereby addressing the Research Question, RQ2). By studying the individual com-
ponents of each of the identified Cl models (and frameworks), we were able to iden-
tify the “common terminologies” and “components” used to describe these state-
of-the-art CI models [l1], thereby addressing the Research Question (RQ1): “What
are the underlying models of existing Cl systems?”. The breaking down and mapping
the components of the 12 Cl models, we were able to identify 24 unique attributes
that could be used to describe all Cl systems, irrespective of their applications (thus
addressing the Research Question, RQ2).

e The work proposes and develops a novel, generic Cl framework. In regard to the Re-
search Question (RQ3): “How can the available knowledge of CI models and systems
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be combined to create a generic model that defines all Cl systems?”; by combining
the identified 24 unique attributes, into a unified model (and framework) based on
Malone et al.'s [67] building block analogy, we were able to develop a novel ‘generic’
Cl framework [lll]. To validate the completeness and genericness of the proposed
Cl framework, we opted for a multi-tiered approach. We first examined six CI plat-
forms belonging to different domains and attempted to describe the platforms using
the newly developed ‘generic’ framework [lIl]. The proposed framework was found
to be successful at describing all six of the studied Cl platforms [lIl]. As a second
evaluation, we proposed two novel Cl systems [IV], [V] (both with focus on distinct
domains) and demonstrated how the ‘generic’ framework could appropriately de-
fine ClI systems regardless of their domains and applications.

¢ Finally, the work highlights the new challenges for future Cl research, based on the-
oretical studies and real-world artifacts (i.e., Cl projects and initiatives). As a conse-
guence of the investigations conducted as part of this work [1], [1I], [ll1], [IV], [V], we
were able to identify new challenges in Cl research that have yet to be deeply ex-
plored; for instance, the role of critical mass, the effect user reputation in decision
making, and more.

4 Initial Study - An Exploratory Analysis of Cl Platforms

In [1], we present an exploratory analysis of ten Cl projects developed within the EU Hori-
zon 2020 framework. In this context, we discuss the motivation for the development of
new genes (resp. components) for the “Cl genome” [67], and introduce three novel genes,
i.e., (i) beneficiaries, (ii) knowledge and social cause, and (iii) collaboration-based contest.
Moreover, we propose that examining and accumulating additional CI models along with
the “Cl genome” [67], could help us accomplish a novel, generic Cl framework.

As part of work related to [1], we review four Cl models/frameworks, i.e., “Toward Cl of
online communities: A primitive conceptual model” [62], “Harnessing crowds: Mapping
the genome of CI” [68], “Collective intelligence systems: Classification and modeling” [64]
and “Intelligent collectives: Theory, applications, and research challenges” [76]. Also we
discuss the limitation of all these models, i.e., all models are domain-specific and use
different types of terminologies to describe the components of their models; for specifics
of related work of [l], see Sect. 7.

Next, in [I], we describe the Kaggle CI platform [5] in terms of the “Cl genome” sug-
gested by Malone et al. [67], i.e., by using all of the genes suggest by Malone et al. [68]:
(i) the Who gene: “Who is performing the task” [68] (it represents the two types of users,
namely crowd and hierarchy), the Why gene: “Why are they doing it?” [68] (it repre-
sents the motivation which can be intrinsic or extrinsic), the What gene: “What is being
done?” [68] (it represents the goal of the crowd, resp. its hierarchy) and the How gene:
“How is it being done?” [68] (collection, contest or collaboration) [68, 65]. For instance,
let us consider the question why people participate in the challenges posted by Kaggle.
To answer this question, we map Kaggle’s user motivations to the three categories of the
Why gene [68], i.e., money, love and glory (money motivates the crowd to participate as
collectives in innovation challenges, and love and glory are the intrinsic motivations that
inspire members of a collective to help others in the collective).

Moreover, we provide an analysis of ten Cl platforms in [l], which all have been devel-
oped after 2015, namely:

e CIPTEC (Collective Innovation for Public Transport in European Cities) [75]
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e POWER: political and social awareness on water environmental challenges [58]

e Crowd4Roads (Crowd sensing and ride-sharing for road sustainability) [24]

e Open4Citizens: empowering citizens to make meaningful use of data [73]

e Saving Food 2.0: a solution to tackle food waste through collaborative power [25]

e CAPTOR (Collective Awareness Platform for Tropospheric Ozone Pollution) [57]

e COMRADES: platform for community resilience and social innovation during crises [26]
e SOCRATIC (Social Creative Intelligence) [28]

e ChildRescue: a platform for missing children investigation and rescue [71]

e Share4Rare: promoting citizen science in rare disease research [89]

Additionally, to acquire “a deeper understanding of the inner functioning of these
platforms”[1], we participated on the systems as a passive user (lurker), i.e., we did not
participate in any activities but only observed other users of the platforms over a dura-
tion of four weeks. Based on our comprehensive exploratory analysis, we are able to cat-
egorize several components of the examined platforms based on the “Cl genome” [67];
and the results show that there are some components of these projects that cannot be
described using the “Cl genome” [67]. Finally, in [I], we propose three new genes, i.e.,
beneficiaries (for the Who gene), knowledge and social cause (for the Why gene), and
collaboration-based contest (for the How gene).

The work in the exploratory study [I] has been further supported by practical efforts
(described in [I1]) in prototyping a novel web annotation platform for social information
exchange. This platform is the outcome of a larger design science project [33, 80, 81, 82]
in its own right, with [l1] as a concrete work package. The efforts in [I1] helped streamlining
the efforts (in support of DS relevance and rigor [43]) in [I], and vice versa. Publication [l1]
presents, how a Cl generic framework (guidelines) can be used for a crowdsourcing infor-
mation system in order to enable real-time collaborations via. annotations on web pages.
To do so, first, we explain new challenges related to social media such as misinformation
and echo chambers, and how web-based Cl platforms can harness the intelligence of col-
lectives to solve some of these challenges.

As results of this initial study, we are able to (i) conclude that the genome model is
not generic enough to describe all Cl systems, and (ii), state the hypothesis, that a generic
framework for Cl systems can be achieved by combining the components of the genome
model with components of other Cl models [I].

5 The Contributed Generic Cl Framework

Publication [IlI] proposes a generic framework for Cl systems in ICT, as such a framework
potentially would make it easier for stakeholders to design new Cl platforms and under-
stand existing ones. We discuss the motivation for the development of a generic Cl frame-
work, conduct an exhaustive study of research articles related to Cl based on Kitchenham'’s
guidelines [54] and propose a novel, generic Cl framework. Subsequently, we conduct a
comparative case study of six Cl platforms to evaluate the proposed framework. Figure 2
shows the details of the Cl generic model.

Based on our initial findings of Cl models (see Sect. 4), we decided to explore more Cl
models and conducted an exhaustive SLR (utilizing an SLR, one can accumulate, critically
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Figure 2 - The generic model for collective intelligence systems from [lll].

assess and integrate scientific research studies for a particular RQ) of 9,418 research ar-
ticles that were selected from four academic databases (i.e., ACM, Springer, Elsevier and
IEEE). Based on pre-defined selection criteria, we selected 219 relevant studies, studied
them in depth (including their references) and found 12 Cl models from different domains.
Then, we performed quality assessment and data synthesis to accumulate and sum up the
contributions of the relevant studies.

Next, in [111], we elaborate our novel Cl generic framework. Our Cl framework organizes
knowledge about Cl systems with respect to the following three aspects:

e A generic model that defines all Cl systems. This component is the core of our
generic framework.

¢ Additional requisites for Cl systems.
o Consideration of Cl as a complex adaptive system.

We outline these three aspects of the framework in Sects. 5.1, 5.2 and 5.3.

5.1 A Generic Model that Defines All Cl Systems

Taking inspiration from the “Cl genome” [67, 68], combined with the results of our SLR (ex-
pressed through twenty-four unique attributes), we propose a generic model that explains
Cl systems by the means of four questions (as components), i.e., “Who is Performing the
Task?” (Staff), “How is It Being Done?” (Process), “What is Being Accomplished?” (Goal),
and “Why They are Doing It?” (Motivation). Moreover, we provide new classifications,
i.e., properties and interactions for Staff, Process and Goal; and describe all four genes in
a fine-grained manner.

20



To explain every component (its types, properties, and interactions) of the proposed
Cl generic model, we use different examples of Cl platforms:

e “Who is Performing the Task?” (Staff). The proposed model defines the staff of a Cl
system (i.e., the collectives) as being of two types: passive actors and active actors.
The passive actors are Cl system users who use the information and knowledge pro-
duced by other members of the collective, but do not contribute to the system. The
active actors on the other hand, contribute artifacts and information to the system,
and also give feedback to other members of the collective if required. According to
the model, the active actors are further classified as crowd and hierarchy.

The model states that the staff must have the three properties, namely, diversity,
independence and critical mass; and ought to interact with trust and respect, while
using SECI (i.e., socialization, externalization, combination, and internalization).

e “Why They are Doing It?” (Motivation). In Cl systems, users’ motivation can be cat-
egorized into two types: intrinsic and extrinsic. Intrinsic motivation can be of four
types, namely, interest, passion, knowledge, and social cause; while extrinsic moti-
vation can either be a tangible object (such as money), or an intangible object (such
as glory). The model explains the users’ motivation using examples of Cl platforms
like: DDtrac, Threadless, InnoCentive, Goldcorp, WikiCrimes, and more.

e “Whatis Being Accomplished?” (Goal). The goal of Cl systems can be understood as
being of two types: individual goals, i.e., the goals of an individual system user, or
community goals, i.e., the goals of the system'’s collective. As explained by model,
these goals should be well defined and objective.

e “How is It Being Done?” (Process). The process of achieving Cl in Cl systems can
be broken down into two types of actions; these are create and decide. The ac-
tion of creation can be further classified as contest oriented and voluntary. Inter-
action of the process types can be classified as dependent and independent. To-
gether these process types and interactions can be understood as collaboration
(i.e., dependent-create actions), collection (i.e., independent-create actions), group
decision (i.e., dependent-decide actions) and individual decision (i.e., independent-
decide actions).

It is important to note here that the process by which individuals and collectives
make decisions (i.e., collective behaviour) is still a rather nascent research domain
that has gained interest only in recent years [10].

5.2 Additional Requisites for Cl Systems
There are other further requisites that should be consider when designing a Cl system.

e System state: It represents the least number of variables that describe a Cl system.
It can include different motivations, actors and processes, or the exclusive grouping
of the same.

e Data is the key: Data (i.e., information and knowledge) provided by the users of a Cl
system plays an important role in developing new ideas and solutions. Therefore,
the system should permit its users to gather, share and make changes to the data.

e Aggregate knowledge: As the efficacy of the Cl system depends primarily on user-
generated content, thus such a system must provide methods (like social tagging or
aggregating functions) to aggregate this data (i.e., information and knowledge).
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e Access to decentralized knowledge: Taking into consideration the user’s interests,
it is essential that a Cl system should be accessible on multiple devices and must
provide access to the aggregated knowledge.

o Task and workload allocation: During the designing and developing of a Cl system, it
is important to define (in advance) the task and workload allocation, as this enables
effective coordination and collaboration activities.

¢ Task-specific representation: To boost knowledge creation and information exchange
among the users, a Cl system should offer task-specific representations and also al-
low users to visualize the same in different forms.

e Robustness: As Cl systems have multiple components, actors, processes and re-
sources, it is necessary that a system should be able to deal with redundant and
erroneous inputs and should also have suitable methods for data backup and re-
covery.

5.3 Cl as a Complex Adaptive System

Cl systems are complex dynamic networks of interactions and by complex means, they
show the essential properties of complex adaptive systems [19, 46, 72, 12, 13, 30, 32,
31, 70], i.e., (i) self-organization (the systems coordinates and manage their inner struc-
ture without any external control), (ii) adaptivity (components of the system continuously
change according to the requirements of its collective) and (iii) emergence (over time, the
system shows new patterns and properties). These three properties are critical for any Cl
system [lll], without them, any CI system would become obsolete after a few years. Fur-
thermore, studies related to self-organisation [100], adaptivity [96] and emergence [100]
are found in different disciplines of research such as collective animal behaviour [104, 103],
or swarm behaviour [78, 16]. Researchers also suggest that insights from these disciplines
can also help us to understand the self-organization behaviour in humans [78, 51].

6 Evaluation of the Contributed Generic Cl Framework

6.1 Evaluation Through a Comparative Case Study

Publication [Ill] contains an evaluation of the proposed Cl generic framework. To evaluate
the genericness of our framework, we conducted a comparative case study [116, 38] of six
Cl platforms, namely:

e CAPSELLA (Collective Awareness Platform for Environmentally-sound Land Manage-
ment based on Data Technologies and Agrobiodiversity) [60]

e hackAIR: a platform for outdoor air pollution awareness [56]

e openlIDEQ: a platform to harness collaboration for social good [35]

e ClimateColLab: open problem-solving platform for climate issues [49]
e WikiCrimes: collective intelligence in law enforcement [36]

e Threadless: global community-driven design platform featuring designs created by
various designers, artists and general consumers [17]

The duration of our case study was six months and the platforms were selected on
the basis of the following pre-defined criteria: a Cl platform should (i) be available online,
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(i) its scientific knowledge should be available in the literature and (iii) it should allow
new users to participate in an event or an activity. During the case study, we built ideas
(as a passive user) to examine the procedures (as a part of the creation activity of our
model), but we never presented the ideas for assessment. We studied the proposals of
other users and examined how the groups work together in proposing new innovative so-
lutions. Based on our six months observations, we mapped several characteristics of these
platforms with our generic framework and found that these platforms could be explained
using our proposed framework.

Interestingly, we also found that when collaborating, Cl system users utilized a wide
range of communication methodologies, even the ones beyond the scope of the Cl plat-
forms. In most cases, Cl systems often provide their users with discussion forums, com-
ments, and chats services to interact and communicate with each other; however, as we
learned during the case study, Cl users often tend to use communication tools that they
are more comfortable with (for example, services such as Hangout, Discord, Telegram)
even when these communication channels are not included within the system. This ob-
servation is in line with Levy’s definition of Cl in ICT, that states that Cl activities must be
“coordinated in real-time” [61], however the definition (similar to Malone et al. [68]) does
not specify what types of communication channels and methodologies should be used.
We would argue that this is so as, communication methodologies change with time and
can depend upon the goal and the environment of a Cl system, also on the structure of a Cl
system’s crowd; therefore, defining communication methods for CI systems can be detri-
mental to a Cl framework’s generalizability. And this why when defining Cl, we explain it
as having three main components, the third being only a “means/platform for real-time
communication (viz., hardware/software)”, and not as its specific types, properties, or
interactions.

6.2 Evaluation Through Use Case Scenarios
Publications [IV] and[V] present further evaluations of our generic Cl framework.

Publication [IV] presents a crowd-oriented web-based CI platform for mental well-
being as a use case for our generic Cl model. Mental health issues refer to a broad range
of problems including depression, anxiety, and hypertension. With the rising interest in
applications of Cl (such as learning and knowledge exchange), many private organizations
started building Cl platforms to tackle mental health-related problems. In our initial in-
vestigation, we found that these platforms are popular and offer several features to help
the individuals and their doctors and family members, however, each of them has some
limitations; for example, all the platforms are owned by private organizations, and are
closed behind paywalls, furthermore, most of these systems only offer their services only
in specific areas (i.e., specific cities and countries). Furthermore, most of the systems
only offer personalized services instead of providing overall support and counselling in an
open environment. By keeping all these aforementioned points, we designed the Com-
munityCare platform for “tackling mental health issues with the help of community” [IV].
The platform is intended to tackle mental health issues by empowering citizens and bring
them together to help each other. To do so, we describe the various components of the
CommunityCare platform through the components (i.e., twenty-four unique attributes) of
our ‘generic Cl framework and thus, evaluate the framework. Figure 3 shows the details
of the mapping of four components of the Cl generic model as described in [IV].

Publication [V] demonstrates the potential of Cl for business intelligence (BI) in to-
day’s organizations [29, 34, 31, 32]. To do so, first, we explain why Cl applications (such as
problem-solving, decision making and prediction) are so popular and how can we harness
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the intelligence of employees of an organization in order to solve Bl-related problems.

7 Related Work

In this section, we provide an overview of the most cited and most relevant Cl models and
frameworks from different domains published in the field of ICT.

For [1], we analyzed three Cl models as discussed in the sequel.

The first model of Cl in ICT was proposed by Boder in 2006 i.e., “A new model for Cl
in organizations” [14]. The author states that knowledge management is a key procedure
for building new knowledge, for understanding particular questions, and for fostering in-
novation in an organization. Boder states that a major issue in knowledge management
is the creation of organizational intelligence, as it is difficult to interconnect collective
knowledge and skills from different sources and individuals into a single object. Taking
inspiration from Nonaka’s model of “The Knowledge-Creating Company” [77], Boder ex-
plains how, from a Cl viewpoint, Nonaka’s model can enable information and knowledge
exchange (from tacit to explicit) within an organization [14]. Based on Nonaka’s model,
Boder introduces three building blocks for organizational Cl that can enable creation of
organizational knowledge: development of competencies, development of goals, and de-
velopment of mechanisms. Boder explains competency development as the organiza-
tion’s need to develop complementary competencies among its employees. This is vital,
as individuals with different competencies can use their implicit knowledge to come up
with innovative solutions that might be impossible to develop in a homogeneous group.
Through goal development, the independent goals of several organizational units should
be aligned in order to allow the emergence of organizational intelligence. Finally, mechan-
ical development means that mechanisms for interactions within organizations must be
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aligned, i.e., these mechanisms should be explicitly stated to the members of the organiza-
tion, and they should foster trust and respect among the several groups within an organi-
zation. Although the model is full of important insight, we find that it is explicitly designed
for organizational contexts and, therefore, we find that the model needed to adjusted if
it were to be adapted to Cl systems on the web (which are typically non-hierarchical).

Therise of the Internet has changed the way individuals and groups collaborate and in-
teract; thanks to the Internet, millions of collectives can now collaborate with each other,
share their knowledge and experiences, solve global challenges, and propose novel so-
lutions to wicked problems [68]. For instance, through ClimateColLab, which is an open
problem-solving platform with more than 115,000 users, the members of the platform
continuously generate new ideas to tackle climate-related problems [49]. Malone et al.
examined more than 250 “web-enabled CI systems” [68], and, based on their analysis,
proposed a novel model of Cl systems. Using the analogy of biological genes, they de-
scribed Cl systems through their Cl genome model that describes these systems by asking
the questions “What is being done? Who is doing it? Why are they doing it? How is it
being done?” [68, 67]. The authors proposed that all Cl systems can be understood using
four building blocks, namely staffing, incentive, goal, and structure/process. The authors
further described that the staffing in ClI systems can be either crowds or hierarchies. In-
centives can be money, love, and glory. Goals of a Cl systems can either be results of
creation or decision, while, structures and processes can be of four types, namely collec-
tion, collaboration (i.e., creation), group decisions, and individual decisions. The authors
further explained these building blocks in context of two CI platformes, i.e., Wikipedia and
InnoCentive, and in terms of the Linux software community. Malone et al. also point out
that in the future, more genes should be added to the current pool as may be needed to
explain future Cl systems [68, 67, 65].

Another model for Cl was proposed in 2009 by landoli et al. in [48]. The authors also
emphasize the importance of the web and how it enables mass collaboration in support
of solving societal issues. In their work, landoli et al. present a novel model for collec-
tives on online communities with focus in the field of management. landoli et al. argued
that the various open issues of Cl could be organized into two categories, namely “man-
agement of collective intelligence” and “design of collaborative tools” [48]. The authors
proposed that, if collectives were to be modelled as organizations, they would need to
inherit five distinct properties, including: clearly defined objectives or goals, critical mass
(i.e., adequate number of participants), predefined sets of processes, rules and regula-
tions (for community member to follow during interactions among themselves and with
the system), and lastly, roles and responsibilities based on the tasks at hand [47, 48]. lan-
doli et al. also pointed out that, even if virtual communities were successfully modelled as
organizations, they would still encounter three critical issues. These are, that the commu-
nities would have to tackle biased knowledge, the members of a community would have
to be motivated from time to time, and the roles and responsibilities of the community
members would have to be updated from time to time, to ensure that interactions within
the community remain smooth and stable. A critical issue pointed out by the authors was
that Cl platforms must have “trust and reputation appraisal systems” if they are about
tackling the above mentioned issues [47].

For publication [l11], we analyzed nine more models of Cl as discussed in the sequel.

In order to use Cl for complex problems, it is required to built a framework for en-
gineering-oriented Cl systems. Based on published scientific literature, Vergados et al.
proposed a “resource allocation framework for CI system engineering” [114] in 2010. The
authors stated that the proposed framework can promote Cl in web-based platforms. Ver-
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gados et al. described their framework as having three main components: “human com-
munity, machine intelligence, and system information” [114]. The authors argued that the
proposed framework could be utilized to develop several distinct forms of Cl systems, and
that these systems would still have some common underlying attributes. These attributes
would include “set of possible individual actions, system state, community and individual
objectives, expected community member action functions, future system state functions,
objective functions, resource allocation algorithms, critical mass and motivation” [114]. A
brief overview of these attributes can be found in [Ill]. It is important to note here, that
Vergados et al. evaluated their framework by utilizing a simulation approach wherein they
analyzed the quality of Wikipedia articles in order to understand how the quality of the
analyzed articles could be improved by using the above-mentioned characteristics. We
argue that given that the authors only examined one Cl system, their findings can not be
considered general, and, therefore, are not applicable to other types of Cl systems.

In 2010, Schut proposed guidelines for the development of a new CI model [96]. To
propose these guidelines, the author conducted several studies and discovered crucial
contributions that clearly differentiated ClI systems from other kinds of ICT systems, for
example, information retrieval systems. Based on the available scientific literature, the
author identified two categories of properties, namely properties that enable CI (i.e.,
adaptivity, individual behaviour, system behaviour, and interactions among the collec-
tive members) and Cl-defining properties such as global-local, complex systems, redun-
dancy and emergence. Based on these properties the author proposed a “systematic ap-
proach for designing Cl system models” [96]. This systematic modelling methodology is
distributed into three levels: system design, model design and models; and is further di-
vided into three categories, namely generic modelling, specific modelling, and computer
modelling). Furthermore, to evaluate the guidelines, the author conducted two case stud-
ies: the Chinese Whispering Room study (which Schut created by combining the well-
known Chinese Whispers game and the ‘Chinese Room Argument’ thought experiment
proposed by Searle [97]) and the Braitenberg collectivae scenario (based on Braitenberg
vehicles [18]) [96]. Schut’s guidelines provide novel insights that go beyond conventionally
discussed properties of Cl, and have been the first to discuss adaptivity and emergence as
key properties required to enable Cl in ICT.

In 2010, Gregg proposed seven key requirements for designing Cl applications, namely
[41, 42]): “task-specific representation”, “data is the key”, “users add value", “facilitate
data aggregation", “facilitate data access”, “facilitate access for all devices”, and “the per-
petual beta”. The author proposed these requirements based on prior work of O’Reilly [79].
To explain how these requirements could be utilized to develop new Cl systems, Gregg
developed a web-based Cl application called “DDtrac” [41, 42]. The application was de-
signed to provide education and therapy to children with special needs. To evaluate the
proposed requirements, the author observed the application and its users over a duration
of 18 months. At the end of study, Gregg concluded that the application was successfully
able to achieve its core objective, and, therefore, the proposed requirements could be
used to create other Cl systems. We find that, although the requirements identified in the
work are critical for development of Cl systems, they are not complete, as the evaluation
has been carried out with a single domain-specific application.

To identify the common characteristics of Cl systems, Lykourentzou et al. investigated
the existing literature of Cl and identified few common characteristics for Cl systems [63].
They found that all CI systems have the following characteristics [63]: “set of possible in-
dividual actions, system state, community and individual objectives, expected user action
function, future system state function, objective function, critical mass, task and work-

26



load allocation and motivation”. Many of these characteristics are based on the work
conducted by Vergados et al., [114]. Building on Vergados et al.'s work, Lykourentzou et
al. proposed that ClI systems can be divided into two categories, namely active systems
and passive systems [63]; the active systems are further divide into collaborative systems,
competitive systems, and hybrid systems. The authors then described the various types
of Cl systems based on the proposed characteristics; these Cl systems (and initiatives) in-
cluded Wikipedia and Open Source Software Development Communities (as examples of
active collaborative Cl systems), the DARPA Network Challenge (as an example of active
competitive Cl systems), and vehicular ad-hoc networks (VANETs) (as an example of pas-
sive Cl systems). The authors also found that critical mass is a key factor for Cl systems and
that it requires further investigation to understand how many individuals or collectives are
necessary to make sound decisions or to solve problems [63].

In 2012 Georgi et al. [37], proposed a comprehensive model based on scientific liter-
ature. The authors pointed out that research in Cl is very limited and that most research
that has been conducted so far is domain-specific. To this end, the author conducted a lit-
erature review and identified three models for Cl in the existing literature. They then com-
bined these models (the Cl genome model [68], “mitigating biases in decision tasks” [15],
and Lykourentzou et al.’s CI model [64]) and identified five characteristics that could be
utilized to describe ClI systems in general. These characteristics are [37]: “objective of
the task”, “size of the contribution”, “form of input”, “form of output”, and “stakeholder”.
However, the authors did not evaluate the proposed characteristics.

In their study, Salminen conducted an SLR of scholarly articles providing case studies
on three CI platforms (Quirky, OpenIDEO, and Threadless) [94]. The author conducted
additional literature reviews and participated on the three Cl platforms over a duration of
one month. Based on these studies, Salminen investigated the role of Cl in innovation and
identified existing Cl frameworks or models. The author concluded that Cl systems can be
described as having three levels: micro, emergence and macro. These levels can be further
divided into themes, that represent different elements of theoretical Cl frameworks [94].
In their work, Salminen raised a critical issue found on Cl systems. The author found that
users often created multiple fake accounts to increase or decrease the voting counts (i.e.,
up-/down-votes) on Cl platforms, and that this can allow members of the platform to
modify the Cl systems outcomes. However, the author did not propose a solution to tackle
this issue.

Skarzauskiene et al. analyzed different available Cl frameworks and proposed a new
conceptual framework. The authors described the proposed framework as having three
levels: capacity Level, emergence Level and social maturity level [101]. The authors also
conducted qualitative and quantitative studies on the various types of actions carried out
by users on web groups in Lithuania. Combining the findings of the study with the three-
level framework, the authors proposed a novel Cl potential index.

Based on James Surowiecki’s work “The Wisdom of Crowds” [110], Matzler et al. pro-
posed that to harness the Cl inside an organization, it is essential to follow four steps:
“create cognitive diversity, promote independence, access decentralized knowledge, and
effectively aggregate knowledge” [69]. Matzler et al. also stated that wikis and blogs
are insufficient to harness the wisdom of crowd within organizations, and therefore, it
is important to follow the aforementioned four steps. To explain these steps, the au-
thor conducted two case studies. In the first, they investigated “how diversity can drive
innovation” [44], while in the second, they explored “the CEQ’s role in business model
reinvention” [40]. The authors also studied Wikipedia’s peer review system [69] and the
PreMortem exercise [55] and concluded that the proposed steps adequately enable Cl in
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organizational settings.

In 2018, Nguyen et al. proposed a novel Cl framework [76]; influenced by Bonabeau’s
work on Decisions 2.0., Bonabeau defined their contribution as “a new era of decision-
making in which the traditional decision-making process is supported using the wisdom
of crowds through collaboration and CI” [15]. Nguyen et al. supported Bonabeau’s claim
and proposed four criteria for collectives. Using the criteria (namely diversity, indepen-
dence, decentralization, and aggregation), the authors proposed a novel Cl framework
that included three characteristics: collective, aggregation methods, and collective per-
formance measures [76].

For [IV], we looked at several crowd-oriented web-based platforms. Cl platforms to-
day have become an important venue of today’s problem solving, decision making, and
learning [65, 74], and this has lead to the development various kinds of Cl systems. In [IV],
we studied CI platforms that focus on assisting individuals suffering from mental health
related issues. We found that platforms such as Kooth [88], iFightDepression [50], InnoW-
ell [92], MoodPath [20] and Talkspace [93] offer therapies and guidance for individuals
suffering from mental health issues. These platform also support family members of in-
dividuals who need therapies or other forms of psychological health support. Although
these platforms are widely popular and provide several features to help individuals, their
doctors and their family members, each of them has its drawbacks; for instance, all of
these platforms are privately owned, and therefore often expensive for most individuals,
also, the services provided by these platforms are mostly limited to specific cities, states
or countries. Furthermore, these platforms only provide personalized services rather than
providing overall help, therapies and counselling in an open environment.

8 Implications for Further Research

In future research, we will continue to work on the Cl systems and deepen research in the
following areas:

¢ | would like to investigate the role of critical mass in decision making and problem-
solving.

¢ | would like to investigate why sometimes crowds show self-destructive behaviour
(‘Mad Crowd’).

¢ | would like to investigate the literature of Cl in the field of animal behaviour, to
understand what models have been proposed by researchers in order to under-
stand self-organization behaviour and cascading behaviour. | would like to imple-
ment the same models in human behaviour to analyze the differences in their self-
organization and emergence behaviour.

¢ | would like to explore crowd behaviour on social media and understand the chal-
lenges crowds face and why, and how these challenges can be tackled.

The above-mentioned areas of research will widen the scope of Cl not only in ICT, but
also in other domains such as social sciences, group dynamics and social media. They will
also assist other researchers to understand what kind of challenges members of a collec-
tive can face from others within a system such as: online bullying, information cascading
and echo chambers.
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9 Conclusion

This work focuses on the critical issue of lack of a domain-independent and reproducible
framework for collective intelligence systems in ICT. We address these issues by devel-
oping and evaluating a novel generic Cl framework, by combining insights from the vast
literature in the field. We achieve this, by first conducting an exploratory literature study,
followed by an exhaustive meta-study of more than 9,000 scholarly articles. From the lit-
erature, we identify key components of existing Cl systems and frameworks, and combine
them to create a novel framework. The proposed framework is further explained through
a new Cl model and additional requisites that enable CI. Finally, we evaluate the generic
Cl framework through a comparative case study and multiple use-case scenarios.
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Abstract
A Generic Framework for Collective Intelligence Systems

The concept of collective intelligence (Cl), i.e., collaborative problem-solving and decision-
making, has been a keen interest of philosophers ever since the Aristotelian era. Since the
advent of the Internet in 1989, more and more interest has been shown in the concept, in
academia as well as in practice, and notions from Cl have been adopted and extended into
a wide range of scientific domains ranging from sociology, psychology, biology, manage-
ment, economics to computer science among many others. In this thesis, we focus on CI
in Information and Communications Technology, and therefore, understand Cl as having
three main components: “individuals (with data/information/knowledge); coordination
and collaboration activities (according to a predefined set of rules); and a means/platform
for real-time communication (viz., hardware/software)”. Thanks to advancements in ICT
technologies, Cl systems can be found in almost walks of life today, ranging from platforms
that enable carpooling services, to services that assist people in saving food, to support for
learning through open encyclopedias, to solving global challenges such as climate change
and pandemics. Empowered by social media technologies, today’s Cl platforms enable
effective and efficient mobilization and utilization of the skills and knowledge of crowds
on the web - by allowing collaboration and coordination on massive scales.

However, even with the plethora of Cl solutions available on the web, the development
of Cl systems still remains an exhaustive and costly venture. Literature suggests that this
is because, there is a fundamental gap in our understanding of Cl systems in general, and
that to fill this gap we need to come up with generic yet comprehensive frameworks that
can explain Cl systems irrespective of their domains. To this end, in this thesis we explore
the state of the art in Cl research and propose a novel, generic Cl framework, that is useful
for Cl researchers, Cl experts as well as developers and practitioners involved in Cl project.

The thesis contributes to the current body of research on Cl by four distinct contri-
butions. (i) It addresses the issue of reproducibility crisis and lack of systematic knowl-
edge about the underlying architectural principles of Cl systems (i.e., their frameworks
and models) in ICT. To achieve this, we investigated several state-of-the-art Cl systems
and platforms. Based on our observations, we argue that current Cl systems are devel-
oped without a sufficient understanding of Cl concepts and are rather based on intuition
and the system owners’ requirements. We also concluded that none of the available Cl
models are able to be adequately describes today’s Cl systems. (ii) By conducting an ex-
haustive literature review of more than 9,000 scholarly articles published since 2000, we
provided the first exhaustive study of Cl-related scientific articles. From these, we iden-
tified 12 frameworks designed to support development of Cl systems. Through our work,
we examined each of these frameworks and provided a comparative of the novelties and
pitfall of these frameworks. (iii) Building on this analysis, we elaborated a novel ‘generic’
Cl framework that exhibits the components of current state-of-the-art Cl frameworks. The
proposed framework is explicitly designed to tackle the identified pitfalls, while it is at the
same time both generic and comprehensive. (iv) To validate the genericness of the pro-
posed framework, we utilized several evaluation methodologies. First, we conducted a
comparative case study of six open and emerging Cl platforms. Next, we explained the
components of the proposed framework through two use case scenarios, each designed
as a crowd-oriented web-based platform. Through this evaluation we conclude that the
proposed framework can be used to describe any CI platform, and therefore provides a
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complete view of Clin ICT.

As part of future research, we would like to investigate currently less-known aspects of
Cl, including the role of critical mass in Cl, potential challenges that social media presents
to Cl and reasons for Cl turning into self-destructive behaviours.
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Kokkuvote
Kollektiivse intelligentsuse siisteemide lildine raamistik

Kollektiivse intelligentsuse (KI) kontseptsioon ehk koostodl pohinev probleemide lahen-
damine ja otsuste tegemine on filosoofe kéitnud juba Aristotelese ajast peale. Alates in-
terneti loomisest 1989. aastal on nii akadeemilistes ringkondades kui ka praktikas hakatud
Gha enam huvi tundma kollektiivse intelligentsuse (KI) vastu ning KI-mdisteid on Ule voe-
tud ja laiendatud paljudes teadusvaldkondades, sealhulgas sotsioloogias, psiihholoogias
bioloogias, juhtimises, majandusteaduses ja arvutiteaduses. Doktorit66s keskenduti info-
ja kommunikatsioonitehnoloogia (IKT) valdkonnale. Selles kontekstis on KI-I kolm péhi-
komponenti: Gksikisikud (andmete/teabe/teadmistega), koordineerimine ja koostootege-
vus (vastavalt eelnevalt maaratletud reeglistikule) ning vahendid/platvorm reaalajas suht-
lemiseks (st riistvara/tarkvara). Tanu IKT arengule leiab tdnapaeval Kl-stisteeme peaaegu
koigis eluvaldkondades. Naiteks platvormid, mis voimaldavad séidujagamisteenuseid, tee-
nused, mis aitavad inimestel toitu sdasta, avatud entsiiklopeediad, mis toetavad 6ppimist
ja samuti tilemaailmsete probleemide lahendamine, naiteks kliimamuutus ja pandeemia.
Tanapaeva Kl-platvormidega saab veebis sotsiaalmeedia tehnoloogiate toel makrotasan-
dil rahvahulkade oskuseid ja teadmisi tohusalt ja tulemuslikult mobiliseerida.

Siiski, kuigi veebis on hulgaliselt Kl-lahendusi, on KI-stisteemide arendamine ikka veel
mahukas ja kulukas ettevétmine. Erialase kirjanduse pohjal on see on tingitud sellest, et
Gldine arusaam Kl-stisteemidest on puudulik. Selle liinga taitmiseks tuleb leida (ldised,
kuid samas pohjalikud raamistikud, mis suudavad kirjeldada KI-stisteeme séltumata nen-
de valdkonnast. Seeparast on kiesoleva t66 eesmark uurida Kl-uuringute seisu ja pak-
kuda vélja uudne Kl-tldraamistik, mis on kasulik nii Kl-uurijatele, KI-ekspertidele kui ka
Kl-projektis osalevatele arendajatele ja praktikutele.

Doktorit6o taiendab praegust Kl-alast teadustéod peamiselt neljast aspektist: (i) see
kasitleb Kl-stisteemide (st nende raamistike ja mudelite) aluseks olevate ulesehituspéhi-
motete (st nende raamistike ja mudelite) taastatavuse probleemi ja stiistemaatiliste tead-
miste puudumist IKTs. Selleks uuriti mitmeid tdnapaevaseid Kl-slisteeme ja -platvorme.
Kirjanduse uurimisest jareldati, et praegused Kl-stisteemid on valja t66tatud piisava aru-
saamata infoslisteemide mdistetest ning pohinevad pigem intuitsioonil ja siisteemi oma-
nike ndudmistel. Samuti jareldati, et Gkski olemasolevatest KI-mudelitest ei kirjelda adek-
vaatselt tanapievaseid Kl-slisteeme, (ii) viidi 13bi esimene KI-teemaline kirjanduse Ule-
vaade, milleks kasutati enam kui 9000 teadusartiklit, mis on avaldatud alates 2000. aas-
tast. Nende hulgast leiti 12 raamistikku, mis on méeldud Kl-slisteemide arendamise toe-
tamiseks. Toos uuriti koiki neid raamistikke ning vorreldi nende raamistike uuendusi ja
kitsaskohti, (iii) sellele anallilsile tuginedes to6tati valja uudne Ki-stisteemide tldraamis-
tik, mis Ghendab endas praeguste tipptasemel Ki-raamistike komponendid. Vilja td6ta-
tud raamistik on samal ajal nii Gldine kui ka pohjalik ja see on loodud konkreetselt sel-
leks, et lahendada tuvastatud kitsaskohti, (iv) valjapakutud raamistiku Gldisuse kehtivuse
kinnitamiseks kasutati mitut hindamismeetodit. Esmalt viidi |abi kuue avatud ja areneva
Kl-platvormi vordlev juhtumiuuring. Seejarel kirjeldati pakutud raamistiku elemente kahe
konkreetse olukorra pdhjal, mis olid mélemad mdeldud rahvahulgale suunatud veebipd-
hised platvormid. Hindamise poéhjal jareldati, et valja to6tatud raamistikku saab kasutada
mis tahes info- ja kommunikatsioonitehnoloogia platvormi kirjeldamiseks ja seega annab
see taieliku tlevaate kollektiivsest intelligentsusest info- ja kommunikatsioonitehnoloogia
valdkonnas.
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Edaspidi tuleks uurida KI vihemtuntud aspekte, sealhulgas kriitilise massi rolli, sot-
siaalmeedia voimalikke valjakutseid ja enesehavituslikuks kditumiseks muutumise poh-
juseid.
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Abstract. Over recent years, Collective Intelligence (CI) and crowd-
sourcing platforms have become a vital resource for learning, problem-
solving, decision making and predictions. Unfortunately, the only generic
model for developing CI systems (i.e., the CI Genome model) was pub-
lished nearly a decade ago. Most articles that discuss this model only
use examples of older CI projects, thereby raising the question ‘Can
the genome model comprehensively describe recent CI platforms? If not,
what new genes could be proposed to improve the model’? In this arti-
cle, we answer this question by conducting an analysis of 10 CI projects
developed after 2015. We first analyze these projects with respect to the
genome model, and then identify three new components namely: Benefi-
ciaries, Knowledge and Social Cause, and Collaboration-based Contest;
that could help us improve the genome model, thereby improving our
understanding of more recent CI initiatives.

Keywords: Collective intelligence - Wisdom of crowds -
Crowdsourcing + Genome model - Exploratory analysis

1 Introduction

The idea of collective intelligence (CI) or ‘wisdom of crowd’, has been a keen
interest among researchers at least ever since the 1780s; when Marquis de
Condorcet proposed the “Jury Theorem” [6]. Since then, numerous authors,
researchers and philosophers from different research areas have provided a wide
range of insights into the social and biological aspects of CI. The first formal
definition of CI in Information and Communications Technology (ICT) how-
ever, was provided by Pierre Lévy in 1994 (i.e., after the inception of the World
Wide Web). Lévy described CI as “a form of universally distributed intelligence,
constantly enhanced, coordinated in real time, and resulting in the effective
mobilization of skill.” [7]; followed by the several others, among which the most
cited definitions are the ones proposed by Glenn (in 2013 [5]) and Malone et al.
(in 2015 [10]). Interestingly, both Glenn’s and Malone’s work were influenced by
the rising interest in the Social Web, which gained popularity in the early 2000s.

© Springer Nature Switzerland AG 2019
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Since then, numerous research institutes and organizations have developed
and deployed several CI platforms that have enabled coordination, collabora-
tion and competition among individuals [7] over the Web. Some commonly dis-
cussed applications of such platforms include: prediction markets [11], crowd-
sourcing [13], and open innovation [4]. This interest in applications of CI has
allowed for distinct research in a variety of fields such as biology [2], manage-
ment [1], computer science [5] and citizen science [15]. And this has, therefore,
lead to the development of distinct CI frameworks and models like the ones pro-
posed by Luo et al. [8], Malone et al. [11], Lykourentzou et al. [9] and Nguyen
et al. [12]. Most of these models are designed using insights from specific domains,
and are based on domain-specific requirements; presented as completely distinct
entities. Unfortunately, this abundance of knowledge has not yet lead to the
development of a comprehensive generic model for CI. Among the available mod-
els, the most cited is the “the CI genome” model proposed by Malone et al. [11].

Malone’s genome model describes the components of CI systems by answering
the questions about “Who? Why? What? How?” [11]. Deriving from the answers
of these questions, the authors propose the ‘genes’ of CI systems and explain that
the combination of these genes (i.e., genome) is what classifies one CI system
from another. Although widely accepted, the model, however, lacks granularity
and needs to be developed further [11]. Furthermore, the CI platforms (Linux,
Threadless, Wikipedia and InnoCentive) used to describe these genes are some of
the most commonly discussed examples and were developed at least two decades
ago. This implies that the comprehensiveness of the genome model could be
conclusively evaluated by examining newer CI platforms using the model. And,
the results of the analysis could provide us with new insights, which could help
us come up with new genes (i.e., components).

With these hypotheses in mind, we conduct an exploratory analysis of 10 CI
projects developed within the EU’s Horizon 2020 research framework. Each of
the chosen projects were developed in or after 2015 (some ongoing) and were
selected based on the availability of their deliverables, technical reports and
publications. To ensure the reproducibility of our research, we only selected the
projects whose related documents were openly available on the Web. Further-
more, to gain a deeper understanding of the inner functioning of these platforms,
we also registered and participated in each of the platforms. Finally, based on
the findings of the analysis, we present a set of components that could help us
improve the CI genome model. The remainder of the paper is structured as fol-
lows. In Sect. 2, we briefly describe Malone’s genome model for CI. In Sect. 3,
we describe the previously mentioned 10 CI platforms. Section4 discusses the
findings of the analysis and Sect.5 concludes the paper.

2 The Collective Intelligence Genome

The genome model defines CI systems using the analogy of biological ‘genes,’
i.e., its building blocks. And to better explain and classify these building blocks,
Malone et al. use four questions “Who is performing the task? Why are they
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doing it?” and “What is being accomplished? How is it being done?” [11].
The answers to these questions namely staffing, motivation, goal and struc-
ture/process are classified into different ‘genes’ and “the full combination of
genes |...] can be viewed as the genome” [11] of any particular CI system. It is
this ‘genome’ of each CI system that distinguishes it from other similar systems.

To better explain the genome model, we describe the components of the CI
platform Kaggle ‘Home for Data Science’ using the ‘genes’ proposed by Malone
et al. [11]. Launched only a decade ago, the Kaggle platform is designed to gather
solutions to complex data science problems by “tapping CI of worldwide data
science community” [3].

— Who genes: These genes answer the question “Who undertakes the activ-

ity?” [11] and are classified into two basic genes ‘hierarchy’ and ‘crowd’.
Hierarchy describes an individual or a group who have been assigned some
tasks by the host (the organization that built the CI system or the one that
raised the challenge). For instance, in Kaggle, an organization that hosts (i.e.,
provides the dataset and evaluates the solutions) the competition is the Hier-
archy. Such organizations work in collaboration with Kaggle, which allows
them to host competitions on the platform.
Crowd on the other hand, describes an individual who is not assigned specific
tasks (by an authoritative figure) and may choose to contribute according to
their own will. In Kaggle, individuals or groups of participants who participate
in competitions, share new datasets or provide new solutions and feedback,
are all part of the Crowd.

— Why genes: These genes answer the question “Why do people take part in

the activity?” [11]. These genes are classified into three basic genes, namely
‘money’, ‘love’ and ‘glory’. Money or financial gain can be an important
motivator for both individuals employed by the host and the members of the
Crowd, who are willing to share new ideas and innovative solutions. Love or
interest/passion are intrinsic motivators that can encourage an individual to
contribute to the system even in the absence of financial motivators. Finally,
individuals interested in earning recognition or reputation are motivated by
the Glory gene.
Kaggle motivates its users using all three Why genes. Participants who submit
solutions in competitions are motivated by money, while others are either
motivated by the ‘Kaggle Rankings’ in Competitions, Kernels and Discussion,
i.e., glory; or are motivated by their love and interest in learning about data
science and machine learning.

— What genes: These genes answer the question “What is being done?” [11] and
are classified into two genes ‘create’ and ‘decide’. Create describes activities
where an individual or a group contributes to the system by generating new
ideas, artefacts or solutions. Decide describes the activities where members
of the platform evaluate others’ contributions and select the best ones.

In Kaggle, participants Create by submitting new datasets, pieces of codes
and answers to questions (in discussions); and Decide the best topics of dis-
cussions, answers and kernels (i.e., codes) by up-voting others’ contributions.
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— How genes: These genes answer the question “How is it being done” [11].
Malone et al. classify this genes as ‘collection’ (independent-create activ-
ities), ‘collaboration’ (dependent-create activities), ‘individual decisions’
(independent-decide activities) and ‘group decision’ (dependent-decide activ-
ities). Collection can be described as the creation of new ideas, solutions and
artefacts independently contributed by individual members of the Crowd; a
sub-type of this gene is Contest, in which submitted contributions are eval-
uated and the best ones are rewarded. In contrast to the ‘collection’ gene,
Collaboration occurs when members of the Crowd work together to come up
with new things. Lastly, Group decisions and Individual decisions occur when
members of the Crowd make some choice or decision; that can have an effect
on the group as a whole, or on just the individual (respectively).

In Kaggle, the Collection gene occurs when participants contribute to the
platform in form of data-sets, kernels and questions/answers (in discussions).
While, kernels submitted in Kaggle Competitions belong to the Contest gene.
And, the overall aggregated knowledge (in the form of codes, suggestions
and feedback) about any given dataset or challenge can be viewed as a Col-
laboration. Similarly, Individual decisions are represented by the individual
up-votes participants give to a dataset, kernel or question/answer. Whereas,
the ‘Hotness’ of the datasets, kernels or questions/answers (calculated based
on the overall up-votes) and represents the Group decision of the community.

3 Exploratory Analysis

As mentioned in Sect.1 we now attempt to evaluate the comprehensiveness of
the CI genome model by examining several ongoing/recent CI projects with
respect to the different ‘genes’ proposed by Malone et al. [11]. To this end,
we decided to investigate CI and crowdsourcing projects developed within the
EU’s Horizon 2020 Research Framework, considering that the deliverables and
technical reports of such research projects are openly accessible on the Web. We
opted to investigate EU funded projects over other popular business-oriented
CI projects like GoldCorp and Threadless, since business-oriented platforms are
typically owned by private organizations and therefore the technical descriptions
of such platforms are not available in published literature. Business-oriented
platforms that are discussed in scientific articles are generally published as case-
studies and focus more on the theoretical aspects of the projects and not the
technical aspects.

As an additional selection criterion, we decide to choose only those projects
that were launched in the last five years. And, had alteast 3000-5000 registered
users. Based on the availability of the projects’ documentation and access to the
projects’ website, we decided to examine 10 CI platforms listed in Table 1.

To gain a clear understanding of these platforms, we first examined the avail-
able reports (from the projects’ website) and then registered as a participant on
each of the platforms; after which we studied the different components, activ-
ities, motivations and goals of these platforms, over the duration of a month
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Table 1. List of selected Collected intelligence projects

PID | Project title Start date | End date | URL

P1 |CIPTEC May’ 2015 | April’ 2018 | ciptec.eu

P2 |POWER Dec’ 2015 | Nov’ 2019 | power-h2020.eu
P3 | Crowd4Roads |Jan’ 2016 | Dec’ 2018 | c4rs.eu

P4 | OpendCitizens |Jan’ 2016 | June’ 2018 | opendcitizens.eu
P5 | Saving Food 2.0 | Jan’ 2016 | Dec’ 2017 | savingfood.eu
P6 |CAPTOR Jan’ 2016 | Dec’ 2018 | captor-project.eu
P7 | COMRADES Jan’ 2016 | Dec’ 2018 | comrades-project.eu
P8 |SOCRATIC Jan’ 2016 | Feb’ 2018 |socratic.eu

P9 | ChildRescue Jan’ 2018 | Dec’ 2020 | childrescue.eu
P10 | Share4Rare Jan’ 2018 | Dec’ 2020 |sharedrare.org

(February’ 2019 - March’ 2019). Participating in these platforms, helped us gain
a better understanding of the inner functioning of each of these projects.

Combining our finding from the related documents and based on our experi-
ences while using the platforms, we first present a brief summary on the selected
CI projects; followed by the list of different components of the platforms classified
according to the genome model.

— CIPTEC: CIPTEC aims to bring new innovative solutions in the form of
services or business models, which can help improve urban public transport
(PT). The platform gathers and analyzes customer & market intelligence to
understand the demand for urban PT. Based on its finding CIPTEC then
uses crowdsourcing and co-creation workshops to come with innovative ideas
to solve the previously identified PT challenges and issues.

To gather innovative ideas from its users (i.e., Crowd), CIPTEC uses com-
petitive crowdsourcing (i.e., Contest); whereas collaborative crowdsourcing
(i.e., Collaboration) is used to review, rate and discuss the submitted ideas.
Members of the CIPTEC (Crowd), motivated by Love can choose to rate and
provide feedback to the submitted ideas (Individual Decisions). Based on the
users’ feedback the best ideas are selected for the co-creation workshop, where
the 15 most up-voted ideas (i.e., Group decision) are discussed and ranked
by CIPTEC’s expert advisory board (i.e., Hierarchy). After which, the top
two ideas with the highest ranking/scores are rewarded with Money and free
entrance to public transport (for a period of time).

In addition to its platform, the CIPTEC project also provides a free online
toolkit to improve coordination in the planning of solutions and measures
in urban PT. The tool can be used by citizens as well as by the transport
authorities and policymakers; and allows its users to provide feedback for new
implemented ideas in terms of feasibility, ability and novelty.

— POWER: The main goal of POWER is to spread awareness and take actions
on four water challenges namely: reduction of water consumption (in Milton
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Keynes, UK), water quality (in Sabadell, Spain), flood risk (in Leicester, UK)
and water conservation (in Jerusalem, Israel). POWER provides a channel for
interaction, idea contests and knowledge sharing among citizens, municipal
authorities, research organizations and policymakers. The motive of POWER
idea contests is to generate new innovative ideas for climate change (specifi-
cally problems related to floods and droughts) and to engage communities in
order to solve water sustainability issues.

Members of the Crowd can provide contributions in the form of sustainability
apps and educational /awareness-building projects. The types of users, their
motivations and the idea submission-selection process of POWER is simi-
lar to the CIPTEC project. The contributors of 10 most up-voted ideas (in
any given POWER competition) are invited to a conference, where the com-
munity (i.e., Hierarchy including municipal authorities, policy makers and
research organizations) select the best contributions; and assist the contrib-
utors in developing their ideas by providing both guidance and funding. As
an intrinsic motivator, the POWER platform also provides its users with a
community and personal progress score that indicates their preparedness on
problem awareness, know-how and readiness to act to save water.

— Crowd4Roads: The Crowd4Roads project combines two initiatives, i.e., trip
sharing and crowd sensing; and attempts to solve two well-known sustain-
ability issues of road transport: low occupancy rate in cars and delay in road
maintenance. The project attempts to resolve these issues by combining two
transport related services, namely BlaBlaCar (a ride-sharing service) and
SmartRoadSense (a crowdsourced road-quality sensing tool).

BlaBlaCar is a trusted trip sharing (i.e., carpooling) initiative that allows
people travelling between pairs of cities to connect and share rides. Car
owners travelling from one city to another can offer available seats in their
cars, to people who would like to join the trip in exchange for fuel expenses.
SmartRoadSense, on the other hand, is a crowd sensing system that exploits
the accelerometers of car-mounted smartphones to collect data about road
roughness; and helps policymakers in taking well-informed road maintenance
decisions.

Crowd4Roads plans on integrating the carpooling services of BlaBlaCar into
its SmartRoadSense app. Doing so the platform intends to provide citizens
(i.e., Crowd) with a platform where users can contribute information about
road quality (i.e., Collection) and policymaker could then use this collective
knowledge (i.e., Collaboration) to make better-informed decisions about road
maintenance (i.e., Group decision). Finally, the Individual decisions of the
users on the platform can be seen in their choice of using the BlaBlaCar
carpooling service. The users of the Crowd4Roads project can either be moti-
vated by their Love for sustainable transport or by Glory and geo-coins (i.e.,
virtual Money) within the system’s gamification mechanism.

— Open4 Citizens: The aim of the OpendCitizens project is to empower citi-
zens by allowing them to work with programmers, researchers and policy-
makers, with the goal to make better use of the open data provided by dif-
ferent governing bodies and organizations; thereby helping in improving the
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quality of life in urban areas, specifically in Copenhagen (Denmark), Karlstad
(Sweden), Rotterdam (Netherlands), Milano (Italy) and Barcelona (Spain).
To achieve this aim, Open4Citizens organized multiple hackathons in each of
the previously mentioned cities.

Each of these hackathon events was divided into three sub-events, namely
pre-hackathon, second hackathon and post-hackathon. During the first stage
(pre-hackathon) citizen groups and communities (i.e., Crowd) present chal-
lenges/issues which could be solved by open data (motivated by Love); to
public officers and stakeholders (i.e., Hierarchy). The public authorities then
take a Group decision and select the most important issues they would like
to get solutions for through the hackathon. After this, the public authorities,
together with the open-data owners, decide the specifications and framing
of the dataset that would be provided to the participants of the hackathon.
During the main hackathon (i.e., Contest) event citizens, programmers and
researchers (i.e., Crowd) work together and co-create solutions (i.e., Collab-
oration) that are then evaluated by a panel of judges (employed by the gov-
erning bodies) and the best solutions are rewarded in cash (i.e., Money).

In the post-hackathon event, the solutions provided by the participants
are made available on the ‘OpenDataLab platform: ODL’ (designed by the
Open4-Citizens team). The goal of this platform is to provide citizens, stu-
dents, researchers and policymakers with the consolidated knowledge and
tools acquired from the hackathon events; and to raise awareness among citi-
zens about the advantages and uses of open data, through experimental tools.
Saving Food 2.0: The SavingFood project is a collective awareness plat-
form that attempts to tackle food waste in the UK, Greece, Hungary and
Belgium. The aim of the project is to raise awareness about food waste among
citizens and to provide a solution by which organizations like supermarkets,
restaurants and catering services can donate extra food to the people in need.
The platform classifies its participants (i.e., Crowd) into three groups: donors,
recipients and volunteers. The donors are organizations that prepare and store
food in large quantities on a daily basis and would like to donate excess food
items that might go to waste. The recipients are non-profit organizations like
Boroume, Feedback and HFA who provide food to the vulnerable groups and
people in need. Finally, the volunteers are citizens who would like to help in
the social cause by transporting the food from the donors to the recipients.
The collective activities of all three participant groups can be viewed as Col-
laboration as groups of participants come together and help in preventing the
wastage of food.

The SavingFood project provides its participants with a Crowdsourced map
that bridges the gap between donors and recipients. Both donors and recip-
ients can mark their locations or events on the map within the platform;
thereby providing a Collection of addresses of possible collection or drop
points for excess food. Participants of the platform can also provide Individ-
ual decisions in the form of ratings, to each other. The system aggregates
the ratings and contributions of participants to reward them with individual
scores and badges, thereby motivating them not just by Lowve but also by
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Glory. In addition to the badges, the system also provides the donors with
a ‘Food Waste Cost Calculation Tool’ that motivates them to donate excess
food by calculating the economic and environmental cost of the food waste.

— CAPTOR: The CAPTOR project aims to monitor ozone pollution lev-
els in three European regions: Barcelones-Valles Oriental-Osona (Catalonia,
Spain), Pianura Padana (Po Valley, Italy) and Burgenland, Steiermark and
Niederosterreich (Austria). The project empowers citizens and governing bod-
ies by providing them with real-time ozone pollution data and helps them
in making well-informed decisions for behavioural and policy changes. The
project also attempts to raise awareness about elevated ozone levels, and it’s
effects on the day-to-day life of citizens. The developers of the CAPTOR
project have designed two main artefacts that support this cause. First, an
ozone sensor that is developed, updated and serviced by the CAPTOR team;
and second, the CAPTOR tools (AirTact and CaptorAIR) that allow citizens
to visualize the ozone data on an interactive map (on the Web). Citizens who
wish to host an ozone sensor at their residence can participate in the project
as volunteers (i.e., Crowd), and are only motivated by Love. Once established,
these ozone sensors capture the pollution data in the local vicinity and send
the data to the CAPTOR repositories (i.e., Collection). This collected data is
then aggregated and presented on the project’s website (i.e., Collaboration).
Using this knowledge citizens, communities and, non-governmental organiza-
tions (NGO)s and governing bodies (i.e., Hierarchy) can then propose and
introduce new policies (i.e., Group decision) to help reduce the ozone pollu-
tion in the city. Finally, the CAPTOR team, in collaboration with researchers
and NGOs, also conduct workshops where they motivate and educate citizens
to take part in the project initiatives.

— COMRADES: The COMRADES project aims to provide an open source plat-
form that can assist communities by helping them “reconnect, respond to, and
recover from crisis situations”!. The project does so by providing communities
with two open source services, namely CREES Services (Crisis Event Extrac-
tion Service) and Rumour veracity classifier. The services allow its users to
analyze tweet and shorts messages from citizens and communities experienc-
ing or witness any kind of crisis; by either validating the truthfulness of a
given text or by determining key components (like event type and informa-
tion discussed) of a crisis related tweet.

The users of the COMRADES project are categorized into three main groups:
first, the communities affected by the crisis (i.e., beneficiaries); second, the
reporters (i.e., Crowd) or the intrinsically motivated (i.e., Love) citizens and
communities (i.e., Crowd) who share details of the crisis (i.e., Collection) on
platforms like Twitter; and finally, volunteers and technical communities (i.e.,
Hierarchy) who host and use the COMRADES services to analyze and inter-
pret incoming tweets and messages, and then provide this aggregated infor-
mation (i.e., Collaboration) to the professional responders (i.e., Hierarchy)
like: members of civil protection authorities, emergency services, government

! https://comrades-project.eu/.



Exploratory Analysis of CI Projects Developed Within Horizon 2020 293

agencies, local and international NGOs and UN agencies. These professional
responders then take collaborative actions to assist, rescue, and support the
affected.

— SOCRATIC: The main goal of the SOCRATIC project is to provide a collab-

orative space for citizens and organizations so that both can work together
to identify, share and develop innovative solutions to achieve the three sus-
tainable goals set by the United Nations?.
The SOCRATIC platform offers a set of tools and services that support ‘Social
Innovation Project Life Cycle’. The workflow for creation and selection of
new ideas is exactly the same as to ones seen in the CIPTEC project. The
key users of the system include individual or groups of challenge solvers (i.e.,
Crowd), challenge owners, coordinators and platform owners (i.e., Hierarchy),
and beneficiaries. The challenge owners and platform owners raise challenges,
solutions to which are proposed by challenge solvers who compete to achieve
financial rewards. And finally, individuals and coordinators choose the best
contributions.

— ChildRescue: The ChildRescue project aims to “effectively reduce the primary

period between the moment a child is reported missing and the one when it is
found”?. The project intends to attain three primary goals: to develop reliable
scientific methodologies that can assist in missing investigation, to develop of
a ChildRescue platform that is integrated to platforms of relevant government
bodies and finally, to educate and familiarize citizens with the ChildRescue
platform.
The ChildRescue app classifies the process of finding missing children into
four phases. During the first phase, law enforcement agencies, other governing
bodies and ChildRescue administrators (i.e., Hierarchy) collect the details
of missing migrant children and share it on the ChildRescue platform. The
uploaded information is then examined by NGOs, caretakers and search &
rescue teams (i.e., Hierarchy motivated by Love), who attempt to gather more
details about the children. This aggregated information (i.e., Collaboration)
is then viewed by members of society (i.e., Crowd motivated by Love) and
by search & rescue teams who help in tracking down the whereabouts of
the missing children. The details of the whereabouts of the children are then
shared on the platform, after which the law enforcement agencies and other
government bodies rescue the children in a safe and respectful manner.

— Share4Rare: The SharedRare (S4R) platform provide a safe environment
where patients, their family members and carers can share their experiences
with clinicians and researchers; and can help in making other patients’ lives
better by contributing in ongoing research. The project is piloted towards
two rare conditions: rare paediatric tumours and neuromuscular disorders;
and intends to gather clinical data from 2019 to 2020.

The project would have two types of communities: the awareness commu-
nity (i.e., Crowd) that would constitute of patients with rare conditions and

% https://www.socratic.eu/about-us-3/.
3 https://www.childrescue.cu/.
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their carers; and the empowerment community (i.e., Hierarchy) which would
constitute of the medical practitioners, experts and researchers. Both intrin-
sically (i.e., Love) motivated communities would share their knowledge and
experiences over the platform (i.e., Collection); and combining this knowl-
edge (i.e., Collaboration) the empowerment community would propose new
research and guidelines that could help support/improve the condition of the
patients.

4 Additional Components for the Genome Model

Based on our exhaustive exploratory analysis described in the previous section,
we are able to classify different components of the studied CI platforms based
on the genome model. However, as we expected, during our investigation we
found that each of the CI platforms had some components that could not be
described using ‘genes’ [11]. These components include: Beneficiaries, Knowledge
and Social Cause, and Collaboration-based Contest, and are described as follows:

— Beneficiaries: As mentioned in Sect. 2 the genome model classifies the Who
genes as Hierarchy and Crowd [11]; however, we found that each of the above
described CI platforms also had a third member of the staffing namely, the
Beneficiaries. These Beneficiaries could be both organizations and end-users;
while, the beneficiary organizations use the solutions and knowledge gener-
ated by CI to develop new products and services; the end-users aim to utilize
the services and knowledge production on the platform for individual ben-
efits, including their interest to learn about innovative ideas and ongoing
research. Such members of the platform, do not participate in any create
or decide activities but still aim to gain from the platform in one form or
another. Example of such Beneficiaries can be seen in CrowdjRoads where
users interested in road quality data can simply check the same at SmartRoad-
Sense website; whereas, in Saving Food 2.0 its the vulnerable groups that are
provided with the food; and in CAPTOR its the citizens who just want to
keep an eye on the ozone pollution levels in their vicinity, but are not willing
or cannot afford to establish a CAPTOR sensor at their place of residence.

— Knowledge and Social Cause: Knowledge and Social Cause are another set
of possible ‘genes’ that we found in each of the CI projects. Although these
motivators are similar to Love which is defined as intrinsic enjoyment, we
realized that an individuals thirst for Knowledge and enthusiasm to support
a Social Cause could be distinctly identified when compared to mere interest
or passion. However, to understand the exact difference between these moti-
vators and Love, we would have to investigate theories of motivation from a
social science perspective.

— Collaboration-based Contest: Finally, we found that many of the CI platforms
allowed groups of individuals to participate in Contests as ‘teams’; thereby
allowing not just collection-based contests, but also collaboration-based con-
tests. However, as we stated earlier, the genome model suggests that only
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creation activities conducted by independent members of the Crowd can be
described using the Contest gene. This is a vital finding, because although lit-
erature suggests that ‘collaboration-based contests’ are an important part of
CI [14]. However, none of the published CI frameworks and models explicitly
define it as a component. Therefore, we are convinced that adding a new How
gene that describes creation activities by dependent members of the Crowd
viz. ‘collaboration-based contests’ could help improve the comprehensiveness
of the genome model.

5 Conclusion

To summarize, this article attempts to validate the comprehensiveness of the
genome model for CI and presents a set of components that could be included in
the genome model to improve its granularity. To this end, we first provide a brief
description of the genome model and then explain the different genes using the
example of a crowd oriented data science platform ‘Kaggle’. We then identified
a set of recent or ongoing CI platforms that were developed within the EU’s
Horizon 2020 research framework. And, selected 10 CI projects based on the
availability of the project documentation and accessibility of the project’s web-
site. We exhaustively analyzed the related documents of each of these platforms;
and then, for a deeper understanding of the projects’ inner functionalities, we
examined the platforms as participants. Based on our findings, we compared the
different components of these platforms to the ‘genes’ of the genome model and
identified three components which could not be described using the model. We
believe that this article is just a first step towards developing a novel compre-
hensive generic CI model. And, we hypothesize that analyzing and aggregating
other CI models with the genome model could help us achieve this goal.
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With the emergence of new web paradigms, we currently see a
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social web. However, this rising interest in social platforms has also
led to the rise of numerous new challenges, especially issues like
fake-news, filter-bubble, and web-page-decay. Motivated by these
issues, we propose a novel DOM-oriented edit distance anchoring
approach that enables stable tracking of ephemeral web content.
We argue that such a stable anchoring approach could indeed foster
the creation of a browser-based crowdsourcing information system
that could help us tackle rising issues on the web. Building on this
hypothesis, we present a new web annotation tool called Tippanee,
that is designed around the proposed anchoring approach; and
provides its users with a collaborative environment where web
users could help in improving the quality of textual content on the
web by annotating, archiving, linking, sharing and semantically
describing content on-the-fly.
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1 INTRODUCTION

Since the inception of the World Wide Web (WWW) three decades
ago, the Web has transformed from a mere medium for broadcast
to a dynamic social environment, emerging as a pre-eminent mech-
anism for global communication, education, political-economic-
cultural exchange and more [4]. This rising interest in the Web
and its applications has led to a paradigm shift [19] in the ways
we solve challenges (e.g., [16]), exchange knowledge/information
(e.g., [13, 20]) and innovate (e.g., [12]); specifically by enabling
Collective Intelligence through the Social Web [30].

Unfortunately, for a medium that has become so significant to
our day-to-day lives, the Web has started to “wane in the face of
a ‘nasty storm’ of issues” [32] such as clickbait, fake news, and
misinformation [17]. This emerging trend of fake news is further
fueled by the formation of so-called social media filter-bubbles [26],
thereby causing ideological polarization [11] among social media
users [2]. In addition to these issues, the Web’s expansiveness and
ephemerality are also becoming increasingly worrisome [9, 28].
Studies have illustrated that the contents of most web pages now
change within days, and the decay rate of web documents has
dropped to nearly two years [25]. All of this is disconcerting, not
only from end-users’ perspective but also for content creators, de-
velopers, scholars, and researchers; since these digital artifacts not
only represent our web experience, but they also hold our collective
knowledge [28].

As the literature suggests, a viable approach to tackle some of
these challenges could be to leverage the ‘wisdom of the crowd’ [31,
36]. However, in order to design a multifaceted crowdsourcing
information system [14] to save the Web, the system must fulfill
three additional requirements. First, the system must act as “a con-
versation layer over the entire web” 1. Second, the system should
treat web content as “first-class Web citizens” [8]; and finally, the
algorithms through which the system interacts with web content
shouldn’t be susceptible to the Web’s ephemerality. Interestingly
enough, a class of systems that fulfill the first two requirements
perfectly and has gained tremendous interest in recent WWW
literature is “web annotation”. However, the state-of-art web an-
notation platforms (like Hypothesis) are either unable to cope up
with ever-changing web content [1] or, explicitly rely on website
owners/developers to be integrated onto the websites (in case of
W3C’s Web Annotation Standards).

To address these challenges and to build upon our previous re-
search [10, 27, 33], we set out to design an artifact that provides a
twofold contribution. We first present a novel anchoring approach

!Hypothesis article: “To enable a conversation over the world’s knowledge’ |
https://web.hypothes.is/about/
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that can robustly reattach annotations on both static and arbitrar-
ily generated web pages; and then explain how enabling users to
interact with the Web by means of stable annotations could sup-
port end-user-oriented archiving, linking, sharing and describing
(semantically) of web content, on-the-fly. With our work, we set
out an alternative approach to achieve the vision of a “humanist
format for re-usable documents and media” [24] by facilitating the
amalgamation of state-of-web technologies with ‘wisdom of crowd’.

To evaluate the robustness of the proposed anchoring approach,
we integrated the algorithm into a lightweight, user-friendly web
annotation tool named Tippanee 2. And, to validate our conjec-
ture that crowdsourcing could help us resolve the aforementioned
issues with the Web, we designed Tippanee as a social web anno-
tation platform where users can create, store, link, visualize and
share textual annotations while browsing the Web. Additionally,
we added features that allow Tippanee users to add semantic de-
scriptions to annotated contents, transclude annotations onto other
web pages, and view orphaned annotations in their original state,
even when the annotated content is altered or completely removed.
As a preliminary evaluation of our research, we evaluated Tippa-
nee’s anchoring approach by annotating more than 650 random
web pages and presented the tool to a small pool of end-users as
part of our experiments.

2 RELATED WORK

Since our research is primarily related to web annotation tools
and techniques, we first describe the state-of-art web-based text
annotation tools. We then discuss the anchoring approach used
by the Hypothesis web annotation tool. And, finally, describe a
well-known pattern matching algorithm that exists at the center of
our proposed anchoring algorithm.

2.1 Web Annotation Tools

Annotating, i.e., “the act of creating associations between distinct
pieces of information” [29] has been recognized as a fundamental
notion of hypertext systems since the inception of the WWW [21].
Due to its importance in the WWW community, several web an-
notation systems have been designed and deployed over the years,
the most recent ones being Pundit, Genius and Hypothesis. Among
these, Hypothesis has the most community support as it is a free and
open-source platform. Based on the open-source JavaScript (JS) li-
brary Annotator.js, Hypothesis allows its users to add sentence-level
annotations over web pages; and supports open critique and collab-
orative note-taking, by allowing users to highlight text, add/read
and share annotations within private groups or in public.

Unlike the Hypothesis web annotation tool that is designed for
end-users, the W3C’s web annotation recommendations are ori-
ented towards website owners and developers. These recommen-
dation include the Web Annotation Data Model, Vocabulary and
Protocol and are successor of the W3C Open Annotation Data
Model [29]. The model specification describes a structured for-
mat through which annotations can be shared and reused across
different hardware and software platforms. The underlying data

2URL to Tippanee’s source code, available on GitHub:
https://github.com/victor013/tippanee-chrome-extension
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model constitutes of three parts, namely: a body, a target and a
relation.

While both the Hypothesis and W3C’s web annotation recommen-
dations are widely considered the state-of-art in web annotations,
however, both systems have specific drawbacks that prevent them
from being used as crowdsourcing information systems for the Web.
The Hypothesis annotation tool relies on a string-matching-based
approach (called Fuzzy Anchoring) to reattach annotations. This
means that change in annotated texts can cause incorrect reattach-
ment of annotations or can orphan (i.e., when the annotation is
no longer attachable) the annotations altogether. This is critical as
frequent changes in the annotated content can render the anchor-
ing approach useless. In an empirical study conducted by Aturban
et al. [1], the authors found that 27% annotations on Hypothesis
were already orphaned, and another 61% were at risk of being or-
phaned if the live web page changed. The drawback of the W3C’s
web annotation recommendations, on the other hand, is that the
choice to utilize these recommendations still lies with the website
owners and developers, who are often bound by the technologies
used in their platforms and may, therefore, choose not to adopt
these recommendations.

2.2 Fuzzy Anchoring

To reattach its annotations Hypothesis utilizes a combination of
multiple approaches relying on three selectors (namely, RangeSelec-
tor, TextPositionSelector and TextQuoteSelector) and four strategies
(namely, From Range Selector, From Position Selector, Context-first
Fuzzy Matching and Selector-only Fuzzy Matching) 3. The first two
strategies of the approach are based on XPath matching and are only
usable in cases when there is no textual change in the document.
Whereas, strategies 3 and 4 are useful when the underlying tex-
tual content is changed. These strategies utilize approximate string
matching (fuzzy text search and comparison) algorithm, which is a
combination of the Bitap matching algorithm [35] and Myers diff
algorithm [22]. Since the approach is based on the ‘robust anchor-
ing approach’ [3, 5], the selectors and the strategies of the approach
rely entirely on ‘keyword anchoring’.

As mentioned previously, since the Hypothesis approach relies
primarily on string or keyword matching, textual changes in anno-
tated web pages can cause the annotations to be attached at incor-
rect locations. For example, we created an annotation “5,710,618”
on the Wikipedia homepage on September 13, 2018 using Hypothe-
sis. When we viewed the annotation again on November 4, 2018,
we found that the annotation was now being reattached to “710
articles” (see Figure 1). And then again, when viewed on January
26, 2019 we found that the annotation was already orphaned. Sim-
ilar examples of incorrectly attached Hypothesis annotations (as
viewed on January 28, 2019) on the Wikipedia home page ¢ include
(annotated text vs. annotation reattached at text):

e stars vs. seasons
e on, a league r vs. Hockey League for
o Albert Bridge vs. A left winger

3 Hypothesis article: ‘Fuzzy Anchoring’ | https://web.hypothes.is/blog/fuzzy-anchoring/
4 Hypothesis annotations on Wikipedia main page:
https://hyp.is/4ZuRcLAJEeiNkQvaWuwvng/en.wikipedia.org/wiki/Main_Page
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Figure 2: (a) Annotated text as seen on Tippanee Chrome extension vs. (b) the reattached annotation highlighted in yellow

We hypothesize that since the fuzzy anchoring approach relies so
heavily on keywords, small annotations (i.e., maximum 3-4 words
long) have a higher probability of being orphaned compared to
long sentence-level annotations. However, further empirical stud-
ies would be required to validate the same. Incorrect reattachment
of annotation (like the ones shown earlier) is unacceptable because
similar changes to web pages could change the context of the an-
notation or could orphan the annotations altogether. While a few
annotations might not be enough to evaluate the robustness of an
annotation algorithm, however predicting when and how a textual
web annotation would be orphaned can be a daunting task, as such
predictions would depend on the half-life of the web page and the
length of the annotated text. Continuing with our Wikipedia exam-
ple “5,710,618”, we reproduced the same annotation onto our web
annotation tool and found that our proposed anchoring approach
was able to reattach the annotation successfully and at the correct
location on the web page; even when the annotated content was
changed (as shown in Figure 2).

2.3 Edit Distance

The Levenshtein Distance or, Edit Distance algorithm [18] is used
to evaluate the difference between two sequences (a, b). The dis-
tance represents the number of single-character edits (insertions,
deletions or substitutions) required to change one sequence into
the other using the following equation:

max(i, j)
levy p(i—1,j) +1
levy p(i,j -1 +1
leva,b(i -Lj-1)+ l(a,-#bj)

if min(i, j) = 0,

leva,b(i’j) =

min otherwise

1

Similar to Levenshtein Distance, the Tree Edit Distance (TED)
algorithm [37] is used to evaluate the similarity between ordered

labeled trees. Two trees are considered similar if their tree edit
distance is below a predefined threshold depending upon the chosen
path strategy. Although most available TED solutions are quite
efficient, they cannot be used to compare HTML Document Object
Model (DOM) trees because DOM elements are not necessarily
labeled. We work around this problem by generating unique labels
for annotated DOM elements. These unique labels are comprised of
DOM attributes such as element name, id, class, etc. Once all nodes
in a DOM element are uniquely labeled, they are then arranged
in prefix notation. This information is then stored as anchor data.
When reattaching annotations, web pages DOM elements undergo
the same process. The achieved results are then compared to the
stored anchor data using the Edit Distance approach.

3 SYSTEM OVERVIEW

3.1 Generating Anchors

To facilitate robust reattachment of annotations it is critical to
uniquely identify annotated DOM elements. However, this cannot
be done using only XPaths, as changes in the document structure
can alter the XPath of annotated element rendering the stored XPath
invalid. To counter this challenge, Tippanee’s anchoring algorithm
uniquely identify anchors by preserving the context and layout of
the annotated elements. When a user annotates an element using
the annotation tool, the system stores the DOM properties of the
annotated element based on following strategy: (1) traverse the
annotated DOM element sequentially (in prefix notation); (2) if
the DOM element is a node, store its available properties i.e., id,
nodeName, className, alt, dataset, href and src. And, if the DOM
element is #text, store its nodeName and nodeValue and; (3) calculate
the depth of each element and store it as nodeDepth.

The above-mentioned properties of the annotated elements are
then stored as an array of JavaScript Object Notation (JSON) ob-
jects. Depending on the selected content, the system then uses the
following strategies for anchoring different types of selections:
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Welcome to Wikipedia,

the free encyclopedia that anyone can edit

EELEEEEETREE in English

Vodiv id="articlecount” style="font-size:85%;

a href="/wiki/Special:Statistics

" articles in "

title="Special:Statistics”>»5,569,955</a

a href="/wiki/English_language"” title="English language">English</a>

fdiv

Figure 3: Illustration of anchored element (highlighted in blue) on Wikipedia homepage [above] and it’s HTML DOM as viewed

on Chrome developer tool [below]

o Annotating an element: If the user annotates a complete DOM
element, the anchoring algorithm selects the target DOM
and transforms it into the above-mentioned JSON objects.
Annotating a #text node within an element: If the user an-
notates some #text node within an element (but not all the
text), the anchoring algorithm selects the target DOM and
transforms it into a JSON object. However, in this case, it
adds an extra boolean property ‘annotated’ to the selected
#text node.

Annotating text in two or more elements: If the user annotates
texts from multiple DOM elements, the algorithm selects
the common ancestor element as the target DOM and then
generates it’s JSON object. Again, the ‘annotated’ property
is added to the selected #text nodes.

Annotating substring within a #text node: If the user annotates
a substring from within a #text node, the system additionally
stores the selected substring, and it’s starting and ending
offsets within the #text node.

For instance, if a user selects the text “5,569,955 articles” on the
Wikipedia main page (see Figure 3), the generated JSON object
array would look like so,

[
{ id: "articlecount", nodeDepth: 0, nodeName: "DIV" },

{ href: "https://en.wikipedia.org/wiki/Special:Statistics",
nodeDepth: 1, nodeName: "A" },

{ annotated: true, endOffset: 0, nodeDepth: 2,
nodeName: "#text", nodeValue: "5,569,955", startOffset: 0},

{ annotated: true, endOffset: 4, nodeDepth: 1,
nodeName: "#text", nodeValue: " articles in ", startOffset: 0 },

{ href: "https://en.wikipedia.org/wiki/English_language",
nodeDepth: 1, nodeName: "A" },

{ nodeDepth: 2, nodeName: "#text", nodeValue: "English" }

3.2 Reattaching Annotations

To reattach annotations, the algorithm searches for possible tar-
get elements using getElement DOM methods. The returned DOM
elements are then compared to the anchor’s JSON object. The al-
gorithm sequentially traverses the returned DOM element and its
children. If the stored JSON object attributes match the attributes of
the corresponding DOM element, it is considered a match. Whereas,
elements that do not have the same attributes are considered mis-
match.

In order to compare #text JSON objects to respective #text nodes,
the algorithm uses approximate string matching. In the current
version of Tippanee, we use a JS implementation of approximate
string-matching available on GitHub °. The JS program matches
the two texts and scores their similarity with a value between 0 and
1, with 1 being a perfect match. The DOM element with maximum
matches and minimum mismatches is selected as a viable target.
If the similarity index (SimIndex), i.e., the ratio between matches
and anchor count of the identified elements exceeds the specified
threshold (currently 0.5), the DOM element is considered as the
final target for reattaching the annotation. In case no DOM element
qualifies the minimum SimlIndex threshold, the system assumes that
the annotation is orphaned. Setting up a higher SimIndex threshold
would mean that the system would only attach anchors that are
perfect matches. Whereas, decreasing the threshold too low would
cause selection of incorrect targets. Finally, if an annotation is
orphaned, the annotation can still be reconstructed in its original
form and can be viewed using Tippanee’s reconstruct anchor feature.

While developing Tippanee’s anchoring algorithm, we found
that comparing DOM trees using conventional edit distance often
leads to instances where multiple viable elements returned the same
mismatch count. This led to us introduce a modified version of edit
distance algorithm that analyses both mismatches and matches.
Using both mismatches and matches, it becomes possible to identify
a single element that has the maximum probability of being the
target DOM element, making the approach more robust compared
to Hypothesis” approach. In Figure 4 we present the detailed process
of reattaching annotations, illustrated as a flowchart.

SGitHub link to fuzzyset.js repository: https://github.com/Glench/fuzzyset.js
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Figure 4: Tippanee’s anchoring approach presented as a flowchart

3.3 Implementation

The Tippanee annotation tool is available as a browser extension on
Google Chrome Web Store. The extension is designed using HTML,
€SS, JS and jQuery ©, with additional JS libraries (vis.js 7 for visual-
ization and fuzzyset.js ® for fuzzy string matching). The Chrome
extension supports both online and offline modes. When using
¢jQuery homepage: https:/jquery.com/

7GitHub link to visjs-network repository: https://github.com/visjs/vis-network
8GitHub link to fuzzyset.js repository: https:/github.com/Glench/fuzzyset.js

offline mode, user annotations are stored locally within Google
Chrome’s local storage, and therefore the mode does not support
annotation sharing. Whereas, in online mode, users can create and
share annotations in groups, with the server-side code currently
deployed on Google’s Firebase °. Irrespective of the modes, the
computational processes for generating and reattaching anchors
are always carried out exclusively on the client-side.

Google Firebase homepage: https://firebase.google.com/
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Apart from the conventional annotation tool features, Tippanee
also includes some novel components that we believe would allow
the system to be utilized as a crowdsourcing information system
for the Web. These features include:

® Reconstructing anchors: When transforming annotated texts
into anchors, Tippanee’s anchoring approach stores partial
DOM information of the annotated elements. This DOM
information can then be utilized to reconstruct the anno-
tations to its original state from when the annotation was
first created. This is especially useful in the case of orphaned
annotations, as the reconstructed anchor can help users bet-
ter understand the relevance of the annotated content with
respect to its surrounding text. Additionally, the same DOM
information can also be utilized to support end-user-oriented
information retrieval and web archival.

Linking and visualizing annotations: This feature was in-
spired by the Linked Open Data Cloud visualization. The
feature allows users to link created annotations and then
visualize the same as a graph or ‘web of annotations’. Such
graphs are an effective method of visually extending user-
generated annotations and can facilitate meta-analysis and
organization of ideas (e.g., [38]). The feature can also help
enhance users’ web experience by presenting annotations
and their associations in an easily understandable format.
Transclusions: The system supports transclusions by allow-
ing users to import and view annotations from other web
pages onto the current web page. This is made possible by
Tippanee’s transclusion server that uses the proposed an-
choring approach to scrape requested web documents. After
the annotated element is identified within the scraped docu-
ment, the server pushes the DOM element onto the current
web page. However, unlike conventional transclusion ser-
vices, the pushed DOM element is only a part of the real-time
copy of the requested web document.

Adding semantic descriptions: As an added feature, Tippanee
allows users to describe annotated text using Schema.org vo-
cabulary. Users can currently only add, review, and change
the stored semantic metadata, or they can use this meta-
data to search through stored annotations. However, in the
future we would like to use this feature in support of full
knowledge management life-cycle by allowing creation and
exchange of new ontologies for organizations (e.g., [27])
and over the World Wide Web. Additionally, we would like
to utilize user-generated semantic metadata for improving
information access and search on the Web (e.g., [23]).
Similarity index: The concept of SimIndex is a vital part of
Tippanee’s annotation reattachment procedure. Apart from
its role in the anchoring approach, the SimIndex of the at-
tached annotations can also be exploited by end-users to
track changes in annotated content. Users can track content
changes on platforms such as news articles, Q&A portals,
statistics and prices on e-commerce websites. In future, this
feature could also support crowd-sourced fake news detec-
tion (e.g., [31]) and fact-checking (e.g., [7]).
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4 EXPERIMENTAL EVALUATION

As part of the evaluation to validate the stability of the proposed
algorithm, we created several web annotations using Tippanee
over a duration of three months. To ensure that the conducted
experiments are not biased, we replicated a random set of 735
Hypothesis annotations created by random users. We acquired these
annotations using the ‘Annotation viewing and export’ tool 1
made available by Hypothesis Labs. The tool allows users to view
and export publicly shared Hypothesis annotations searchable by
user, group, URL and tag. We manually replicated the selected
annotations on Tippanee’s Chrome extension, by first browsing
to the annotated web page; and then selecting and annotating the
exact text as done in the respective Hypothesis annotations. During
this process, we also found a few orphaned annotations, which
we simply decided to ignore for this experiment. Once the 735
Hypothesis annotations were replicated in Tippanee, we left them
aside for a month.

After a month, we revisited each of the annotated web pages and
extracted the SimIndex(s) of the annotations using Tippanee. We
were able to achieve a total of 675 SimIndex(s). Out of these, only
58 (8.59%) annotations had SimIndex(s) below 0.5, i.e., the anno-
tations were now orphaned; while 611 (91.41%) annotations were
successfully attached. Among the attached annotations 538 (88.0%)
annotations had SimIndex(s) more than 0.9. Figure 6 presents a
comparison of the number of annotations with respect to achieved
similarity indexes (scaled from 0 - 1.0 to 0 - 100). The SimIndex
threshold for the current version of Tippanee was set to 0.5, for
this experiment. Our initial experiments clearly indicate a signifi-
cant improvement of 12.41% over Hypothesis’ anchoring approach
(which had 79% successful reattachments during Aturban et al’s
(2015) experiments); however, to demonstrate the robustness of
our proposed approach in a reproducible manner, we plan to de-
velop a first web annotation testbench that would simulate varying
levels of change in a set of Alexa’s top-ranking websites 1*. The
said testbench would be crucial to decisively validate Tippanee’s
anchoring approach, as it would allow us to mimic web page decay
in real-world web pages in a controlled environment; without the
need to wait for a live web page to change or decay.

4.1 User Evaluation

Additionally, to evaluate Tippanee’s features and to study user
behavior when creating annotations on the Web, we presented our
work to two different groups of users (12 web developers and 13
students). The groups comprised of both men and women between
the ages 25 and 45; and were chosen in a way that they represented
a mix of both technical and non-technical users. The groups were
given a quick demonstration of Tippanee’s user interface and its
features, after which they were asked to use the Chrome extension
for a duration of at least 7 days. The users were requested to create
and share annotations on web pages they visited regularly. After
two weeks, the users were provided with a focused questionnaire
enquiring about their experiences with the tool.

10 Annotation viewing and export tool: https:/jonudell.info/h/facet/
1 Alexa’s top-ranking websites: https://www.alexa.com/topsites/category



Enabling Social Information Exchange via Dynamically Robust Annotations

Client Side
(Vanilla JS + jQuery)

Input anchor data

iiWAS2019, December 2-4, 2019, Munich, Germany

Server Side
(Node JS + Express JS)

Firebase Server

| Web page DOM I

group list, anchor data

User Dashboard

Process

Anchor annotations I

Features

request (transclusion)

(store, share and export
annotations; create groups)

Heroku Server

Create, link, visualize and
transclude annotations; add
notes and share with groups

scraped annotated DOM

Transclusion
(using web scraping)

Figure 5: Illustration of Tippanee’s system flow
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Figure 6: Similarity indexes of 675 annotations created on
Tippanee Chrome extension, scaled between 0 - 100; with
orphaned annotations colored in orange and reattached an-
notations colored in blue.

As expected, most users suggested that they found the extension
quite useful, especially for information retrieval and sharing. Inter-
estingly, quite a few users suggested that they also used the tool for

social interactions and expression of opinions. Finally, users also
reported that they created most annotations on educational web-
sites, Q&A portals, news websites, and search engines. Although
this preliminary study was carried out only for two weeks, it was
valuable for our research as it provided us insights into how users
interact on social-annotation platforms and helped us come up with
elaborate ideas for future quantitative-quantitative evaluations.

5 DISCUSSION

In this section, we present the limitations of our work and elaborate
on the legal aspects of web scraping, and it’s relevance with respect
to our approach. We also briefly discuss the next steps of our work
before we conclude the paper.

5.1 Limitations

We understand that the experiments conducted during the evalu-
ation of Tippanee might not be adequate to demonstrate the ro-
bustness of the proposed approach and that further evaluation is
required for the same. However, since not all web pages are designed
the same, neither is their page half-life; therefore it is difficult to
determine which anchoring approach is the most robust. As a part
of our future work, we plan on evaluating our proposed algorithm
against the Fuzzy anchoring approach by creating a test bench with
varying combinations of changes in both web page content and
structure.

With respect to our formulae for calculating similarity indexes,
the current threshold of 0.5 is only an estimated guess, and might
not be ideal. Identifying the ideal threshold would require more
extensive and long-term evaluations. Additionally, adding biases
to the match-mismatch count of textual nodes could help enhance
the accuracy of the algorithm; identifying the ideal values of these
biases, is again a part of our future work.
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5.2 Legal Aspects

Web scraping, caching and archiving has often been viewed as
a severe ethical issue on the World Wide Web. Despite the fact
that over the last couple of years the Open Data Movement has
received tremendous support from governments, research institutes,
laboratories, and libraries. Nevertheless, the idea of a truly open web
seems to be a far-fetched notion. Several national libraries around
the world have been supporting the concept of digital preservation
and archiving, but most of these initiatives are hindered or affected
by legal concerns, i.e., copyright infringement and piracy acts [34]
(e.g., [6, 15]).

While designing the Tippanee platform, we studied these legal
obligations in order to realize the scope of our system. Although
web scraping, caching or archiving requires explicit permission
from the web page owners, we argue that our system does not
violate any piracy or copyright concerns, because of the following
reasons: first, the system stores the context of the annotated con-
tent only to ensure that users do not lose their annotations and to
improve the usability of orphaned anchors. In order words, content
is saved primarily for the interest of the end-user. Second, the saved
content is utilized solely for reattaching anchors and has no other
commercial purpose whatsoever. Third, the context is stored exactly
as it was published by the owner. And, the source of the content is
clearly stated in the anchor’s JSON object, meaning that the content
is always linked to the source and the link is visible to the end-user.
Lastly, enabling users to add semantic markup to annotations and
creating links between annotations, helps in enhancing the user’s
web experience by encouraging semantic content creation and par-
ticipation, therefore reinforcing and improving the social aspects
of the Web.

6 FUTURE WORK AND CONCLUSION

The proposed anchoring approach provides a proof-of-concept for
our hypothesis that using DOM information for generating anchors
can facilitate more stable and robust annotations. Such DOM in-
formation can be especially useful to support end-user-oriented
web archiving and information sharing processes. Finally, the so-
cial and semantic aspects of Tippanee can be utilized to support
knowledge creation and sharing on the Web. As our next steps,
we would like to optimize Tippanee’s anchoring approach and add
further features to support collaborative critiquing and knowledge
sharing activities. And then, develop Tippanee into a lightweight,
browser-based crowdsourcing information system that would allow
users to contribute to web content by means of stable, interlinked
and semantically rich annotations.

To conclude, in this paper, we have presented a novel DOM-
oriented edit distance approach for enabling stable annotation and
preservation of dynamically evolving web content. We presented
evidence revealing that such a DOM-oriented approach could en-
courage smooth knowledge and information exchange over today’s
ephemeral web. And, we discussed how collaborative annotation
tools like Tippanee could help tackle key challenges on the Web.
Given the rising interest in collaborative platforms, annotation
technologies and the importance of user’s web experience, it is just
a consequent step to team together all of these notions. Albeit the
combination of these notions opens a wide design space for a whole
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class of next-generation collaborative annotation platforms, the
key challenge for making such systems a success is in providing
robust anchoring mechanisms.
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contribute by aggregating the available knowledge from 12 CI models into one novel framework and present
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1 INTRODUCTION

The concept of “Collective Intelligence” (CI) (i.e., collaborative problem solving and decision-
making) has been a keen interest of researchers ever since the 18th century [41, 63]. Since this
period, the different applications of CI and its associated concepts have extended throughout a
wide spectrum of research domains ranging from sociology, psychology, biology, management,
and economics to computer science, among many others [50]. In our work, we focus on CI in In-
formation and Communications Technology (ICT), and therefore, we adhere to the widely accepted
formal definition of Cl in the ICT domain, proposed by Pierre Lévy in 1995 [43]. Lévy defined CI as
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a “form of universally distributed intelligence, constantly enhanced, coordinated in real time, and
resulting in the effective mobilization of skills” [43]. Some of the CI platforms of the early period
include WikiWikiWeb, Experts-Exchange, and Google [50]. Since then, advancements in ICT tech-
nologies like Web 2.0 [65, 71], Semantic Web [28, 44], and Crowdsourcing [7, 17] have enabled and
drastically eased large-scale collaborations over the Internet, leading to the development of well-
known CI platforms like WaterWiki [16, 62], Climate CoLab [34, 51], DDtrac [26, 27], WikiCrimes
[19, 68], and Goldcorp [4], which facilitate knowledge sharing, problem-solving, and decision-
making among individual users and groups, through web-based interactions and collaborations.

The success of these systems can be credited to their underlying architectures or frameworks
(hereinafter referred to as “models”). Unfortunately, most of these models are often defined using
system-specific elements, principles, attributes, requirements, or their combinations [39], and are
based on specific problems [21]. Since each of these CI systems is designed for a specific problem
or use-case, the models proposed for these systems are often presented as completely different
entities. However, comparing these models shows that although each new CI system and model
expands on our current understanding of CI, nevertheless many of these systems bear a few sim-
ilarities [48]. Sadly, this abundance of diverse knowledge has not yet led to the development of a
unified CImodel [13, 56, 67] that can support the development of new CI systems based on system-
atic knowledge rather than intuition [39]. Also, many of the existing CI systems are proprietary
and are therefore not available in scientific literature. And, systems that are described in scientific
literature, focus more towards the theoretical foundations, usability, and future applications of col-
lective intelligence [21], rather than focusing on the implementation [39]. This lack of well-defined
and systematic knowledge about the architecture and principles of the underlying CI systems has
led to a reproducibility crisis.

In order to achieve comprehensive knowledge of CI systems, it is imperative that we exten-
sively investigate published scientific literature irrespective of the so-called proposed models. We
are convinced that although different CI systems are defined in different ways, they must share
more than just a few common characteristics. And, identifying these characteristics could help
us to achieve a unified formal model for designing CI systems, irrespective of their application.
To this end, we contribute by conducting a first of its kind Systematic Literature Review (SLR)
of CI models. In this SLR, we extensively investigate the characteristics of 12 CI models, selected
from a pool of 219 scientific publications. And, based on the results of our review, we develop a
novel framework that can be utilized to understand existing CI systems. The proposed framework
provides a generic model and a set of requisites that would enable creation of novel CI systems, re-
gardless of their domains. This is achieved by exhaustively combining all attributes of the studied
CI models into the proposed framework.

Additionally, to better explain the functioning of CI systems with respect to the proposed frame-
work, we examine the different components of six ongoing CI projects: CAPSELLA, hackAIR,
openIDEO, Climate CoLab, WikiCrimes, and Threadless.

In particular, we aim at answering the following research questions:

RQ1: What are the underlying models of existing CI systems? What are the common
terminologies used to describe CI models? What are their components? And, how are
these components associated to each other?

RQ2: Do any of the available CI models appropriately define all CI systems, irrespective
of their applications? Can these models be used to create CI systems for novel challenges?

RQ3: If not, then can we somehow combine the available knowledge of CI models and
systems to create a unified model that could define all CI systems?
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The article is structured as follows. In Section 2, we describe the research methodology used
for conducting this SLR. Section 3 presents a brief summary of the selected studies, followed by
the aggregated list of terminologies used to describe CI systems in Section 4. In Section 5, we
present a novel framework for CI systems and evaluate our generic theoretical CI model by means
of comparative case studies in Section 6. Finally, Section 7 presents the threats to validity of the
SLR and Section 8 concludes by summarizing the key findings of this article and provides insights
for future research.

2 RESEARCH METHODOLOGY

To answer the research questions mentioned in Section 1 through a transparent and objective ap-
proach, we decided to conduct this review based on Kitchenham’s “Guidelines for performing Sys-
tematic Literature Reviews in Software Engineering” [37]. A SLR summarizes, critically appraises,
and identifies valid and applicable evidence in available research by using explicit methods to per-
form thorough literature search [9, 37, 66]. Based on Kitchenham’s guidelines, we perform this
SLR in five stages:

(1) Search Strategy

(2) Study Selection

(3) Study Quality Assessment
(4) Data Extraction

(5) Data Synthesis

2.1 Search Strategy

Based on the previously identified research questions, we selected a set of search terms. We then
used the combination of these search terms to look for relevant research articles in different aca-
demic databases. After this, we applied the inclusion criteria on the identified articles and short-
listed the most relevant articles (which we refer to as “Primary Studies”). Following Kitchenham’s
guidelines, we then evaluated the primary studies using the quality assessment criteria. And fi-
nally, the selected studies were investigated in the data extraction and synthesis stages of the SLR.

2.1.1 Search Terms. As researchers often use the terms “Crowdsourcing” and “Wisdom of
Crowds” as synonyms for CI [39, 64], we decided to use all three keywords as the primary search
terms. And, for the secondary search terms, we used keywords such as model, framework, and
others that are commonly used to describe ICT systems. In order to construct the search string we
used the following guidelines provided by Kitchenham and Charters [37]:

(1) Derive search terms from research questions and from initial literature review.
(2) Identify synonyms for search terms from scientific literature.
(3) Use the Boolean “AND” and “OR” to link search terms and their synonyms.

The list of identified primary and secondary search terms, and the resulting search string are
presented in Table 1.

2.1.2  Academic Databases. The resulting search string was used to search for pertinent articles
in four different databases, namely, ACM Digital Library, IEEE Xplore, ScienceDirect (Elsevier), and
Springer. The search was restricted to articles published since the year 2000; because, the first
popular Web 2.0 based CI platform ‘Goldcorp’ and ‘Threadless’ were launched in the same year
[18, 52, 83]. It was only after this period that CI systems became popular and were recognized
as a significant area of research in ICT. In order to identify relevant books, technical reports, and
theses, we also conducted a manual search on Google Scholar.
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Table 1. Search Terms Identified Based on Research Questions

Primary Search Terms collective intelligence, wisdom of crowds, crowdsourcing

Secondary Search Terms model, framework, architecture, requirements, principles,
attributes, properties

Search String (“collective intelligence” OR “wisdom of crowds” OR
“crowdsourcing”) AND (“model” OR “framework” OR “architecture”
OR “requirements” OR “principles” OR “attributes” OR “properties”)

Table 2. Search Results

Year Database Total Count

2000-2017 ACM Digital Library 1,289
(proceedings, journals, newsletters, and magazines)

2001-2017 IEEE Xplore 1,214
(conferences, early access articles, journals, magazines, and
books)

2000-2017 SpringerLink 3,196

(from sub-discipline “Information Systems Applications incl.
Internet”: chapters, conference papers, articles, and books)

2000-2017 ScienceDirect 4,096
(reviews, research articles, and books)

1997-2018 Google Scholar 53

Manual Search  (research articles, books, reports, and theses)
Total 9,848
Total (after screening) 9,418

2.1.3  Search Process. During the search process, we found that many of the databases indexed
each others’ articles, therefore the chances of getting redundant results were high. Thus, to avoid
duplicate results, we manually selected different options (like Publication Type, Publisher, etc.)
while searching through each database. In total 9,418 articles were identified after removing 430
redundant articles. Table 2 presents the number of relevant articles identified from each academic
database.

2.2 Study Selection

To identify the articles relevant to our research questions, we applied a two-phase selection pro-
cess. During this process, two researchers of this review independently analyzed the identified
articles and selected the studies, which were most likely related to our research questions.

2.2.1 Selection Phase 1. In this phase, we studied the titles and abstracts of the identified ar-
ticles and assessed them on the basis of the inclusion criteria listed in Table 3. After completion
of this phase, 216 primary studies (PS) were selected. We then scanned the reference list of the
selected primary studies to identify related articles that we might have missed during our initial
search. We found three articles which passed our inclusion criteria, and therefore we added these
articles to our list of primary studies; making a total of 219 articles (see Table 2 in Supplementary
Material).

2.2.2  Selection Phase 2. In this phase, we applied the quality assessment criteria illustrated
in Table 4 to the primary studies selected in Selection Phase 1. After completion of this selection
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Table 3. Inclusion Criteria for Selection Phase 1

Criteria ID Inclusion Criteria

IC1 The article explains the theoretical foundations of collective
intelligence in computer science.

IC2 The article describes the role of collective intelligence in
crowdsourcing and open innovation.

IC3 The article focuses on architecture/frameworks of CI systems.

IC4 The article describes CI systems/applications available on the Web.

IC5 The article focuses on knowledge generation and exchange in crowds.

IC6 The article is related to at least one aspect of our research questions.

1C7 The article should not compare collective intelligence with swarm

intelligence and artificial intelligence.

Table 4. Quality Assessment Criteria for Selection Phase 2

Criteria ID Quality Criteria Check-List

QC1 Are the research objectives clearly defined in the study?

QC2 Does the study propose a new framework, or provide
technological details of an existing CI system?

QC3 Is the system architecture/framework/design/experiment clearly
defined in the study?

QC4 Is the proposed CI architecture or framework compared to
existing CI models or systems?

QC5 Does the study provide insights about the role, importance, and
behavior of individuals in the proposed CI system or model?

QCe6 Does the study propose novel solutions to crowd management

issues in CI?

phase, 12 primary studies were finally selected. These 12 studies were then used for data extraction
and data synthesis. We describe both stages further in the next sections.

2.3 Study Quality Assessment

The intention of this phase is to determine the relevance of selected studies while limiting bias
in the study selection process. In this phase, all three researchers of this review independently
assessed the primary studies by answering the questions presented in Table 4. For each primary
study, the researchers answered the questions as “Yes,” “Partly,” or “No”; scoring each criteria
as 1, 0.5, and 0, respectively. The individual scores for each question were then added to derive
a total score for each primary study. The studies that scored 3 or higher were finally selected
for the data synthesis stage. Any conflict of opinion about the process and results of the quality
assessment measures were discussed among all three researchers to reach a consensus. The scores
of the remaining 12 primary studies that satisfied the quality assessment criteria are presented in
Table 5; followed by the title of the studies and the publication type presented in Table 6.

2.4 Data Extraction and Synthesis

The intention of data extraction stage is to identify the main contributions of the selected studies,
and to present a summary of the work. Table 7 presents the data items extracted from the 12
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Table 5. Quality Score of Selected Studies

Primary QC1 QC2 QC3 QC4 QC5 QC6 TotalScore Selected

Study ID Study ID
PS1 1 1 0.5 0 0.5 1 4 S1
PS19 1 0 0.5 0 1 1 3.5 S2
PS48 1 1 0.5 0.5 0.5 0 3.5 S3
PS73 1 1 1 1 1 0 5 S4
PS108 1 1 0.5 0 0.5 0 3 S5
PS138 1 0 1 1 0.5 0 3.5 S6
PS154 1 0 1 1 0 0 3 S7
PS155 1 0 1 1 0 0 3 S8
PS156 1 1 1 1 0 0 4 S9
PS173 1 1 1 1 1 0 5 S10
PS174 1 0.5 0.5 0 0.5 0.5 3 S11
PS204 1 1 1 1 0 1 5 S12

Table 6. List of Final Selected Studies

Study Study Title Publication

D Type

S1 “Intelligent Collectives: Theory, Applications and Research Journal Article
Challenges” [58]

S2 “Leadership and the Wisdom of Crowds: How to Tap into the Journal Article
Collective Intelligence of an Organization” [53]

S3 “Modelling the Index of Collective Intelligence in Online Conference
Community Projects” [73] Paper

S4 “The Role of Collective Intelligence in Crowdsourcing Innovation”  PhD Thesis
[67]

S5 “Collective Intelligence Model: How to Describe Collective Conference
Intelligence” [21] Paper

S6 “Collective Intelligence Systems: Classification and Modeling” [48] ~ Journal Article

S7 “Designing for Collective Intelligence” [27] Journal Article

S8 “On Model Design for Simulation of Collective Intelligence” [70] Journal Article

S9 “A Resource Allocation Framework for Collective Intelligence Conference
System Engineering” [81] Paper

S10 “Harnessing Crowds: Mapping the Genome of Collective Journal Article
Intelligence” [52]

S11 “Leveraging the Power of Collective Intelligence through Journal Article
IT-enabled Global Collaboration” [32]

S12 “Collective Intelligence: A Keystone in Knowledge Management” Journal Article
(3]

selected studies and Section 3 presents a summary of the same. The contributions, i.e., models and
elements of the Selected Studies, are presented in Table 16.

The goal of the data synthesis stage is to collate and summarize the contributions of the selected
studies. In Section 4, we first catalog the definition types and classifications of the studied CI
models; we then identify all unique and synonymous characteristics, levels, requirements, properties,
and building blocks and classify them into 24 distinct attributes (presented in Table 16). Finally,
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Table 7. Data Extracted from Selected Studies

Extracted Data Item Description

Study Title See Table 6.

Author(s) See Table 2 in Supplementary Material.
Year See Table 2 in Supplementary Material.
Publication Title See Table 2 in Supplementary Material.
Publication Type See Table 6.

Source/Publisher See Table 2 in Supplementary Material.
Summary See Section 3.

Table 8. Criteria for Collective to be Intelligent (as Presented by Nguyen et al. in S1) [58]

Criteria Description

Diversity Individuals must belong to diverse backgrounds, knowledge bases,
and so forth.

Independence Freedom for individuals to act according to their choice, without

others influence.
Decentralization  Facilitate individualism and assure diversity in individuals.
Aggregation Appropriate methods to integrate individual solutions [58].

based on these findings, we then answer the first two research questions (RQ1 and RQ2) in Section 4
and the final research question (RQ3) in Section 5.

3 SUMMARY OF SELECTED STUDIES
3.1 S1(Van Du Nguyen et al. 2018)

The aim of this study is to define the criteria necessary for a collective to be intelligent. To do so,
the study [58] presents a novel general CI framework based on crucial attributes of a collective.

Influenced by Bonabeau’s [4] concept of Decisions 2.0, which is defined as “a new era of
decision-making in which the traditional decision-making process is supported using the wisdom
of crowds through collaboration and collective intelligence” [58], Nguyen et al. state that “collec-
tive intelligence is considered as the power of Decisions 2.0” [58]. Based on this premise, the study
proposes a CI framework based on characteristics vital for an intelligent collective, as proposed by
Surowiecki [77]. According to Nguyen et al., a collective must fulfill four criteria (presented in
Table 8) [58] to be intelligent. And, based on these characteristics, the authors propose a general
framework of CI (namely, Collective, Aggregation Methods, and Collective Performance Measures)
[58] for wisdom of crowds.

3.1.1 Diversity. A collective must be diverse, as a heterogeneous group of individuals can pro-
vide new knowledge and diverse viewpoints to any given problem. Nguyen et al. further categorize
diversity as“diversity in the composition of collective members” [58] and “diversity of individual
predictions in a collective” [58]. To explain diversity, the authors used an example of weather fore-
casting; where accurate weather predictions are a difficult task even if relying on experts. The au-
thors claim that such prediction problems could be solved more easily if multiple individuals were
allowed to add extra information and provide different perspectives to solve the problem [58].

3.1.2  Independence. The individuals in a CI system must be allowed to provide their own in-
puts and their decisions should not be influenced by others [58, 77]. This is important, because
information cascades can diminish the intelligence of the collective [1].
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3.1.3  Decentralization. This criteria helps individuals act independently, while avoiding oth-
ers’ influence, and thus ensures diversity [58]. To explain this, the authors used the example of
Linux, where solutions to specific problems are selected from a pool of solutions submitted by
independent programmers from around the world.

3.1.4 Aggregation. This criteria provides the appropriate mechanism to integrate the opinions
and solutions provided by the individuals [58]. Examples of such new aggregation methods include
prediction markets [82] and social tagging [86].

3.2 S2 (Kurt Matzler et al. 2016)

The aim of this study is to present activities necessary to promote collective intelligence within
organizations. The proposed activities are based on the work of Surowiecki [77] and are explained
using case studies and real world examples [53].

In this study, Matzler et al. argue that although platforms such as wikis, blogs, prediction mar-
kets, and so forth, might be enough to harness the wisdom of the crowd from end users, such plat-
forms are inadequate to support collective intelligence within organizations. The authors propose
that in order to harness the power of collective intelligence within organizations, it is imperative
that managers follow the following steps: “create cognitive diversity” [53], “promote indepen-
dence” [53], “access decentralized knowledge” [53], and “effectively aggregate knowledge” [53].

3.2.1 Cognitive Diversity. To explain cognitive diversity, Matzler et al. refer to the work done
by Page [61]. Page states that cognitive diversity can be explained as a combination of “diverse
perspectives” [53], “diverse interpretations” [53], “diverse heuristics” [53], and “diverse predictive
methods” [53]. Matzler et al. explain the relevance of these attributes in organizations by the means
of two case studies; namely, “How diversity can drive innovation” [30] and “The CEO’s role in
business model reinvention” (a case study from Infosys Technologies Limited) [24].

3.22  Promote Independence. Matzler et al. emphasize the importance of this step, by explaining
how lack of independence or peer pressure may force employees to convey incorrect or sugar-
coated information to their managers, which may lead to biased decisions [53]. The authors suggest
that managers should create an atmosphere of open dialog where all employees can share their
honest opinions and ideas; the authors recommend techniques like the PreMortem exercise [38]
to create such an independent environment.

3.2.3  Access Decentralized Knowledge. In regard to this step, Matzler et al. state how, in the
past, knowledge was organized hierarchically in organizations; where as now, due to globaliza-
tion, decentralization, and data ubiquity, knowledge within organizations is not limited to the
organizations themselves [53]. In other words, when looking for novel solutions and ideas, orga-
nizations now rely heavily on participants via online contests, social media platforms, blogs, and
wikis [74]. Matzler et al. argue that organizations could boost their internal collective intelligence
by allowing their employees to tap into this decentralized knowledge aggregated from the social
web [53]. Employees could then use this knowledge to come up with ideas and solutions to support
the organization’s growth, while being aligned with the organization’s vision and mission.

3.24 Effectively Aggregate Knowledge. The final step for promoting collective intelligence
within organizations is to effectively aggregate dispersed knowledge. In this study, Matzler et al.
briefly discuss techniques (such as averaging individual opinions) that could be utilized to aggre-
gate knowledge from different sources [53]. The authors further describe this step using the exam-
ples of predictive markets and peer review systems, which have been found to be effective knowl-
edge aggregation techniques [29]. Lastly, Matzler et al. discuss the effectiveness of Wikipedia’s
peer review system [53], by comparing the accuracy of its knowledge base to that of Britannica,
as investigated by Jim Giles [22].
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Table 9. Levels for Assessing Cl Potential (as Presented by Skarzauskiene et al. in S3) [73]

Level Description

Capacity Level Describes possible user actions, both as an individual and as a member
of the community [48]. It also includes massive participant interactions
[47] that promote knowledge creation and innovation [3].

Emergence Level Describes a system state [48] that supports self-organizing, “emergent”
behavior, “swarm effect” [47], and mechanic development [3].

Social Maturity Level ~Describes the clarity of system goals [3] and community/individual
objectives [48].

3.3 S3 (Aelita Skarzauskiene et al. 2015)

The aim of this study is to propose measures to quantify the minimum potential required by com-
munity projects, necessary to transform them into CI systems. The authors do so by investigating
the trends in engagement and participation in online communities in Lithuania. Skarzauskiene et
al. conduct both qualitative and quantitative research by extensively interviewing 20 individuals
and by conducting a public opinion survey with 1,022 Lithuanian participants between the ages of
15 and 74 [73]. Finally, the authors propose three levels/measures a community project must fulfill
in order to be considered as a CI system [73].

Before conducting qualitative and quantitative research, Skarzauskiene et al. briefly analyzed
several CI frameworks proposed by researchers. Based on the literature, Skarzauskiene et al. pro-
posed a conceptual framework for assessing the potential of CI [73]. The authors define the pro-
posed conceptual framework in three levels, presented in Table 9 [73]. Using the proposed levels,
combined with results of qualitative and quantitative analysis, the authors calculate a CI Potential
Index, which they claim could assist developers and initiators of community projects by helping
to assess the CI potential of such projects [73].

3.4 S4 (Juho Salminen 2015)

The aim of this doctoral thesis is to explore the role of collective intelligence in crowdsourcing
innovations [67]. Salminen’s work is motivated by the fuzzy nature of CI, which has led to different
interpretations of the concept including “wisdom of crowds” [77] and “swarm intelligence” [5]. In
his work, Salminen attempts to defuzzify the notion of collective intelligence by investigating its
emergence as a complex-adaptive system [67].

To do so, the author conducted a systematic literature review of published case studies dis-
cussing three CI platforms (OpenIDEO, Quirky, and Threadless). He then observed user behavior
on each of these platforms for over a month, and gathered relevant data including web clips, di-
ary entries, and statistics. Salminen also conducted a literature review of available CI frameworks,
based on which he proposed a new theoretical framework for CI. Finally, he evaluated the pro-
posed framework based on his observations from the previously analyzed CI platforms. Salminen
defines the proposed framework through three levels of abstraction [67]:

— Micro: “enabling factors of collective intelligence.”
— Emergence: “from local to global.”
— Macro: “output of the system and wisdom of crowds” [67].

Table 10 presents the elements of Salminen’s proposed theoretical framework based on themes
from literature. Apart from the proposed theoretical CI framework, Salminen also highlights the
crucial issue of biased feedback. When observing the previously mentioned CI platforms, the au-
thor found that participants would often create multiple accounts to vote up their own ideas and

ACM Computing Surveys, Vol. 53, No. 1, Article 14. Publication date: February 2020.



14:10 S. Suran et al.

Table 10. Themes and Elements of the Cl Theoretical Framework (as Presented by Salminen in S4) [67]

Level Theme Elements of the Theoretical Framework References
Micro Humans as social animals Human capabilities for interaction *
Intelligence
Personal interaction capabilities [12, 35, 85]
Trust [2]
Motivation
Attention
Communities [67] [8, 10]
Emergence  Complex adaptive systems Agents, activities, feedback, emergence [60]
Self-organization Agents, activities, feedback [36]
Emergence Emergence [14]
Swarm intelligence -
Stigmergy Agents, activities, feedback, distributed memory  [78]
Distributed memory [67] Distributed memory [6]
Macro Decision-making Output
Wisdom of crowds Output [77]
Aggregation -
Bias -
Diversity - [31]

Independence [67] -

*Same for all themes in micro level.

would demoralize their competitors by providing negative/incorrect feedback and down-votes.
Salminen states that to prevent such issues, researchers must create measures to evaluate the ac-
curacy of crowd decisions [67].

3.5 S5 (Sandro Georgi et al. 2012)

The aim of this study is to build a comprehensive model based on available literature while recog-
nizing the characteristics that describe CI [21].

Georgi et al. draw attention to a very important issue in the field of CJ, i.e., that research about
the topic in general is very limited, as most available research is application- and type-specific. The
authors state that although numerous scientific articles and reports have been published about CI
platforms, frameworks, and models, only little research has been done on “how to describe col-
lective intelligence in general” [21]. To fill this gap, the authors first studied the existing scientific
literature and choose three models of CI, namely, “the collective intelligence genome” by Malone
etal. [52], “mitigating biases in decision tasks” by Bonabeau [4], and “the collective intelligent sys-
tem” by Lykourentzou et al. [49]. Combining these three models, the authors propose five novel
characteristics and argue that these can appropriately describe collective intelligence. Table 11
presents these characteristics and their descriptions as stated by Georgi et al. [21].

3.6 S6 (loanna Lykourentzou et al. 2011)

This study aims to design a modeling process that can identify the common characteristics of CI
systems. Additionally, the process helps to identify challenges that prevent the construction of a
generic CI system [48].

Lykourentzou et al. claim that their work is the first attempt in classifying the common shared
characteristics of CI systems. The authors state that although all CI systems may seem to be
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Table 11. Characteristics that Define Cl (as Presented by Georgi et al. in S5) [21]

Characteristics Description

Objective of task Can be described as the outcome that the CI intends to achieve. These
objectives can be categorized as “create” (creation of knowledge or ideas
or physical objects) and “decide” (correctness or best or most suitable,
respectively).

Size of contribution =~ Represents the amount or volume of contribution, and can vary depending
upon the complexity of the problem and form/structure of the CL

Form of input Can be presented in the form of rules or data/information (pictures, text,
datasets, etc.), and can be categorized as instructions, challenge
descriptions, or raw material.

Form of output Can be of two types: knowledge (i.e., intangible) or products (i.e., tangible).

Stakeholder Defines stakeholders of a CI system based on their roles. “Initiators” are
those whose objective is to reach a desired goal. “Contributors” do the
actual work and use their intelligence to provide solutions. Finally,
“beneficiaries” are those who profit from the outcomes of such systems

[21].

Table 12. Common Characteristics that Define a Cl System (as Presented by Lykourentzou et al. in S6) [48]

Characteristics Description

Set of possible individual actions Set of actions that an individual is allowed to perform
when contributing (in some form or another) within
the system.

System state Set of minimal variables that completely define the
system.

Community and individual objectives List of goals that a community or an individual
intends to achieve by using the system.

Expected user action function Effort expected from users, necessary to achieve
individual/community goals.

Future system state function Expected state of the system after some time, given
the system’s current state and user actions.

Objective function Measures the extent to which individual/community

goals of the system have been achieved [48, 81].

substantially different from each other, they all seem to share quite a few characteristics. After
analyzing published literature on CI, Lykourentzou et al. proposed that all CI systems could be
categorized as either “active” or “passive” systems. Additionally, “active” CI systems could further
be classified into “collaborative,” “competitive,” or “hybrid” systems [48]. The authors suggest that
in “passive” CI systems, groups of users would exhibit behavior of swarms, irrespective of whether
the system requires such a behavior or not. Whereas in “active” systems, crowd behavior is created
and coordinated by the system itself [48].

Lykourentzou et al. further state that based on this classification, CI systems have several com-
mon attributes (described in Table 12) [48]. The authors also highlight issues of “critical mass,”
“task and workload allocation,” and “motivation” that should be considered when designing CI
systems. Finally, Lykourentzou et al. model three types of CI systems (Collaborative: Wikipedia
and open source software development communities; Competitive: Innocentive, BootB, DesginBay,

ACM Computing Surveys, Vol. 53, No. 1, Article 14. Publication date: February 2020.



14:12 S. Suran et al.

Table 13. Requirements for Cl Applications (as Presented by Gregg in S7) [27]

Requirements Description

Task-specific representation CI applications should support task-specific views depending
upon the application domain.

Data is the key The effectiveness of CI applications is directly proportional to

its data quality and quantity, and therefore should facilitate
data collection and sharing among its users.

Users add value CI applications should help users to improve the usefulness of
data, by providing mechanisms that enable user-oriented
addition, modification, or enhancement of data.

Facilitate data aggregation Keeping the importance of data in mind, CI applications should
be designed with necessary features that enable data
aggregation throughout the duration of the systems’ use.

Facilitate data access CI applications should offer services and mechanism that
facilitate reuse of data outside the application.

Facilitate access for all devices CI applications should provide services that are usable not just
with PCs and internet servers, but also portable devices like
PDAs, smart-phones, and tablets.

The perpetual beta New features must be added to CI applications from time to
time, depending upon the community needs and requirements
[27].

DARPA Network Challenge; Passive: vehicular ad-hoc networks) using the previously identified
attributes [48].

3.7 S7 (Dawn G. Gregg 2010)

The aim of this study is to demonstrate the requirements for designing CI applications. Gregg
states that a CI application harnesses the knowledge of its users by facilitating human interaction
and decision-making, and therefore, new CI applications must center around the importance and
use of user-defined data [27]. Inspired by the work of O’Reilly [79], Gregg proposes seven key
requirements for CI applications (described in Table 13) [27].

To illustrate how these requirements could be used to design CI applications, the author devel-
oped the “DDtrac” application for children with special needs. The application was intended to
support decision-making in special education and therapy. DDtrac is a web-based CI application
and has two main objectives: first, the application facilitates communication between therapists
and teachers so that they could share information about the needs of the children; second, the ap-
plication allows data collection and provides tools for data analysis to understand a child’s progress
and to determine adjustments necessary for a better development of the child. The application was
deployed for a duration of 18 months with one autistic student and his teachers and therapists. Af-
ter the conclusion of the trial, all participants reported that the application successfully achieved
both its core objectives and helped to improve the academic performance of the student [27].

3.8 S8 (Martijn C. Schut 2010)

This study aims to provide systematic guidelines and instructions for development of CI models,
irrespective of the developer’s domain. To come up with these guidelines the author first con-
ducted a number of research studies and identified key contributions which distinguish CI sys-
tems from other ICT systems. Based on the literature, Schut compiled a list of properties of CI
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Table 14. Properties of Cl Systems (as Presented by Schut in S8) [70]

Types Properties
Enabling CI properties  These properties enable the emergence of collective intelligence in a
system.

 Adaptivity refers to the capability of a system to change its
behavior or structure depending upon the environment.

 To understand system behavior, it is important to understand
both individual actions and interactions among individuals as a
whole. These interactions enable the flow of information within
systems.

¢ Individual or system behavior can be described fundamentally
using rules. Such rules implicitly represent the relationship
between system inputs and outputs [70].

Defining CI properties  If these properties exist in a system, it can be considered a CI system.

* Global-Local are levels which distinguish between aggregation
at system and individual level, respectively. This distinction is
important for understanding adaptivity and emergence.
Adaptivity can occur at local and/or global level, whereas
emergence is achieved by going from local to global.

* Complex systems must have elements of randomness in order to
behave as self-organized critical systems.

* Emergence is defined as the principle that “the whole is greater
than the sum of its parts” [14], and occurs when moving from
“the lowest abstraction level (individual) to the highest
abstraction level (system)” [70].

* Redundancy means that the system should allow its users to
access/visualize available knowledge and information at
different locations within the system’s user interface.

* Redundant data can make the system robust, as data that are
lost due to malfunctions could still be recovered from other
sources [70].

systems [70] presented in Table 14. After this, the author investigated several strands of research
such as complex adaptive systems, swarm intelligence, and others, that are often described as be-
ing synonymous or at least associated to collective intelligence [70]. Based on the findings, Schut
finally proposed a “systematic approach for designing CI system models” [70] and illustrated the
proposed methodology using two case studies, namely, the “Chinese Whispering Room” and the
“Braitenberg collectivae” [70].

The CI system modeling approach proposed by Schut is divided into three phases, i.e., “system
design,” “model design,” and “models” (which are further categorized into “generic,” “system,” and
“computer” models) [70]. The components of the “system design” phase are inspired by examples
from self-organization, multi-agent systems, and swarm intelligence; whereas the components of
the “model design” phase are influenced by the work of van Gigch [80] on system modeling and
of meta-modeling.
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3.9 S9 (Dimitrios J. Vergados et al. 2010)

The aim of this study is to present a framework that can foster the emergence of CI in web com-
munity based platforms. Based on published research, Vergados et al. describe a generic CI system
as having three main components, i.e., “human community,” “machine intelligence,” and “system
information” [81].

Vergados et al. argue that although the proposed CI framework may lead to the development
of completely different CI systems, all systems would share a number of common characteristics
[49]. The authors describe these characteristics as follows [81]:

—System attributes (same as described in Table 12)
— Set of possible individual actions
— System state
— Community and Individual objectives [48, 81]
—Functions (same as described in Table 12)
— Expected community member action functions
— Future system state functions
— Objective functions [48, 81]
—Other elements
— Resource allocation algorithms: These algorithms define the required user actions (depend-
ing upon the system state) necessary to reach user/system goals and to maximize the
usefulness of the system.
— Critical mass: This indicates “the minimum number of users necessary for the system to
function effectively” [81].
— Motivation: A vital factor, important to improve the quantity and quality of user partici-
pation in a CI system. [81]

Finally, Vergados et al. evaluate the proposed framework by means of simulation where they
analyze how the quality of Wikipedia articles could be improved, if the system was based on the
proposed concepts. The authors compare the performance of their approach against the current
approach used in Wikipedia by using the mathematical functions of the proposed framework. The
authors claim that, based on their framework, a CI-enabled Wikipedia community could signifi-
cantly improve the quality of articles, while reducing the time required for these articles to reach
satisfactory quality [81].

3.10 S10 (Thomas W. Malone et al. 2009)

This study aims to propose a new framework that explains the underlying model of CI systems.
To do so, Malone et al. examined 250 web-enabled CI systems; and based on their findings, iden-
tified the building blocks or “genes” (analogy adopted from biology) of CI [52]. The authors then
classified these building blocks, using two pairs of fundamental questions [52], i.e.,

—“Who is performing the task? Why are they doing it?”
—“What is being done? How is it being done?” [52]

The answers to these questions with respect to staffing, incentive, goal, and structure/process were
then proposed as the “genes” of CI systems [52]. Malone et al. state that different CI systems could
be modeled using the combination and recombination of these building blocks. A brief overview
of these “genes” is presented in Table 15 [52].

To explain these genes further, Malone et al. examined four web-enabled CI systems: Linux,
Wikipedia, InnoCentive, and Threadless. Finally, the authors claim that the “sequences of genes” of
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Table 15. Building Blocks of Cl (as Presented by Malone et al. in S10) [52]

Genes Description
Who?  Hierarchy In this gene, tasks are assigned to individuals or groups by someone
in authority (similar to traditional hierarchical organizations).
Crowd In this gene, individuals within the group can indulge in activities if
they choose to do so; and there is no authoritative figure [52].
Why?  Money Financial gain can be a big motivator for individuals in markets and
organizations.
Love In many situations, emotional states such as love, affection, passion,
or simply interest could be a great motivator for participants.
Glory Recognition by competitors, colleagues, or general public is another
important motivator [52].
What? Create In this gene, participants create something like a T-shirt design, a
piece of code, or an innovative solution to a given problem.
Decide In this gene, participants evaluate and select items from a set of
options; primarily, submitted by other participants [52].
How?  Create
Collection This gene occurs when participants create solutions independently.
A sub-type of this gene is the contest gene, which occurs when one
or many contributions are recognized as best and are rewarded.
Collaboration  This gene occurs when participants create solutions as a group, and
the proposed solutions are interrelated or interdependent.
Decide
Group This gene occurs when “members of a crowd make a decision that
applies to the crowd as a whole” [52]. Important variants of this
gene include voting, consensus, averaging, and prediction markets.
Individual This gene occurs when members of the crowd make their own

independent decisions, which might be influenced by other
members but are not necessarily identical. Two important variants
of this gene are markets and social media [52].

each of these systems could be combined into genomes that could help us to understand these CI
systems better [52].

3.11 S11 (Luca landoli 2009)

The aim of this study is to provide a model for management of CI, and to raise issues that must be
considered when designing CI systems. Iandoli argues that although there are several open issues
in CI, all of these issues could be organized into two macro-areas, i.e., “management of collective
intelligence” [32] and “design of collaborative tools” [32].

Iandoli states that online/virtual communities could be viewed as organizations and, therefore,
could also be modeled as such. Based on this hypothesis, Iandoli et al. proposed five characteristics
of online/virtual communities “when modelled as organizations” [33]:

(1) “Clear goals and objectives” [32, 33] coherent with a predefined mission.

(2) “A large number of participants” [32, 33] who can offer their time and efforts to achieve
the system goals (by knowledge sharing, creation, and consensus activities) in return for
incentives.
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(3) “A set of processes” [32, 33] that allow participants to develop, submit, or evaluate new
ideas, artifacts, and decisions by collaborating with others.

(4) “Rules” [32, 33] that govern how participants interact with the system and each another.

(5) “Participant roles and responsibilities” [32, 33].

Iandoli further argues that even if virtual communities are modeled as organizations, such com-
munities would still face major governance issues because of the many differences between virtual
communities and real organizations. Three of these issues [32] are the following:

— Attention governance: This involves reducing the possibility of premature, incomplete, or
biased decisions, caused due to the lack of correct and unbiased knowledge or due to peer
pressure.

— Participation governance: The system must facilitate and support participation of large num-
bers of individuals from diverse backgrounds. Participants must be provided with suitable
incentives to keep them inspired and motivated to share their information and knowledge,
and to help achieve the system objectives in an unbiased fashion.

— Community governance: Appropriate rules must be established to enable smooth and sta-
ble interactions among participants and communities; the system should be organized
hierarchically and individuals should be given clearly defined roles, responsibilities, and
incentives [32].

Finally, Iandoli states that even if all the above-mentioned issues are resolved, there would still be
two challenges, i.e., “designing proper visualization tools” [32] and “designing trust and reputation
appraisal systems” [32] that would have to be dealt with, irrespective of the technologies used
when designing such collaborative platforms [32].

3.12 S12 (Andre Boder 2006)

This study aims to establish a new model for CI in organizations. The model is inspired by Non-
aka’s work on “The Knowledge-Creating Company” [59] and provides insights that enable trans-
formation from tacit to explicit knowledge within and among organizations, from a collective
intelligence perspective [3].

Pertaining to literature on knowledge management in organizations, Boder argues that the pro-
cess of how organizational elements (such as individuals, their expertise, formal and informal
networks, methods of communication, and implicit cultural norms) interact to enable knowledge
creation, represents a form of CIL. Based on this argument, Boder presents the building blocks of
organizational collective intelligence [3]:

—Block A (Development of competencies), i.e., the first block “is the development of competen-
cies” [3]. Although difficult to realize, organizations should aim to develop complementary
competencies. This could possibly be achieved by human resource managers, who should
identify individuals with different competencies gained from different situations; and once
such individuals are identified, knowledge managers should bring them together so that
their competencies complement each other. Doing so, organizations could take advantage
of individual competencies and therefore create new knowledge.

—Block B (Goal development). The second block “is the development of a common represen-
tation of the goals” [3]. Although each group or department within the organization could
have its own goals and objective, these goals and their representations should be aligned
with the organizations overall objectives and should be coherent.
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—Block C (Mechanic development). The third block “is the development and alignment of pro-
cesses into mechanics of interactions between entities involved” [3], i.e., organizations. The
formal and informal norms of the organization must be stated explicitly; additionally, em-
ployees should respect each others expectations and should trust each others competencies,
because such a culture would enable smooth articulation when dealing with new problems
or challenges [3].

To illustrate how these building blocks could be used in the process of building CI, Boder breaks
down these actions into six groups, and describes six generic tools that could be utilized to apply
these actions [3]. He then uses these tools and actions to describe three scenarios: “the value chain”
[3], “co-integration of key competencies to achieve a critical medical mission” [3], and “innova-
tive problem-solving” [3]. Finally, the author concludes by stating that organizations must create
novelty to survive and evolve. And this is only possible if organizations build collective intelli-
genceCl by combining the know-how of their employees and integrate organizational knowledge
with partner organizations by “coordinating their respective value chains” [3].

4 DATA SYNTHESIS

In this section, we look at the different definitions and classifications of elements that describe a
CI model, as proposed by the studies discussed in Section 3. Looking at all these elements, it is
clear that different authors define CI systems using different terminologies such as characteristics,
levels, requirements, properties, and building blocks; however, a deeper examination of these models
proves that each of these definition types propose similar (if not the same) concepts. Similarly,
many of the selected studies explain CI from different perspectives (such as CI in organizations,
CI as self-organizing systems, and others); however, the characteristics of CI presented in these
studies are very much alike. Table 16 presents the list of all characteristics proposed in the selected
studies and classifies them into 24 unique attributes (described in Section 5) according to their
definitions (described in Section 3). It is important to note here, that some of the selected studies
have proposed combinations of characteristics from previous research; and therefore, are presented
as combinations of attributes in Table 16.

Based on the findings of the data extraction and data synthesis stages, we now answer the first
two research questions.

4.1 Research Question (RQ1)

What are the underlying models of existing CI systems? What are the common terminologies used to
describe CI models? What are their components? And, how are these components associated to each
other?

4.1.1 RQI.1. What are the Underlying Models of CI Systems?

Literature shows that CI is a multidisciplinary field, drawing concepts and techniques from a
number of different disciplines including computer science [23], organizations [25], social media
[69], complexity sciences [70], and psychology [84]; therefore, different scholars have described
CI from different perspectives. However, over the years only three definitions of CI have been
widely adopted in ICT; two of which were proposed in this decade. The first formal definition of
collective intelligence (in ICT) was proposed by Pierre Lévy (1997) [43], followed by Jerome C.
Glenn (2013) [23] and Thomas W. Malone (2015) [50]. Although each of the definitions describes
CI in its own distinct way, nevertheless, when examined together, the definitions express CI as
having three main components, i.e., individuals (with data/information/knowledge); coordination
and collaboration activities (according to a predefined set of rules); and means/platform for real-time
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Table 16. Terminologies Used (in S1-S12) to Describe Cl Systems and Attribute 1D(s)
of Their Respective Classifications
Study  Definition Type Classification Sub-classification Attribute
ID ID(s)
S1 Characteristics ~ Diversity Al
Independence A2
Decentralization Al, A2
Aggregation [58] Al6
S2 Steps Cognitive diversity Al
Promote independence A2
Access decentralized A17
knowledge
Effectively aggregate Al6
knowledge [53]
S3 Levels Capacity level Set of possible individual A18
actions
Massive participant A19
interaction
Competencies A7
development
Emergence level System state A20
Self-organizing A8
Emergent behavior A9
Mechanic development A10
Social maturity level Community and All
individual objectives
Goal development [73] Al2
S4 Levels Micro-level Humans as social animals A13
Personal interaction A19
capabilities
Trust A10
Motivation A3
Attention A19, A3
Communities A4
Level of emergence Complex adaptive systems A8, A9
Self-organization A8
Emergence A9
Swarm intelligence A8, A9
Stigmergy A8, A9
Distributed memory A17
Macro-level Decision-making A13
Wisdom of crowd A13
Aggregation Al6
Diversity Al
Independence [67] A2
(Continued)
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Table 16. Continued
Study  Definition Type Classification Sub-classification Attribute
D ID(s)
S5 Characteristics ~ Objective of a task A12
Size of contribution A5
Form of input A21
Form of output A21
Stakeholder [21] A4
S6 Characteristics  Set of possible individual A18
actions
System state A20
Community and All
individual objectives
Critical mass A5
Task and workload Al4
allocation
Motivation [48] A3
S7 Requirements Task-specific A22
representation
Data is the key A23
Users add value A6
Facilitate data Ale6
aggregation
Facilitate data access A17
Facilitate access for all A17
devices
The perpetual beta [27] A8, A9
S8 Properties Enabling CI properties Adaptivity A8, A9
Interactions A19
Rules A10, A21
Defining CI properties Global-local Ale
Randomness A8
Emergence A9
Redundancy A22
Robustness [70] A24
S9 Characteristics ~ System attributes Community and All
individual objectives
Set of possible individual A18
actions
System state A20
Other elements Resource allocation Al4
algorithms
Critical mass A5
Motivation [81] A3
(Continued)

ACM Computing Surveys, Vol. 53, No. 1, Article 14. Publication date: February 2020.



14:20 S. Suran et al.

Table 16. Continued

Study  Definition Type Classification Sub-classification Attribute
ID ID(s)
S10 Genes Staffing Crowd A4
Hierarchy A4
Incentive Extrinsic motivation A3
Intrinsic motivation A3
Goal Create A13
Decide A13
Structure/Process Collection Al5
Collaboration Al5
Group Decision A15
Individual Decision [52] A15
S11 Characteristics ~ Clear goals coherent with Al12
mission
Large number of A5, A3
motivated participants
A set of processes Al5
Rules A10, A21
Roles and responsibilities A18
(32]
S12 Building Blocks Competencies A7
development
Goal development Al12
Mechanic development A10
(3]

communication (viz., hardware/software). When combined, these components enable intelligent
behavior in groups or crowds.

Table 17 is the result of segregating all the characteristics defined in Section 3 in terms of the
just discussed three main components of CI systems.

4.1.2  RQ1.2. What are the Common Terminologies Used to Describe CI Models?

As suggested in the selected studies, CI models have been described using terminologies such as
characteristics (S1, S5, S6, S,9 and S11), steps (S2), levels (S3 and S4), requirements (S7), properties (S8),
genes (S10), and building blocks (S12). And, each of these terminologies is further segregated into
different classification and sub-classifications as described in Section 3. However, as mentioned
in the previous sections, the terminologies used in these models describe similar concepts, and
therefore can be classified into unique attributes as presented in Table 16.

4.1.3  RQ1.3. What are the Components of CI Models? And, How are These Components Associated
to Each Other?

Typically the components of ICT systems are classified as data, hardware, software, information,
procedures, and people. However, since the selected studies describe CI models by the means of
their characteristics, these characteristics can be interpreted as the components of Cl models. Based
on the definitions of CI [23, 43, 50], we can segregate these characteristics/attributes and their
relationship into the three main components of CI as described in Section 4.1.1 and presented in
Table 17.
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Table 17. Unique Attributes of CI (from S1to S12) Segregated According to the Components of Cl

Component Characteristics Attr. ID Study ID(s)
Individuals Diversity Al S1,S2, S4
(with data, information, Independence A2 S1, S2, S4
knowledge) Motivation A3 S4, S6, S9, S10, S11
Crowd A4 S4, S5, S10
Critical mass A5 S5, S6, S9, S11
Users add value A6 S7
Coordination and Competencies development A7 S3, 512
collaboration activities  Self-organization A8 S3, 54, S8
(according to a Emergence A9 S3, S4, S8
predefined set of rules)  Trust and respect A10  S3,54, S8, S11, S12
Community and individual objectives =~ A11 S3, S6, S9
Clear goals and objectives Al12 S3, S5, S11, S12
Wisdom of crowd A13 S4, S10
Task and workload allocation Al4 S6, S9
Set of processes A15 S10, S11
Means for real-time Aggregate knowledge Al6 S1, S2, S4, S7, S8
communication Access to decentralized knowledge Al7 S2,S4, S7
(viz., hardware/software) Roles and responsibilities Al18 S3, S6, S9, S11
Massive interactions A19 S3, S4, S8
System state A20 S3, S6, S9
Predefined input/output types A21 S5, S8, S11
Task-specific representation A22 S7,S8
Data is key A23 S7
Robust A24 S8

4.2 Research Question (RQ2)

Do any of the available CI models appropriately define all CI systems, irrespective of their applications?
Can these models be used to create CI systems for novel challenges?

Comparing all characteristics of the studied CI models (see Table 16) with the components of
CI systems (described in Section 4.1.1 and presented in Table 17), we see that none of the studied
models have all 24 unique attributes, and therefore cannot define all CI systems completely. How-
ever, the existing models provide insights that can assist in planning when designing a CI system;
and point out challenges that would have to be solved in order to achieve a robust and adaptive
CI system. Most authors themselves state that their proposed CI models only describe collective
intelligence in specific domains (S2, S3, S4, S9, S11, and S12), and suggest that further research and
investigation is required to gain a better understanding of generic CI systems (S1, S3, S6, S8, S10,
and S11). Therefore, although particular CI models can be used to define CI systems for specific do-
mains, the same models might not be as useful when designing CI systems from other disciplines.

Furthermore, since the proposed models are evaluated using either quantitative/qualitative in-
terviews (S3), or case studies (S4, S8), or examples from scenarios (S12), or simulations (S9), or
applications/systems built based on the models (56, S7, S10), it is not possible to identify a single
model that can be used (in its current state) to design CI systems for novel challenges. For now,
the most generic CI model available in literature is the one proposed by Malone et al. (510) [21];
however, this highly cited and accepted model needs to be developed further for a deeper and more
accurate understanding of CI [21, 52, 76].
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5 A NOVEL FRAMEWORK FOR CI

Using the findings from the data extraction phase of the SLR, we now attempt to contribute to the
available CI models by proposing a unified framework for CI by combining the 24 unique attributes
(see Table 17) of CI models identified from studies S1-S12. The purpose of the proposed framework
is to answer the final research question (RQ3) and provide additional insights and explanations that
can help us better understand CI systems in general. In order to evaluate the proposed “generic” CI
model, we will compare the model to multiple CI systems, each designed for a different objective
and belonging to different disciplines (see Section 6).

RQ3. Can we somehow combine the available knowledge of CI models and systems to create a
unified model that could define all CI systems?

We combine the knowledge of the CI models studied in this SLR, and propose a novel framework
that describes CI systems in a fine-grained manner. We do so by comprehensively classifying all
components of the studied CI models into 24 unique attributes (see Table 16), and then categorizing
them into three sections:

—a “generic” model that defines all CI systems;
—additional requisites for CI systems; and
—CI as a complex adaptive system.

While taking inspiration from the building blocks for CI proposed by Malone et al. [52], com-
bined with the findings from Section 4.1.1, we propose a model that describes CI systems by the
means of staff, process, goal, and motivation. Designed as an extension to Malone’s concept of
building blocks, the proposed generic model segregates the originally proposed genes into more
fine-grained types; introduces a new classification, namely, interactions; and suggests vital proper-
ties for the staff and goal building blocks of the generic model. Finally, remaining attributes that
could not be accommodated into the building blocks are aggregated into the additional requisites
category.

5.1 A Generic Model for CI Systems

As mentioned in Section 3, Malone’s genome model for collective intelligence [52] is based on two
pairs of questions: “Who is performing the task? Why they are doing it?” and “What is being done?
How is it being done?” [52]. Based on these questions, the authors proposed the analogy of genes
categorized as staffing, incentives, goal, and process. Each of these categories was subdivided into
individual genes which, when combined, created the genome of CI systems. Drawing from the
literature, we decided to move away from the concept of genes, and rather examine the proposed
genes as types. Doing so, we realized that the available genes could be segregated into new types
and sub-types. And, while some of the genes could be better understood as interactions between
types, others could be explained as necessary properties inherent to these new types.

5.1.1 Who is Performing the Task? The staff in CI are the actors who perform different tasks
within the system (as suggested in S10). As literature suggests, these actors or individuals must
interact with each other based on certain rules depending upon the structure (hierarchical/non-
hierarchical) of the system. And, when viewed as a collective, the staff of a CI system must exhibit
a specific set of properties for the system to function effectively.

— Types: The actors or individuals in a collective are the first component of a CI system, and
therefore play a vital role in describing how the system functions (A6). Typically, these
actors (A4) can be segregated on the basis of their roles and responsibilities (A18) within
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the system. Drawing insights from S4, S5, and S10, we determine that actors in a CI system

can be classified as follows:

— Passive actors or beneficiaries are individuals who aim to gain from the outputs produced
by the CI system, but do not wish to contribute in the problem solving process. These ben-
eficiaries could either be stakeholders who are financially motivated, or end-users who
simply want to exploit the knowledge produced by the system (but do not wish to ac-
tively contribute). Examples of stakeholders in CI systems could be seen in the following
projects: Threadless, InnoCentive [15], and GoldCorp [83]. Here, the host organizations
crowdsource their problems (designing of T-shirts, research and development, and iden-
tifying ideal mining locations, respectively) to the general public, with the intention of
using the produced knowledge or artifacts for their own advantage.

— Active actors or contributors are individuals who are involved in CI processes (defined in
“How”); such actors use their knowledge and expertise and help to create innovative solu-
tions to the given problem. Such contributors can be further divided into two categories,
namely, crowd and hierarchy.

* Crowd in a CI system comprises actors who actively contribute new knowledge, infor-
mation, or artifacts to the system. Such actors are allowed to carry out a predefined
set of actions, based on concrete sets of rules and regulations; however, there is no
authoritative figure that has direct control over the actors’ individual actions. Exam-
ples of crowd in CI systems can be seen in the following projects: Climate CoLab [34],
WikiCrimes [19, 68], and WeKnowlIt [42] where users contribute data and information
about the weather, crimes, and disasters, and also help verify the authenticity of the
accumulated knowledge. Whereas, in projects such as Threadless [15], members of the
crowd contribute by creating new artifacts and deciding on the best.

* Hierarchy in a CI system comprises administrators and experts who are responsible for
allocating tasks to the crowd. While the administrators monitor crowd behavior in the
system and make sure that the community and individual goals of the collective are
achieved, the experts analyze and verify the contributions of the crowd. Additionally,
in some cases the experts also help in identifying the best contributions or solutions.
An ideal example of such a hierarchy can be seen in WikiCrimes: institutional agents,
monitor agents, reputation agents, and others are responsible for different administra-
tive activities within the system [19, 68].

— Properties: To ensure that a collective exhibits intelligent behavior, the collective of actors
in a system must have a few crucial properties. According to S1, S2, and S4, a CI system
must promote diversity and independence among its actors, as this can enable the creation
of novel solutions exploiting knowledge from individuals familiar with multiple domains
and with different experiences. Also, these actors should be allowed to act independently,
as this can help to get rid of peer pressure, and therefore to reduce user-generated bias.
Finally, to enable an effective collective intelligence, a collective must have critical mass or
a minimum number of actors as suggested in S5, S6, S9, and S11.

— Diversity (A1) in CI systems refers to the heterogeneous nature of actors, who belong to
different age groups, genders, and educational, financial, and cultural backgrounds. This
is important as, such diverse actors can provide diverse pieces of knowledge, perspec-
tives, interpretations, and experiences; and this could lead to the creation of innovative
solutions and better decisions. An example of the advantages of diversity in actors can
be seen in InnoCentive [15]: organizations with small R&D groups crowdsource their
problems to acquire new and innovative ideas.
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— Independence (A2) means that the opinions of one actor should not be influenced by the
opinions of others. Independence among actors is vital, as it can help to avoid information
cascades where users pass information that they assume to be true (without appropriate
evidence or knowledge), and therefore make irrational choices and decisions [1, 46, 55].

— Critical mass (A5) in collectives is defined as the minimum number of actors who must
participate in system processes for the system to function effectively. Although studies
suggest that critical mass is an imperative property that enables effective creation and
constant exchange of diverse knowledge and information, the concept needs to be inves-
tigated further as critical mass in different CI systems can often depend upon the system
goals and objectives.

— Interactions: Interactions in CI systems can either exist between two or more actors, or
among actors and the contributions of others. Such interactions can be categorized as
follows:

— Trust and respect (A10) are two preconditions for cooperation. When dealing with new
problems or challenges, actors in a collective must treat each other with respect and
should trust each others’ abilities and competencies, as doing so can enable smooth and
efficient flow of knowledge and information within the system.

— SECE: “Socialization, Externalization, Combination, and Internalization” [59] (A7) are the
four components of Nonaka’s model for knowledge creation in organizations [59]. Using
these knowledge dimensions, organizations can convert their employees’ tacit knowledge
into explicit organizational knowledge and back. Since the SECI model was originally
designed to promote sustainable innovation in organization, these concepts can also be
utilized in CI systems to enable competency development in actors (as suggested in S12
and [11]).

Finally, as suggested in S3, S4, and S8, a CI system must support such interactions in massive

volumes (A19).

5.1.2 Why They are Doing It? Motivation (A3) in CI systems is essential to maintain user en-
gagement and encourage participation. Depending upon on the objectives of a system, users in a
CI system could be motivated by their desire to gain knowledge (as in Wikipedia [45]) by money
and glory (as in Threadless [8] and InnoCentive [57]) or by social cause (as in hackAIR [54]). Ac-
cording to Malone et al. (S10), money, love, and glory can be considered high-level motivations
for people participating in CI systems [52]; whereas, Vergados et al. (S9) categorize motivation as
tangible, intrinsic, and self-fulfilling [81]. Combining the recommendations from S4, Sé, S9, S10,
and S11, we categorize motivation as intrinsic and extrinsic.

— Intrinsic motivations such as social cause, interest, passion, and self-fulfillment encourage
actors in a collective to collaborate and contribute for the betterment of the community or
its individuals. An example of such motivation can be seen in DDtrac: school teachers and
therapists collaborate to understand a child’s needs and determine necessary adjustments
in teaching techniques for better development of children with special needs [26, 27].

— Extrinsic motivations are factors external to CI tasks that encourage actors to contribute in
hopes of getting rewards. Such motivations can be either tangible like money and trophies
or, intangible like fame and glory. In CI projects like Threadless [8], InnoCentive [57], and
Goldcorp [83] participants are offered cash rewards and prizes for submitting ideas and
designs; whereas, in WikiCrimes [19] participants gain a reputation based on the reliability
their contributions.
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5.1.3  What is Being Accomplished? Unlike Malone’s gene model (510) that attempts to answer
the question of “What is being done?” (from an organizational perspective), we decided to focus
on the question of “What is being accomplished?” for our proposed model. Based on the literature,
we found that our question is a better fit, as it could appropriately define the different types of
objectives/goals (of CI systems) presented as characteristics in several selected studies. In general,
these goals can be defined as “observable and measurable desired results bound to one or more
objectives, that have to be achieved by committed actors within a finite time-frame.” Since col-
lective intelligence initiatives are typically motivated by community or individual objectives (A11)
as suggested by S3, S6, and S9, we segregate CI goals into the two aforementioned types. These
types can be seen again in Threadless: individuals with a niche in T-shirt designing participate in
competitions to present their contributions to the community, learn from others’ feedback, and
earn money; whereas, the community’s goal is to bring new T-shirt designs to the marketplace
by choosing and popularizing trending designs [8]. Additionally, drawing from the contributions
of S3, S5, S11, and S12 the requisite properties of these CI system goals could be categorized as
well-defined and objective (A12).

5.1.4 How is It Being Done? Malone et al. categorized the processes in CI systems as combi-
nations of dependent-independent and create-decide activities, where the create-decide activities
answered the question “What is being done?” [52]. In our proposed model, however, we describe
CI processes (A15) as types of activities and interactions. As literature suggests, the activities can
be either create, where actors come up with new ideas or design new artifacts; or it can be de-
cide, where actors express their likes or dislikes for a particular subject or artifact. Since both of
these activities can be either be done by individual actors or groups of actors;, these activities
could also be viewed as dependent or independent interactions. To add more granularity to pro-
cess types, create activities can be further classified into contest (S10) and voluntary. As the names
suggest, contest create activities are carried out in competitive environments and are extrinsically
motivated, whereas voluntary create activities are intrinsically motivated. It is the combination of
these three types (decide, contest, and voluntary) and interactions (dependent and independent)
that enables intelligence in collectives (A13).

— Collection (i.e., create plus independent): In such activities or processes, actors participate as
individuals and their contribution to the system is a result of their independent work. An
example of collection through contest can again be seen in Threadless: individuals compete
for cash rewards by creating and submitting new T-shirt designs [8]. Whereas, in Wiki-
Crimes, actors contribute through voluntary collection by reporting criminal activities they
witness in their local vicinity [19].

— Collaboration (i.e., create plus dependent): Such activities are carried out by groups of actors
or communities where multiple individuals work together as a single entity and create new
ideas or products.

As an instance for voluntary collaboration, we can again look at DDtrac: therapists and
teachers work together to maximize the learning outcomes of students with special needs
[27]. Similarly, in hackAIR, volunteers from NGOs conduct workshops to build citizen in-
terest in the hackAIR platform and educate them on how they could become a part of
the project’s community and help to gather air quality data from their local vicinity [40].
Whereas, collaboration in contests is seen in openIDEO, where multiple participants work
as a team and propose solutions to societal challenges, in hopes of getting financial rewards
[67].

— Individual decision (i.e., decide plus independent): Such decisions are made by individuals
acting as independent entities and can be different for different actors. However, in some
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cases these decisions may be influenced by the information provided by other actors. For in-
stance, in Threadless the members of the community independently vote for T-shirt designs
submitted by the participants. Unfortunately, as suggested by Salminen in S4, in some cases
participants tend to create multiple accounts with the intension to down-vote their com-
petitors, thereby influencing other members and generating biased community feedback
[67].

— Group decision (i.e., decide plus dependent): In such activities, decisions are made by multiple
individuals as a group or a community, and the outcome of the decisions impacts the com-
munity as a whole. For instance, such consensus can be seen in Threadless: the employees
of the organization review the T-shirt designs chosen by the community and finally decide
which designs to produce and award [8].

5.1.5 Input and Output. The final component of a CI system is the flow of information, or form
of input/output (A21), and can be explained as interactions between the “who” and the “how” of
the system. The flow of information starts from the actors who are responsible for providing inputs
like individual knowledge and experiences, data from sensors, or end-user opinions and feedback
from social media platforms. The collected inputs are then processed using different activities
in “how,” and the results of these activities are then presented back to the actors who now take
new decisions or produce new artifacts based on this newfound knowledge. Since this flow of
information between the actors and the processes of the CI system is so vital, we decided to add it
to our generic CI model.

The aggregation of the aforementioned components is illustrated as the proposed “generic”
model for CI systems, in Figure 1.

5.2 Additional Requisites

Although any CI system can be described as the combination of the above-mentioned compo-
nents, there are a few additional requisites that must exist in a CI system for the system to work
effectively.

— System state (A20). This can be expressed as the minimum set of variables that completely
define a CI system. As discussed in S3, S6, and S9 the system state can include chal-
lenges/issues raised by the members of the community, the identified solutions, activities
of the users, and the system resources. Since our proposed model defines CI systems as the
combination of different processes, actors, motivations, and goals, unique combinations of
the same can be used to express the system state of a CI system.

— Data is the key (A23). “Collective intelligence draws on user-generated content and sharing
of information, knowledge and ideas” [69] and, therefore, data or information/knowledge
provided by members of the collective is a vital component of a CI system. For a CI system
to be able to reach its goals, the system must allow its users to collect, manipulate, and share
large volumes of data; this can enable robust innovations and decisions.

— Aggregate knowledge (A16). Since the effectiveness of a collective intelligence relies primar-
ily on user-generated data/information, CI systems must have mechanisms and processes
that aggregate this data/information. These aggregation processes are important as infor-
mation provided by the community can often come from a variety of sources and could
be incorrect or biased [20]. Aggregating the information, however, could help resolve con-
flicting information and could therefore allow for better innovations and reliable decisions.
Additionally, systems should also provide mechanisms that allow users to aggregate their
knowledge by means of social tagging (for information retrieval), collaboration (for ex-
change of vocabularies), and task-specific representation.
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Fig. 1. Generic model for collective intelligence systems.

— Access to decentralized knowledge (A17). Thanks to the growing number of internet users,
more and more people are able to communicate, collaborate, and share information on the
Web. Keeping user interest in mind, it is important for CI systems to allow users from dif-
ferent parts of the world to participate and gain from the knowledge or artifacts generated
by the system. To do so, the system must facilitate access across multiple devices like PCs,
laptops, smart phones, servers, and others. Furthermore, CI systems should support open
data and open innovation practices, and should allow data access to users even outside the
system.

— Task and workload allocation (A14). Another important aspect that should be kept in mind
when designing CI systems is the methods for coordination and resource allocation. When
designing CI systems, the expected tasks of different actor types should be predefined;
and based on these tasks, the rules and extent of interactions among actors and actor’s
access to the aggregated knowledge must be outlined. For instance, participants should
be allowed to add new solutions and view solutions submitted by others; however, they
should not be allowed to make changes to others’ contributions without the contributor’s
consent. On the other hand, system administrators should have complete access to the
data/information/knowledge produced within the system.

— Task-specific representation (A22). To support knowledge creation and enable fluid informa-
tion exchange among actors from asynchronous groups, CI systems should provide task-
specific representations like tables, charts, histograms, plots, and knowledge graphs. Addi-
tionally, depending on the task or problem, the system should allow its users to visualize
the same knowledge/information in different forms.
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— Robust (A24). Finally, since CI systems are designed as complex systems with multiple com-
ponents, actors, users, and resources; it is important for such systems to be able to handle
redundant and erroneous inputs. In addition to this, the system should also have appropri-
ate mechanisms for data/information/knowledge backup and recovery, in case of a system
crash or malfunction.

5.3 Cl as Complex Adaptive System

CI systems are complex by nature [70] and should be able to adapt to their environments, making
such platforms complex adaptive systems (as suggested in S4 and S8). However, for a system to
be complex adaptive, the system must exhibit adaptivity, self-organization, and emergence [60, 67,
70, 75].

Adaptivity means that the system or its components should allow constant changes over the
period of its existence, depending upon the needs of its collective [70]. System developers should
regularly update and evolve the platform by bringing in new technologies and services, based on
user feedback and requirements, under the condition that these requirements are aligned with the
system goals and objectives.

Self-organizing (A8) [47, 67] means the systems should be able to organize and re-organize its in-
ternal structure without the need of an external control [36, 72]. This behavior could be facilitated
by allowing the creation of communities, where each member of the community would have a rep-
utation that they could gain by providing useful contributions (in the form of insights, knowledge,
or artifacts) and through up-votes/stars given to them by other members of their community. Such
a reputation model can help create a structure within these communities, and therefore further in-
teractions between such communities can lead to self-organizing behavior within the system.

Emergence (A9) in a system occurs when simple interactions among low-level system compo-
nents give rise to new and unexpected patterns or properties, disparate from the properties of the
system as a whole (based on the definition of emergence proposed by Damper [14]). In adaptive
and self-organizing systems, regular modifications to the system and ever-changing user behav-
ior may lead to the creation of unforeseen patterns, properties, or outcomes, thereby exhibiting
emergent behavior.

6 COMPARATIVE CASE STUDIES

In this section, we evaluate the proposed generic model from Section 5.1 by examining six CI plat-
forms with respect to the aforementioned model. The CI platforms were chosen on the basis of the
following criteria: the platforms should belong to different disciplines/domains, the systems should
be available for use (during the time of study), the platforms should have been published/discussed
in scientific literature, the deliverables of the platforms should be available online, and lastly, the
platforms should be recent or ongoing.

Based on these criteria, we identified six CI platforms (see Table 1 in the Supplementary Ma-
terial). To analyze the platforms, we created user profiles on each of the platforms and observed
system processes for create and decide activities; over the duration of 6 months, i.e., starting Jan-
uary 2018 to the end of June 2018. During this period, we interacted with the system as passive
users. We created projects/ideas to analyze the creation process; however, we never submitted the
projects/ideas for evaluation. We observed submissions for other participants and feedback from
active users, and analyzed how the system communities and hierarchies work synchronously to
come up with new contributions and innovative ideas. Additionally, we studied the available tech-
nical reports, scientific publications, FAQs, and other useful resources for each of the platforms.
Aggregating our observations, we found that different aspects each of the six CI platforms could
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Table 18. List of Studied CI Platforms and Their “What”

CI Platform Year What Domain
CAPSELLA  2016-2018 IG: Learn about new ICT technologies that can Agrobiodiversity
help improve agronomic practices.
CG: Develop new ICT solutions, software and
applications, and promote start-ups that can
provide such solutions for agrifood business
and farmers.
hackAIR 2016-2018 IG: Learn about the concentration of air Air pollution
pollutants (especially particulate matter) in
cities and its effect on the health of local
residents.
CG: Provides citizens with real-time
information about air pollution levels in their
local vicinity and enables conversations for
possible improvements in air quality.
openIDEO  Ongoing  IG: Demonstrate their skills and expertise to Innovation platform
since 2010  solve complex challenges, and learn from
others” work.
CG: Tackle global challenges by developing
innovative solutions using human-centric
collaboration activities.
Climate Ongoing  IG: Participate in initiatives to help reach Climate change
CoLab since 2009 global climate goals.
CG: Collaborate with other communities and
experts, and help design/choose solutions to
help identify sustainable growth initiatives.
WikiCrimes Ongoing  IG: Report criminal incidents. And keep track ~ Crime monitoring
since 2008  of crime rates in the local vicinity.
CG: Assist governing bodies in validating
reports of crimes provided by individuals. Help
maintain a public record of all criminal
activities.
Threadless Ongoing  IG: Showcase their artistic ability by creating  Apparel design
since 2000 new T-shirt design.
CG: Express community interest and select
best T-shirt designs. Bring new and trending
T-shirt designs to the marketplace.

* IG: Individual goals. CG: Community goals.

be described using our proposed generic model. Tables 18, 19, and 20 present the “What,” “Who,”
and “Why-" “How” for each of the platforms, respectively.

6.1 What?

The goals of the six CI platforms can be summarized as follows:

The CAPSELLA project is designed to enable the creation of new ICT solutions for farmers and
agricultural experts. The platform focuses on ICT contributions that facilitate the collection and
exchange of data and experiences from individuals working in agriculture and bio-diversity.
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Table 19. Comparative of Cl Platforms—“Who”

Who Open Data
CI Platform - - - - —
Active (Crowd) Active (Hierarchy) Passive/Beneficiaries (Yes/No)
CAPSELLA Farmers, food and Agro-ecology, Farmer communities, Yes
seed communities agri-food, ICT experts  technology providers,
other organizations
hackAIR Citizens, open source  Environmental/ Enterprises, local Yes
communities health/educational governments
organizations,
scientific
communities
OpenIDEO Participants, Experts, challenge Participants (who No
innovators, alliances sponsors, advisory only wish to
board participate in
workshops)
Climate Participants, Fellows, judges Government bodies, No
CoLab community members business
organizations, civil
society, individual
citizens, consumers
WikiCrimes  Citizens Agents, news media, Citizens, government No
government agencies  agencies
Threadless Designers, consumers  Organization Consumers No
(Threadless)
Table 20. Comparative of Cl Platforms—“Why” and “How”
Why How *
Intrinsic Extrinsic Create
CI ; ; ; Decide
Platform Interest (I)/Passion (P)/  Tangible Intangible Contest Voluntary
Knowledge (K)/Social (cL/c)  (cLep)”  (ID/GD)
cause (S)
CAPSELLA IKS Money - CL Both GD
hackAIR IPKS hackAIR sensors  Points, badges CL Both GD
OpenIDEO IPKS Money Glory CL Both Both
Climate CoLab  IPKS Money Points Both CL Both
WikiCrimes IKS - Reputation - Both Both
Threadless IPK Money Design Quotient  CL CL Both

* CL: Collection. CB: Collaboration. ID: Individual decision. GD: Group decision.

hackAIR is designed as a platform where citizens can collect and access information about air
quality in different parts of the world. The system empowers citizens by providing openly avail-
able DIY sensor designs, tool-kits and tutorials, thereby enabling citizens to be a part of the data
collection process.

Similar to hackAIR, the openIDEO and Climate CoLab platforms deal with climate change and
other environmental/societal challenges. However, both of these platforms are designed to enable
the creation of new and innovative solutions by means of collaboration. While the contributions
in Climate CoLab are focused toward global climate change goals, the contributions in openIDEO
are focused more toward open innovation practices for societal change.
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The WikiCrimes platform allows residents to anonymously report criminal activities in their
local vicinity. This is especially useful in countries where citizens are not willing to contact the
law enforcement agencies due to fear or lack of trust. The platform also allows its users to track
the frequency and scale of criminal activities in different areas, thereby helping users in making
better decisions when visiting specific locations.

Finally, the Threadless platform is meant for e-commerce and focuses on retail of apparels. The
platform enables artists and designers to showcase their talent by sharing their T-shirt designs with
the community. The best designs are then made available for sale on the Threadless marketplace,
thereby providing artists and designers with a means of income.

We further elaborate the goals of these CI platforms as individual and community goals and
domains in Table 18.

6.2 Who?

Table 19 presents the different actors of the analyzed CI platforms, segregated into three categories,
namely, active (crowd), active (hierarchy), and passive/beneficiaries based on our proposed generic
model. The table also indicates whether the platforms provide open data for future research or not.

6.3 Why and How?

Table 20 illustrates how each of the analyzed CI platforms motivates different kinds of actors
using different sets of intrinsic and extrinsic motivators, and how different kinds of actors carry
out different create and decide activities based on their roles within the system.

After mapping our observations (from each of the platforms) to our generic model, we found
some interesting relationships between actor types, their motivations, and their activities:

— Decide activities are typically intrinsically motivated.

— Contest (create) activities by individuals of the active (crowd) are always extrinsically mo-
tivated. Whereas, voluntary (create and decide) contributions by individuals of the active
(crowd) are always intrinsically motivated.

— Voluntary (create) contributions can be of two types: as data or information contributed
by crowd, as in CAPSELLA, hackAIR, and WikiCrimes, or as feedback and suggestions
given by crowd and members of hierarchy to help improve participants’ contributions like
in OpenIDEQ, Climate CoLab, and Threadless.

7 THREATS TO VALIDITY

The primary threats to the validity of this Systematic Literature Review include bias in search
strategy, bias in selection process, and inaccuracies in data extraction.

The selection of studies relied on the search strategy, which included the selection of search
terms and literature resources, and the search process. The search terms were selected based on
both the research questions and an initial literature review; followed by a three-step process to
construct the search string as described in Section 1. We then chose four prominent academic
databases of computer science and used the formulated search string to identify relevant literature.
Table 2 presents the number and types of research articles identified from each of the academic
databases. To avoid bias in our search strategy and to identify relevant technical reports, books,
and theses, we conducted a manual search on Google Scholar.

To avoid bias in the study selection process, we first reviewed the titles and abstracts of the
identified studies and then selected only those studies that fulfilled the inclusion criteria. We then
studied these selected articles and manually checked their references to make sure that we did
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not miss any relevant articles during the search process. Finally, the selected studies were then
evaluated based on the quality assessment criteria. As a result of the study selection phase, we
were able to identify the most relevant studies with respect to our research questions.

To eliminate inaccuracies in data extraction, each primary study was independently studied
by all researchers and any disparities in findings were resolved through discussions. During the
process, we found two pairs of studies, i.e., S1, S2 and S6, S9, which shared a couple of similarities.
The first pair (S1, S2) described the characteristics of CI systems using similar classifications, while
the second pair (56, S9) was written by the same authors. By consensus, we decided to keep both
pairs in our selected studies, as S1 and S2 described CI systems from different perspectives, whereas
S6 and S9 provided different contributions.

8 CONCLUSION

The objective of this article was to analyze different collective intelligence models described in
the scientific literature and to identify a generic model that could be utilized to design new CI
platforms. To this end, we conducted a Systematic Literature Review, in which we identified 9,418
articles on collective intelligence models. Out of these articles, we selected 12 studies based on
an exhaustive selection process. We then critically analyzed these selected studied and found that
none of the models provided a generic view of CI systems, as each of the models was designed
based on specific perspectives. And, the models that could potentially be used to design domain
independent CI systems lacked granularity and needed to be researched further. So, to fill this
research gap, we aggregated the components of the CI models described in the selected studies and
proposed a unified framework for understanding CI systems. The proposed framework describes
CI systems in three parts. First, a generic model, which describes CI systems as a combination
of goals, staff, motivation, and processes, which are further described as types, interactions, and
properties. Second, a list of requisites necessary for CI systems to work effectively. And third,
guidelines that could enable complex adaptive behavior in CI platforms.

To evaluate if the proposed model could define CI systems from different domains, we selected
a set of ongoing CI projects and observed user activities within the platform, over a duration of 6
months. After this, we systematically organized our observations and segregated them according
to the different components of our proposed generic model. We found that our model successfully
described the components of each of the CI platforms and revealed some interesting relations be-
tween the types of actors, their activities, and motivations. The evaluation of the proposed model
also gave us the opportunity to present our unified CI framework by means of examples (i.e., six
ongoing CI initiatives). It was imperative that we describe the components of these CI platforms
in terms of the proposed CI model, so that both researchers and system designers/developers in
the field could utilize our novel model to design and develop new CI systems. The 24 unique at-
tributes that describe the proposed framework could provide initial insights to system designers
and developers, and could be beneficial during the requirement elicitation process when develop-
ing new CI systems. We recognize that we need to further examine the proposed framework by
comparing it to a larger set of CI platforms, as doing so would help us gain a deeper understand-
ing about how the proposed framework could be used to design new CI systems. Additionally, we
would like to evaluate the proposed framework by conducting qualitative interviews with domain
experts and researchers working on upcoming CI initiatives. And finally, we would also like to
investigate different trust and reputation models that could be utilized to reduce user bias within
CI platforms, thereby enhancing user experience and enabling a smooth exchange of knowledge
and information within communities.
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A  SUPPLEMENTARY MATERIAL
A.1 Details of Selected CI Platforms

Table 1 presents the short name, full name, URL, types of related publications, and organizations
of the examined CI platforms.

Table 1. Details of Examined Cl Platforms

Platform Full name URL Resources™ Organization
CAPSELLA Collective Awareness Platform  capsella.eu TR, CP CORDIS
for Environmentally Sound (H2020)

Land Management based on
Data Technologies and

Agrobiodiversity
hackAIR Collective awareness platform hackair.eu TR, CP CORDIS
for outdoor air pollution (H2020)
openIDEO Collaborative platform for the openideo.com Cp IDEO
design process
Climate CoLab Climate CoLab climatecolab.org CP MIT CCI
WikiCrimes ~ WikiCrimes wikicrimes.org ~ CP CNPq
Threadless Threadless threadless.com  CP SkinnyCorp

LLC

“TR: Technical Reports. CP: Conference Papers.

A.2 List of Primary Studies

Table 2 presents the list of 219 primary studies selected after the study section stage (see Sec-
tion 2.2.1). Each study is denoted by a unique ID, followed by the title of the publication, author(s)
name, publication type, year, and publisher.
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ABSTRACT

Building on the rising interest in online crowdsourcing platforms,
and the ever-rising concerns over mental health issues worldwide;
in this paper, we propose a novel citizen-oriented web-based Col-
lective Intelligence (CI) platform called ‘CommunityCare’. The plat-
form is meant to be focused on end-users’ communities and aims
to empower its users by allowing them to work collectively when
helping those suffering from mental health issues such as depres-
sion, anxiety, and stress. Through our work, we attempt to make
two distinct contributions: first, we elucidate an abstract yet novel
CI platform for mental health, that could enable citizen volunteers
and medical practitioners to work together to help those suffering
from psychological/behavioural issues; and second, we evaluate
our previously proposed ‘generic’ CI framework by utilizing the
said platform as a use case for the same. We describe the ‘Com-
munityCare’ platform through the four primary components of CI
systems, namely: staffing, processes, goals and motivation.
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1 INTRODUCTION

The rise in mental health issues among citizens, especially over
the last few decades has been a critical challenge worldwide [5, 9].
Such issues continue to grow as a burden on our societies, and
have significant impacts on not only the social aspects of an in-
dividual’s life; but also have socioeconomic consequences world
wide [1]. Some reports even go on to suggest that 1 in 4 people
worldwide are expected to suffer from some kind of mental illness
at some point in their lives !. Beyond the psychological impact
of mental health issues, several studies suggest that these issues
can also lead to other medical conditions such as cardiovascular
disorders [21], strokes, diabetes [19], spinal problems [23] and even
complete mental collapse. In worst cases, it can also force a person
to do self-harm, or even commit suicide [13]. The situation is so
daunting that reports claim that globally approximately 264 million
people are affected by depression (and other similar mental health
ailments).

Now, given the more recent COVID-19 outbreak and the fol-
lowing global lockdown, the situation seems to have become direr.
So far so, that studies indicate that the outbreak is “leading to
additional health problems such as stress, anxiety, depressive symp-
toms, insomnia, denial, anger and fear globally” [26]. According
to the Organisation for Economic Cooperation and Development’s
(OECD) report, in Europe alone 10 million people suffer from men-
tal disorders every year [16]. Also, mental health problems such as
depression and stress, excessive drinking, suicides and social exclu-
sion are gradually becoming more severe, in quite a few countries
in the EU [15].

That said, typically as citizens, we would rely on the medical
infrastructures of our nations to help us tackle these challenges.
However, there is another less explored avenue, which we would
like to draw attention towards in this paper; that is, the World Wide
Web, and more specifically, Crowdsourcing / Collective Intelligence
(CI) platforms on the Web. Although, in essence, the concept of
ClI viz. ‘wisdom of the crowd’ has been around for centuries; CI in
Information and Communications Technology (ICT) has only been
around for the previous two decades [6, 11, 12]. And, the field has
only gained interest among researchers more recently, thanks to
the rising influence of the Social Web [24].

CI platforms, in particular, have enabled mass collaborations [20],
where a large number of individuals can come together to exchange
new information, solve problems and generate new innovative so-
lutions that benefit both the individuals as well as the society as a
whole. There are in-fact various types of CI platforms available on

'World Health Organization’s Report on Mental Disorders (2019)
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the web, however, the underlying objective of said platforms is al-
ways the same i.e., to connect individuals and to harness their collec-
tive intelligence for various purposes. On one side of the spectrum,
CI platforms like (i) ClimateCoLab utilize the collective knowledge
of individuals to solve complex effects of climate change [7], (ii) Tip-
panee uses collaborative knowledge sharing to improve the quality
of textual content on the web [18] and (iii) Wikipedia exploits the
wisdom of the crowd to build an online collaborative encyclope-
dia [12]; while on the other side of the spectrum organizations like
InnoCentive, OpenIDEO, NESTA [24] and AccelerateEstonia (aE!)
harness the collective innovation and knowledge of the crowd to
tackle wicked societal issues with the help of experts. A more recent
example of this is, InnoCentive’s initiative to tackle the COVID-19
pandemic. Under the initiative citizens (as solvers and independent
group thinkers) were asked to submit creative ideas and propose
novel solutions/services to prevent the transmission of COVID-19,
and to present new designs for ventilator systems, anti-COVID-19
infection protective films/masks, and more. Other similar examples
of utilisation of CI can be seen in Nonaka’s SECI (Socialization,
Externalization, Combination and Internalization) model [14] that
is (more recently) being utilized by organizations [10] and com-
munities [3, 17] to generate new knowledge; thereby promoting
sustainable innovation and enhancing knowledge creation within
both organizations and communities.

Drawing from the ever-rising risks of mental health issues world-
wide, in this paper we set out to detail a community-oriented, men-
tal health online CI platform called ‘CommunityCare’. The platform
aims to provide citizens with a confidential, community-based on-
line platform where citizens suffering from mental health issues
could be offered emotional and mental health support by not only
medical practitioners but also by citizen volunteers. The platform
aims to bring together citizens (with mental health issues), volun-
teers, medical practitioners, law enforcement agencies and poli-
cymakers on a common platform; while providing easy-to-access,
secure (preventing social stigma) cognitive-behavioural therapy
(CBT) psychological support to those in need. The proposed plat-
form aims to do so by,

(1) allowing citizens to share their feelings with other citizens
anonymously,

(2) by allowing citizen volunteers to help their fellow-citizen by
providing emotional care,

(3) by enabling medical organizations to provide training to vol-
unteers and extensive support to patients based on severity,

(4) by assisting law enforcement agencies in gathering informa-
tion about citizens at higher risk of doing self-harm,

(5) by empowering governing bodies in protecting the rights of
citizens and supporting other related activities.

Apart from the proposed novel CI platform, we make an addi-
tional contribution in this paper i.e., we build on our previous work
in CI [24, 25] and examine the proposed CommunityCare platform
with the help of our ‘generic’ CI framework [24]. To do so, we
describe the various components of the proposed platform through
the building blocks of the ‘generic’ CI model and therefore evaluate
the framework in the process. This is vital, as a ‘generic’ frame-
work for CI should inherently be able to describe any CI platform,
irrespective of the platforms’ domain or application [24]. Finally,
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we provide additional insights into user behaviour and limitations
of a CI-based mental health platform.

2 RELATED WORK

As mentioned in the previous section, web-based CI platforms have
gained tremendous interest in the past few years; so much so, that
quite a few online platforms oriented towards mental health issues
have been designed and deployed around the world. In this section,
we briefly discuss some such platforms. We enumerate the list of
features these platforms offer and establish the key drawbacks of
each of these systems. This is vital, as we would like to incorporate
said features into the proposed CommunityCare platform, thereby
improving its overall usefulness and novelty.

Kooth 2 is a free and completely confidential online service based
in the UK. The platform offers emotional and mental health support
to children and young people; its key features include: counselling
services, online self-help materials, news feeds, live moderated
forums, asynchronous messaging, online chats and emotion status
updates. Kooth also offers mood-tracking and goal setting tools
to assist the patients to deal with exam stress, depression, self-
harm, relationship problems and any other kind of mental stresses.
Unfortunately, the platform has two major drawbacks; first, it only
offers its services to young people aged between 11 and 25 years;
and second, it does not provide 24/7 online support.

iFightDepression 3 is a free, web-based, multilingual, self-manag-
ement tool meant for young people and adults who are suffering
from mild depression [8]. The platform offers its services in 9 dif-
ferent languages including English, German, Spanish, Catalonian,
Dutch, Hungarian, Estonian, Italian, and Bulgarian [2]. iFightDe-
pression is intended to promote self-monitoring, cognitive restruc-
turing and sleep regulation for individuals who are suffering from
moderate depression. A key unique feature of the platform is that
it provides self-test checking for symptoms of depression. Similar
to Kooth, iFightDepression also has its own set of limitations. In
particular, the platform is not meant for kids and elderly citizens,
and can only be used after the referral/recommendation of a general
physician (GP) or healthcare professional/counsellors.

The InnoWell platform # is a digital clinical tool for treatment
and self-management for young people in Australia. Shared deci-
sion making, early intervention, treatment for children with mental
health issues, and person-centred care are some key features of
the platform. The platform achieves its goal by gathering and re-
porting mental health information from and to patients and their
carers/counsellors; and hence, promotes patient satisfaction and
collaborative care. One limitation of the platform is that it does
not provide any advice on the medical conditions of an individual
and like aforementioned platforms does not extend its services to
elderly citizens.

MoodPath ° (recently renamed to MindDoc) is a mental health
tracking app for detection and treatment of depression. The key
features of the app are that it tracks and monitors depressive symp-
toms, and conveys the depressive, anxiety and stress symptoms

ZKooth homepage: https://www.kooth.com/
3iFightDepression homepage: https://ifightdepression.com/en/
“InnoWell homepage: https://www.innowell.org/

®MoodPath homepage: https://mymoodpath.com/en/
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of the patients to their care providers. For tracking and monitor-
ing within the app, patients need to follow a two-week interactive
program and their responses are utilized to provide users with per-
sonalized reports. Additionally, the app provides patients with a
synopsis of their emotional states for each day, which helps patients
track their mood changes throughout the day. Unfortunately, the
app can only be used by patients who are above the age of 12; and
does not provide any discussion forums, counselling or advice from
healthcare professionals/counsellors.

Finally, Talkspace © is an online platform that offers psychother-
apy services from licensed therapists. The platform allows its users
to exchange unlimited messages with their therapists; users can
also get couples therapies and even take part in anxiety and de-
pression tests. Based on the provided information, patients are
then linked with respective psychotherapists, who then provide
personalized treatments including medications and follow-ups. Un-
fortunately, the Talkspace services are not available 24/7 and to
access online therapy patients are required to pay for different
plans/subscriptions; for instance, the unlimited messaging therapy
costs $65/week and the couples therapy plan costs $99/week.

Although the above-mentioned platforms offer a wide variety of
features, each of them has its own drawbacks and pitfalls. A key
drawback of all of these platforms is that they are owned by private
organizations, and therefore said organizations have total control
over the users’ personal data. Also, most of the platforms have
restricted access based age, gender, region and medical conditions.
Additionally, some of these platforms only offer their services at
specific periods, are often too expensive for the general public, and
are only focused towards providing tailored/personalized services;
rather than providing general help and guidance.

Apart for the rather minor drawbacks mentioned above, there
is one other key pitfall that is an inevitable part of most mental
health related services/web-based platforms. And that is, that even
with the numerous publicly and privately owned e-health services,
platforms and apps; the number of citizens suffering from such
disorders are ever-rising. A common pattern that can be observed
in the previously mentioned OCED (and other similar) reports is
that the human resources in the medical field are unable to keep up
these rising number of citizens in need. And this is also true for the
platforms we just discussed. An unexplored avenue, that could have
potential in assisting us solve this deteriorating situation is the use
of ‘the crowd’. We are of the opinion, that given the rising societal
and scientific interest in CI in the past few years, CI could indeed
help us solve this wicked issue while also promoting sustainability.

3 COMMUNITYCARE: A USE CASE FOR THE
‘GENERIC’ CI FRAMEWORK

Building on the above-mentioned gaps and motivations, in this
section we describe the proposed CommunityCare platform. The
platform is detailed using the vocabulary of the ‘generic’ CI frame-
work [24], which describes CI platforms through twenty-four unique
attributes. The attributes are segregated into three parts: the CI
model, additional requisites, and properties that make CI systems
complex-adaptive. The CI model is further divided into four primary

©Talkspace homepage: https://www.talkspace.com/
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components: staffing, processes, goals, and motivation; and these are
again segregated into types, properties, and interactions [24].

3.1 Staffing

As proposed by Suran et al. [24], the staffing i.e., users of a CI
platform can be categorized as beneficiaries and contributors. Bene-
ficiaries are platform users who aim to gain from the knowledge
or artefacts produced by the platform, but do not contribute to the
co-creation process; whereas contributors are users who actively
participate in create-decide activities. The contributors on the CI
platform can be further classified as crowd and hierarchy. While
the members of the crowd actively contribute by creating solutions
and artefacts on the platform, the members of the hierarchy are
primarily responsible for decision making and work allocation.

Within the CommunityCare platform, the patients (i.e., citi-
zens requiring mental health assistance), their family members
and the state (i.e., governing body) are classified as beneficiaries.
Both the citizens and the state, would not participate in the co-
creation/decide activities, however, they would still seek to gain
from the platform’s innovations. Since the platform is oriented
towards citizens suffering from mental health issues and their fami-
lies, such citizens would be the primary beneficiaries of the system.
These beneficiaries would be citizens who would like to receive
psychological support and therapies from trained volunteers and
medical practitioners. Whereas, the family members/carers of said
citizens would aim to learn self-help techniques to assist them in
their day-to-day lives. Finally, the state would aim to maintain a
stable and secure mental health platform for societal welfare. For
the state, the platform would be a win-win situation anyhow; as
the platform would support the state by not just allowing citizens
to live a better lifestyle, but also help the state generate revenue
and may-be even provide a means for sustainable income for the
state’s future endeavours.

Citizen volunteers within the platform would assist psychiatrists
and medical practitioners by talking or chatting to citizens with
initial psychological symptoms. Since the volunteers would actively
contribute to the platform, they can be classified as the crowd
(contributors). Said volunteers would be primarily responsible for
assisting people suffering from early symptoms of mental disorders,
and would, therefore, help in reducing the workload of counsellors
and medical practitioners. This is key, as in many cases people
suffering from mental disorders often show early symptoms, that if
tackled instantly can prevent their condition from deteriorating.

Lastly, organizations and institutions that work in the health
sector such as Medical Health Centres, Medical Associations, Non-
Profits, and Academic Institutes would constitute the hierarchy
(contributors) on the platform. These organizations would be re-
sponsible for disseminating knowledge, training citizen volunteers,
providing psychiatric services to those in need, and creating/deciding
new policies and strategies.

Based on the "generic’ CI framework, the crowd on the platform
would be required to have following key properties: the user base
should be diverse i.e., the users should belong to different economi-
cal/sociotechnical backgrounds; the users should be allowed to act
as independent entities; and the crowd should have a critical mass
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Figure 1: Illustration of relationship between ‘staffing’ in
CommunityCare.

i.e., there should be enough users on the platform who could pro-
vide contradictory ideas, thus promoting debates and discussions.
Additionally, to promote co-creation said members of the crowd
must treat each other with trust and respect; and should socialize,
externalize, combine and internalize both old and new ideas and
experiences, as doing so could help foster new and innovative ideas.

3.2 Processes

The processes in the ‘generic’ CI framework [24], are categorized
into two unique types and two subsequent interactions. Combining
these types and interactions, the framework classifies processes
in a CI platform as collection, collaboration, individual decisions,
and group decisions. Activities where platform users participate
in individual creation tasks are referred to as collection, while
group creation tasks are referred to as collaboration. When an
individual makes a decision on their own, its referred to as an
individual decision, and when multiple users decide something
after a discussion or debate it is referred to as a group decision.

Based on these categorizations, the processes in the Community-
Care platform can be classified under the said categories. Using the
same analogy, the processes (i) by which citizen volunteers and med-
ical practitioner would provide psychological support to those in
need, and (ii) individual researchers/medical practitioners coming
up with new ideas/policies/treatment methodologies, can be classi-
fied as collection. Whereas, group activities such as (i) practitioners
providing training to volunteers, and (ii) all platform members cre-
ating and adopting new policies and future short-term/long-term
goals, can be classified as collaboration.

For decide activities, beneficiaries providing feedback can be
considered as individual decisions; while policy-making decisions
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achieved after discussions and deliberations can be considered
group decisions.

3.3 Goals

CI platform goals are categorized into two types: individual goals,
and community goals [24]. Additionally, the goals need to be well
defined, and objective. Given these categorizations, the individual
and community goals of the proposed CommunityCare platform
can be enumerated as follows. The individual goals of the platform’s
staffing would be (i) to receive/provide mental health services (psy-
chological support and Cognitive Behavioural Therapy) and (ii) to
promote knowledge exchange and training on mental health.

Whereas, the community goals would be (i) to make mental
health-related services more accessible to all citizens, by allowing
users to have access to the services 24/7 and online; (ii) to provide
a safe and stigma-free environment for citizens to get help for their
mental health issues, without worrying about issues such as data
monitoring (thereby encouraging more suffering citizens to come
forward to avail help); (iii) to bring communities closer to each other
by promoting empathy among citizens, thereby motivating citizen
volunteers to come forward to assist their fellow-citizen; (iv) to
aggregate data and knowledge on mental health issues (keeping in
mind the ethical implications), and (v) to create innovative solutions
and methodologies meant to tackle mental health issues.

3.4 Motivation

The ‘generic’ CI framework [24], categorizes user motivations into
two primary types intrinsic and extrinsic. User motivations such
as interest, passion, keenness to learn, and empathy towards a social
cause are classified as intrinsic motivators; whereas, money (tangi-
ble) and glory (intangible) are classified as extrinsic motivators.

In the proposed CommunityCare platform, citizens (and their
family members) who aim to seeks assistance would be motivated by
interest and knowledge; whereas citizen volunteers who would like
to assist those in need, would be motivated by passion, knowledge,
and social cause. The state and other members of the hierarchical
staffing would have both intrinsic and extrinsic motivations.

The intrinsic motivation for these hierarchical staffing to partici-
pate in the platform would be twofold, (i) the influx of volunteers
would help reduce the stress and workload on medical practitioners,
and their participation in the platform might motivate more people
to study, learn, and practice in health services (i.e., more students,
and more future nurses and doctors), and (ii) the institutions would
aim to gain more visibility through the platform’s communication
channels as this could potentially open up new avenues for research
fundings (which institutions are typically always in need of). While
their extrinsic motivations would be money for sustainability and
glory (i.e., reputation) for future research endeavours. Addition-
ally, the influencers (i.e., associations and non-profits) would be
motivated by their own self-interests as they would be responsible
for making sure that the rights of the practitioners participating
within the platform are taken into consideration when creating
new policies.
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Figure 2: Components of CommunityCare illustrated via. the ‘generic’ CI model.

3.5 Additional Attributes

Since the effectiveness of the CommunityCare platform depends
mainly on user-generated data/information, therefore the platform
would be required to provide mechanisms like social tagging [22, 24]
and aggregating functions [4] to aggregate the data/information
gathered from users. The platform’s services would have to be ac-
cessible to all citizens and on multiple devices (including PCs and
smartphones). The user interface of the platform would have to
be easy to use and visually rich, so much so that even a layperson
without any technical background could use the platform. Finally,
the platform would have to provide its users with access to the
aggregated knowledge, based on the users’ role; and would require
well-ordered task-and-workload allocations that would enable co-
ordination and collaboration activities in an effective manner.

4 DISCUSSION

Apart from the few key differences illustrated by the comparison
in Table 1, the CommunityCare platform aims to provide several
key features that add to the platform’s novelty as an online mental
e-health platform. First, the platform’s feature sets and architec-
ture revolve around the concept of ‘community’, and the platform’s
primary goal is to use the literal ‘power of the crowd’ to assist
those who require psychological support. This is vital as even with
the plethora of social apps on the Web, human-centred platforms
where users can share/discuss their inner thoughts and feelings (in

a safe environment) are actually declining. Building the platform
around the idea of a community should prompt users from multi-
ple facets of life to come together, and could therefore inculcate
a sense of oneness among the platform users. Second, by allow-
ing general users to participate and contribute as volunteers, the
platform aims to instil a sense of empathy among the platform’s
users. Also, with its unique volunteer training feature the platform
could potentially bring about adaptivity and self-organization, as
trained volunteers could go on to study human psychology and
mental health, and later come back to the platform as medical prac-
titioners. The platform’s adaptivity could be further escalated by its
hierarchical contributors, as novel solutions proposed by experts
(from outside the platform) could be easily adopted and utilized
within the system (based on community feedback and suggestions).
This adaptive and self-organizing behaviour of the platform could
potentially lead to the emergence in the platform’s future versions.

5 CONCLUSION

Tackling mental health issues has been a global issue for quite a
few decades now. Given the rising interest in web services and
Collective Intelligence platforms, in this paper, we set out to devise
an online, crowd-focused, Collective Intelligence platform that aims
to overcome the pitfalls of the state-of-the-art in mental e-health
systems. As an added contribution we evaluate our previously pro-
posed ‘generic’ CI framework, by describing the proposed platform
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Table 1: Comparison of CommunityCare vs. other mental health platforms (discussed in Section 2)

24/7 Free/ Access Platform ¢ Citizen

Platform User Age Group Service Paid Type Ownership MA/C Volunteers
Kooth 11-24 years Free Open for all Private v
iFightDepression — 15-24 years v Free Only after recommendation Private v

from a general physician or

healthcare professional
InnoWell 16-25 years v Free Invitation required from health- Private

care professional
MoodPath all-ages v Free Open for all Private
Talkspace 13+ years Paid Open for all** Private v
CommunityCare all-ages v Free Open for all** Public v v

fMedical Advice / Counselling
**To access services, children are required to get parental consent.

using the vocabulary of the same. We delve into the four primary
components of the CI platform (namely staffing, process, goal and
motivation), and then explain the additional requisites such a e-
health system should fulfil in order to be accepted as a CI platform.
Finally, we provide insights into how, the proposed platform could
potentially become adaptive and self-organizing over time, and
even lead to emergence given enough time.
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ABSTRACT

The large volume of information being produced in organizations
today poses new challenges to the accuracy and effectiveness of
any organizations’ decision-making processes. These challenges,
namely sensemaking and trust, can critically impact the decision-
making processes, even if the organizations are relying on business
intelligence (BI) strategies. Given the critical impact an organiza-
tions’ BI can have on its sustainability and thus its success, in this
work, we attempt to draw insights from the literature on collective
intelligence and, based on these, present a novel artifact that aims
to empower organizations’ BI by supporting the organizations’ em-
ployees in establishing trust and sense when working up with new
ideas and solutions. The proposed artifact utilizes a novel reputation
model, which calculates reputation based on an individual’s area
of expertise and reputation score, in order to assist in establishing
trust among system users, and thus helps improve decision-making
processes.
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1 INTRODUCTION

Today’s business organizations face endless instabilities and volatil-
ities, which can lead to creation of massive volumes of data; being
produced by organizations both internally and externally [!REF].
To harness the possibilities of this transformation, several organi-
zations now aspire (but often even struggle) to convert these large
volumes of existing data into a clear understandable chunks that
could be utilized in their business processes. In order to achieve
this businesses reply on Business Intelligence (BI); a strategy that
enables organizations to examine their past actions and decisions,
and thus consequently, predict the future. BI denotes a wide range
of technologies, processes and applications that assist organizations
in gathering, storing, evaluating, and granting access to data for
refining business’s processes and over-all decision-making [17, 38].
It aids organizations by continuously collecting and analyzing orga-
nizational information (including performance metrics) and assists
by making the decision-making processes more efficient.

Although Bl is a powerful tool and can be typically used in an
organization’s almost all decision-making processes (both long-
term and short-term), however, business organizations today only
use BI for day-to-day (i.e., short-term) decision-making [20] and,
presently, BI abilities are not necessarily utilized for identifying
the organizations’ long-term progression, which could indeed help
them in improving their methods when undertaking tactical deci-
sions [8]. Another problem that can arise when using BI (which
is also often discussed in literature) is sensemaking [35]; this is a
key precondition to reach an informed decision and is based on the
prior actions of humans [3]. This is to say, that given BI relies on
both machine intelligence and human intelligence, when assisting
organizations in decision-making; the humans involved in analysis
tasks can often get confused by the lack of sense in an idea or an
outcome.

Now given that by gaining a better ‘sense’ of the organization
overall, managers (and other decision makers) could better under-
stand their business’s organizational environment and hence make
healthier decisions [34]; BI applications and related strategies can
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play a critical part in sensible decision making, and even added
advantages beyond conventional decision-making. It is key to note
here that, the decisions that are made using BI should be both sensi-
ble and explainable and should cover various potential possibilities.

In BI, data/information is used to create reports, summarize past
actions, forecast actions, and to understand current and future
risks. When relying on BI, the precision of predictions (made using
BI strategies) depends on the quality of the information and its
sources [39]; if the information and it’s source are not trustable,
the entire action and its outputs can become futile (even counter-
productive). Managers and decision makers who use these outputs
typically understand on-going scenarios, and hence create produc-
tive decisions or implement their decisions keeping the scenarios
in mind [10]; however, a key factor that can influence the decision-
making process in such scenarios is ‘trust’; specially since humans
are involved in the process. Consider this for example, if managers
from distinct departments/sections of an organization are work-
ing together on creating a solution for given scenario, individuals
who have encountered similar scenarios before might be able to
contribute more to the solution, however, if the managers are not
aware of the past experiences of their colleagues, they might end
up not considering ideas of the individual that could contribute the
most. This is in line with literature, where researchers have found
that, when working together in groups humans tend to make better
decisions when there is trust among group-members [29].

That said, in this work we attempt to tackle the above men-
tioned issues of sensemaking and trust, and propose a novel plat-
form designed as discussion forum oriented towards managers,
decision-makers and other employees working in organizations.
To achieve this, we draw influence from another domain (one that
dates back to Aristotle), that is, Collective Intelligence (CI, defined
as, “groups of individuals acting collectively in ways that seem
intelligent” [21]); as the domain has recently gained traction in a
wide variety of domains [29]. So much so, that it is actively being
used by both governing bodies and organizations today; not only to
collect citizen/end-user feedback, but also in the design processes
for solving critical issues and developing new products, respectively
(for example, in Crowd4Roads and CAPSELLA [30], and openIDEO
and Threadless [29]). In general, through its fundamental concepts
of collection and collaboration, CI has allowed organizations to
make better use of the (collective) intelligence of their employees
and their users, and thus helps enhance their decision-making pro-
cesses, when gathering information from numerous sources and
creating valuable outputs using CI methods.

With this in mind, the overall aim of this study, is to discover
how BI strategies could contribute to better decision-making in
presence of sensemaking and trust. The study mainly focuses on the
organizations’ employee’s perspective and tries to identify factors
that generate trust between employees and attempts to understand
how this trust helps in sensible decision-making processes. In par-
ticular, we would like to answer to answer the following research
questions:

Q1: Can we solve the issues of trust and sensemaking in BI using
the concepts from CI?

Q2: How can we design a reputation model for such a BI system
while solving well-known challenges related to reputation in CI plat-
forms?

S. Peious et al.

The remaining paper is organized as follows, in Section 2, back-
ground and related work of BI, CI, trust and reputation systems are
described. Then, Section delves into the novel reputation model of
trust and sensemaking, and Section discusses the proposed artifact
(i.e., the CI-Forum). In Section 5 we describe the evaluation process
for the developed forum and reputation model; and finally, Sec-
tion provides a brief discussion on the findings of this work before
concluding the paper.

2 BACKGROUND AND RELATED WORK
Business organizations’ performance relies on real-time and ef-
fective organizational information. BI systems analyze this infor-
mation and identify shortcomings and problems within an organi-
zation, they provide businesses with insights and suggestions in
real-time and support decision-makers in coming up with better
conclusions; which subsequently helps organizations sustain and
improve productivity [2, 33]. By implementing innovative ideas
and new technologies in the their processes, businesses can achieve
competitive advantage and success in rapidly changing business
conditions [13, 22].

2.1 Business Intelligence

The decision-making processes change according to the informa-
tion businesses are using to make decisions within their organiza-
tions [18]. We can characterize a BI system as a framework that
collects, makes modification and generates business’s organiza-
tional information from different resources. This reduces the time
required for analyzing important business information and helps
managers to make efficient decisions that can be utilized to improve
business strategies. Bl is the process of combining different series
of actions and business information to provide a competitive ad-
vantage to business organizations by helping decision-makers [25].
It is a system and generates answers to support decision-makers
to understand the economic situations of the business organiza-
tions [23]. Conventionally, BI uses methodological models and
numerical functionalities for analysis, used for mining valuable
business information and data from basic information to help man-
agers and decision-makers [31]. These business information mining
processes and analysis procedures enhance forecasting and help
decision-makers understand the progression and problems of any
business organization [26].

2.2 Collective Intelligence and Crowdsourcing
General intelligence, as understood by psychologists is the (single)
statistical factor that predicts variance in performance, when an
individual performs some cognitive tasks (e.g., [11]); it includes an
individuals capacity for logic, understanding, learning, reasoning,
planning, creativity, critical thinking, problem-solving and many
other aspects. When a group of individuals (human or machine)
work together and use their individual intelligence, the aggregated
intelligence of the group can be understood as CL.

In Information and Communications Technologies (ICT), CI has
several definitions (for example, the most prominent ones are by
Levy [11] and Malone [21]); each defines CI as having, three com-
ponents: “individuals (with data/information/knowledge), coordi-
nation and collaboration activities (according to a predefined set
of rules), and means/platform for real-time communication (viz.,
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hardware/software)”-together these “enable intelligent behavior
in groups or crowds” [29]. That said, that advent of the Internet
has allowed for mobilization and harnessing of CI in truly novel
ways, and this has enabled creation of web-based group discussion
platforms that play a key role decision making today [28]. This
has opened the gates to a wide variety of emerging research topics,
including for example, research where scientists and academicians
are trying to understand the influence of group discussion plat-
forms on performance improvement in the quality, efficiency, and
effectiveness of decision-making when using such platforms [24].
Some researchers are also focusing on how users behave, group
members carry out activities, and knowledge that is generated on
group discussion platform by a user and their groups. There also
have been studies which focuses on collaborative IT solutions and
group discussion systems (designed as web-based platforms), and
aim to explain how BI is being used in business organizational
context [8].

Another application of CI, that is gaining tremendous interest
in research is crowdsourcing (defined as, process where a group
of people work together and carry out a task, typically involving
collection of data/information or building a solution; that was con-
ventionally done by a single individual [7]. CI (also, crowdsourcing)
involves group of people working together, but its key that the
individual members of group are diverse [29]. Some researchers
have expressed that the main aim of crowdsourcing is to distribute
the task of one person to a group of people, and by doing this the
overall workload can be divided and hence the task can be carried
out effortlessly [6]. Such crowdsourcing activities are divided into
three categories. First, directed crowdsourcing, where, a coordina-
tor asks a specific question (with relevant explanation) oriented
towards participants, and participants earn some kind of rewards
or benefits to the effort and time they contribute. The second cate-
gory is self-directed, where, participants contribute due to intrinsic
motivations. Here participants comes to a common platform and
discuss various topics according to their volition and try to come up
with decisions or actions according based on the topic at hand. The
third and final category is passive, where crowdsourcing is only
a side effect of output produced by some action. Here, participant
are not obliged to generate the output, or might not be even aware
that are participating in a crowdsourced system [36].

A first popular example of crowdsourcing that has is often dis-
cussed in literature is the Goldcorp Inc’s initiative from the year
2000, where they used crowdsourcing to identify gold mines in the
Red Lake. The participants were awarded around 0.5 million, and
Goldcorp agreed to share the information about the gold mines
if they were able to find 6 million ounces of gold, from an identi-
fied site. Geologists and engineers from various counties started
analysing the information provided by Goldcorp and the company
started to receive replies (i.e., potential sites with gold) in a short
amount of time. The results produced by participants were verified
by a panel decided by Goldcorp, and the end of the competition
the panel members were surprised by the both the creativity of the
participants and the results produced by them. Goldcorp drilled
at the best 5 locations suggested by participants, and found gold
from at each of the locations. A key finding of the competition was
that participants were able to find gold from all of these locations,
without even the locations once. The competition also illustrated
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how intelligent individuals are, and that by utilizing humans (col-
lective) intelligence combined with technology, organizations could
come up with novel and innovative solutions (which could not be
achieved conventionally) [5, 37].

2.3 Trust

Reputation and trust are considered key factors of a civilized soci-
ety [12]. In CI systems too, trust is considered a key property [14, 29].
The success rate of a CI platform can be judged by measuring the
trust and openness among the users [4, 14]. An easy method to as-
sess the trustworthiness can be to just ask the users if they trust the
source of information [32]. Dworken et al. [15] explained how trust
perceived by organizations using examples from the news indus-
try. They claimed that news coverage over the years has changed
dramatically, and this is because users have started to analyze both
the news and its source to check the reliability of the informa-
tion [15]. Trust is also a key component in decision making as
well as in collaborative working environments [12]. Trust is the
belief that the trusted person or the organization will accomplish
a particular task according to the task givers expectation [16]. B
applications provide trustable descriptions of various business situ-
ations and deliver numerous outcomes for understanding business
organizational risks; whoever, as we eluded to earlier, even with
the trustable nature of BI applications, trust and sensemaking still
remain a challenge to some extent.

2.4 Reputation Systems

Reputation systems are mathematical functions used to calculate
a user or objects trustworthiness or value as perceived by fellow
users, and is calculated based on user feedback (which can repre-
sented using up-votes, stars, like etc.). Theses user score provided
by fellow users can be used as a benchmark to identify the level
of user trustworthy, and the aggregate of votes and feedback are
considered as the reputation score. Literature indicates that theses
votes/feedback and thus reputation score can often be violated,
thus providing untruthful feedback to gain reputation (supporting
non-worthy users) or to decrease the reputation of other users [27].
Reputation systems also face numerous other challenges [1], for
instance, Sybil attacks, where attackers (or malicious users) create
multiple fake accounts to up-vote their contributions in order to
gain higher reputation score, or excessive use of self-promotion, or
users with high negative reputations tend to delete old accounts and
create new ones (this is referred to as whitewashing). A solution
to whitewashing however is that the time duration it takes for an
individual to gain reputation can be studied (as was done in [19]),
as true good reputation typically only grows gradually. Another
challenge to reputation systems is oscillation attack, where, the
attacker creates a user account and behaves fairly to achieve good
reputation, and then changes their behaviour, hence misleading no-
ble users who trusting the reputation of the attacker [9]. This these
challenges in mind, in this work, we aim to develop a novel repu-
tation model that would attempt to tackle some of the challenges
described above.

To summarize, this section presented a brief background of liter-
ature of BI, CI and reputation systems; this is critical as the review
of the literature allowed us to illustrate the purpose of the study,
the questions, limits and advantages. It also provides theoretical
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viewpoints, current views for identifying the study questions and
a review of related experimental studies concerning the respec-
tive fields. The following section explains the proposed reputation
model and how it is different from existing models and systems.

3 NOVEL REPUTATION MODEL

The study proposes a novel approach to the reputation system
which aims to avoid the problems explained in the reputation sys-
tem’s literature review. The proposed approach follows a decen-
tralized reputation system. To some extent, this model is similar to
existing distributed reputation models like the one used by ‘Stack
Overflow’. The users give feedback through positive and negative
votes (i.e., up-down votes). Whenever a user receives a vote, their
reputation score is altered dynamically according to the received
votes. In the proposed method, users would not getting the same
score every time they receive an up/down vote; instead the amount
of score that would added or reduced would depend on the reputa-
tion score of the user giving the vote. This means, if a user has a high
reputation and they they give an up-vote to another user then the
receiving user’s reputation score would increase by a higher value,
and if the user giving the up-vote does not have any reputation then
the receiving user will get the minimal increase in their reputation
score. In this approach, the overall score is not calculated while
making the vote; but rather the votes are calculated with respect
to the category tags (on the individuals profile, i.e., only the topics
the user is familiar with) and points are also calculated according
to these category tags.

In the proposed reputation model scores are calculated based
on the category tags. Whenever a user casts their vote, the system
first checks for the reputation score of that user according to the
category. If the user has a reputation score, then the system divides
that score (that will be added to the receivers reputation) using the
total number of votes that the user has received for the particular
category. If the calculated score is less than the minimum score, then
the receiving user receives the minimum score else they receive
the calculated score.

Take for example the following scenario, let us assume there are
ten users:

A1, Az, As, ..., Ajo, the minimum reputation score is 1 and we
have three categories Cp, C1, and Cy. At the starting time, Ty ev-
eryone’s reputation score is 1. If At a certain time Tj, 5 users are
making positive votes for Ag in respect to category Co, then his
or her reputation score will be 1 + (1 x 5) = 6. This score is the
overall and C(s reputation score. At time T, if Ag is casting a posi-
tive vote for A7 with respect to category Cy, then A7 will receive
1+ (6/5) = 2.2, 1 is a minimum score of Ay. 6 is reputation score
and 5 is the total number of votes for A¢ with respect to Cy. At time
T3, if Ag is casting a positive vote for Ag with respect to category C,
then Ag will get 1+1 = 2. At time Ty, if Ag is getting a positive vote
from Ag with respect to Cy, then 1+ 1 = 2 is added to both category
C; and the overall reputation score. At the time of Ty, the reputation
scores of Ag are, the overall reputation score is 8, category Cy is 6,
category Ci is 1 and Cy is 2.

When generating scores for negative votes (i.e., down votes) the
exact same strategy is used, but with subtraction is used instead of
addition.
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To summarise, in this section, a novel reputation model has been
described. The main advantage of the proposed reputation system
is, that users can identify the expertise of every user by viewing an
overall reputation score and separate score based on every category
(the individual contributes/has contributed to). Now to validate this
reputation model we have created an artifact, which we delve into
in Section 4.

4 PROPOSED CI-FORUM

To study how sensemaking and trust can influence on user be-
haviour, and to evaluate the previously proposed reputation model
here we present as discussion forum (named “CI-Forum”). The
proposed artifact allows users to post questions and reply to the
questions posted by other users. Users can the platform share knowl-
edge and help other users to solve problems. Users can up-vote or
down-vote other users comments and feedback, which in turn is
used to calculate user reputation. Users can view posts by using
filters, for example sorted based on the reputation scores of the
user who posted the question/comment; and thus should be able to
identify individuals experts (based on the best answers/comments).
The primary notion behind the artifact is that such a CI based forum
could potentially be used in line with BI strategies, and would allow
organizations to use the collective intelligence of their employees
when carrying out decision-making processes.

4.1 Coding and Implementation

The user interface for the artifact is designed using HTML, CSS
and JavaScript. To send and receive data, AJAX POST method is
used. The CI-Forum website communicates with the server and
collects information in the form of JSON objects and files. To make
the design process easier and to master coding, pages are used.
On the server side, C# is used as the main programming language,
together with a layered architecture. The application consists of
four layers, i.e., a main project layer, a business logic layer, a data
access layer, and a business object layer. The main project layer
contains the “aspx’ files. The business logic layer provides all of
the logical functionalities for the application. The layer works as a
linking layer between the data access layer and the main project
layer. The data access layer communicates with the business logic
layer and collects data from the database. The business object layer
contains objects and their values. Oracle 12C is used as the database.

4.2 System Features

The application has almost all functionality required by a question
and answer (Q and A) forum. In addition to this, the application also
shows overall and separate reputation scores for each category tag.
This view helps the users to identify the best answer concerning the
keywords and user. The main functionalities of the application are
user creation, login, creating posts, viewing posts, viewing a single
post with its answers, viewing reputation scores for every user
and a user dashboard. The list of posts can be ordered in several
ways, e.g., according to the latest posts, most viewed posts, most
commented posts, or most favourites posts. The forum also has
the feature to search posts by their titles and tags. The posts are
listed in the form of a table, and each row consists of titles, contents,
main category, and last three participant posts. Additionally,total
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number of comments to the post, the total number of viewers,
date/time when the post was create are also visible to the users.
Users can click on each participants name and view their basic
information (including the name of the participant, when they
joined the platform, overall reputation scores, reputation scores per
category and achieved badges). These attributes were chosen so as
to provide users with an overall idea of who their co-members are,
thereby assisting in establishing a sort of trustworthiness among
members of the community.

Users can click on each post, which then opens the post as a
separate page. The post page shows users the posted question, their
answers, comments, and edit-options for each post. Each post itself
contains the contributor’s name, the date when the post was created,
its description, up and down vote options, its count and on option
to mark the post as favourite. In addition to the question post, there
are also options to create answers, make edits and add comments
to the post. On the same page, users can see the basic information
about the contributor by clicking on the contributor’s name. To
create a new post, users can select the ‘Create New Post’ option
from the provided menus. Under the ‘Create New Post’ form, user
can add the title, main category, subcategory, description and also
upload relevant documents. The options to select tags is provided
in the main and subcategory fields. Under the subcategory field,
user can select multiple categories, as per their convenience.

To reiterate, a key advantage of designed artifact is that users can
view the overall and individual reputation of all their co-members.
This would helps users identify the best answers/contributions. The
application also has the option to give votes to the other users based
on the posts/contributions and behaviour. The code for the designed
artifact and the associated database files are openly available as a
repo on GitHub (https://github.com/ssijopious/CI-Forum). This is
done so that the results presented in the work, can be reproduced
and built upon by others.

5 EVALUATION

In this section we attempt to answer the questions we raised previ-
ously in this work. The first question, how to implement CI methods
in the BI platform so as to solve business organization’s decision-
making problems related to trust and sensemaking in the process
of decision making.

As we eluded to earlier, BI systems can help resolve issues and
support in the process of business organizational sensemaking and
trust, however it there is a need to create crowd-based platforms
to make ensure data quality, flexibility and risk management. And
maintaining data quality, requires that the source of the data are
given higher priority. To make sure the integrity of the source,
we can utilize the collective knowledge of humans using crowd-
sourcing methods within BI systems. To entrust a source or user,
would require time, and trustable users would need to contribute
trustworthy information while also cooperating with other users of
the system. The continuous interactions of the user would help de-
velops trust in the platform. This accuracy of trust will have a high
impact on the business organizational decision-making processes.

To solve the next question, this study proposes a new reputation
model to identify the problems of the CI reputation model and
support the BI system to make more trust and sensible decisions.
To evaluate this artifact quantitative research method is used. A
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question and answer platform are created to implement this new
reputation system (CI-Forum). A target group is selected for testing
this platform and making the evaluations. In this evaluation, we
tried to identify the target group’s general understanding and habits
of the reputation model. The target users are software engineers
and IT specialists. Most of the participants have experience in
using question and answer platform. The target group is from two
different countries. To collect the evaluation, a questionnaire is
created.

5.1 Experimental Procedure

To evaluate the designed artifact we conducted lab experiments
with multiple users. The candidates for the experiments were iden-
tified through social media (primarily Facebook), by using snow-
balling. More that 50 potential candidates were identified and given
presentation on how to use the platform. After the presentation,
the candidates (i.e., participants or users) were provided the web
address of the application (which was hosted online during the
experiments). Each participant was asked to create separate user
profiles, and were instructed to create multiple posts (questions,
answers and comments). After this, the participants were asked to
actively use the platform over the next two weeks. It is important
to note here that all participants had a background in software
development, hence they were asked to use the platform in the
daily workflows. At the end of two weeks, more than 75 questions
with multiple answers had been posted on the platform.

After this, all participants were forwarded survey questionnaires,
and were given two days to fill in the same. In total, 68 question-
naires were collected at the end of the experiment. Only 45 valid
opinions we found, and hence the remaining were 23 questionnaire
responses were rejected.

5.2 Reputation Model

To assess the reputation model, the participants we asked ques-
tions related to identification of trustable users. This included three
questions (given below), and participants were asked to score the
questions through Likert scale ranging from (1) indicating ‘Com-
pletely Disagree’ to (5) indicating ‘Completely Agree’. The results
of the participants feedback is illustrated in Table and Figure .

e Did the CI-forum help the participant to identify the trust-
worthy user?

o Did the CI-forum help to analyze user expertise?

e Did the CI-Forum provide more overview of the users?

The participants feedback illustrates that the proposed repu-
tation model helped users in identify trustful users. By showing
a separate reputation for each category, users were able to iden-
tify the area of expertise of their co-members. The platform also
helped users gain a better overview of their co-members overall.
As indicated in Table and Figure for every question, most of the
participants voted for ‘Agree’ and the average score was more than
3, so we conclude that the reputation model successfully assists
users in making sensible decisions through the use of reputation
score. The overall score of 3.6 indicates that all participants agreed
with the new reputation model approach and were ready to accept
the reputation scores. If a user had a high reputation score, then
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Figure 1: A screenshot of list of posts as viewed by end-users on the proposed CI-Forum
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Table 1: User’s assessment of the Reputation Model

Sub-factors Level of Agreements Mean

1 2 3 4 5

N 1 5 11 18 10
Trust o 9o 111 244 a0 222 37 Asee
User N 1 4 11 16 14
Expertise % 22 89 244 356 314 0 DEree
Overview N 2 4 19 19 2 33 Acr
of Users % 44 89 422 422 22 : gree
Total 4 13 41 53 26 3.6  Agree

their fellow users considered them as a trustworthy users and ac-
cepted their answers. These results also answer the second research
question raised in this work. We can create a reputation model
to solve the trust problem in BI by showing separate reputation
score for each category, as this method benefits users by helping
them identify the experts and helps users select the best inputs
according to this information. This further aids BI to maintain data
quality thereby assisting in sensible decision-making. We argue
that this approach compels users to contribute consistently and
mimics reputation as it exists in the real-world.

5.3 Usability of CI-Forum

To assess usability, the questionnaire (presented to the participants)
contained four questions all revolving around the systems user
interface and features. Answers to these provide us an overview of
user interactions and the usability and ease-of-use of the designed
CI-Forum. These questions again were supposed to be answered us-
ing a Likert scale ranging from (1) indicating ‘Completely Disagree’
to (5) indicating ‘Completely Agree’.

e CI-Forum is easy to use or not?

e Are you willing to continue using the CI-Forum?

o Is CI-Forum having a clearer and easier operating interface?

o CI-Forum will be recommended to family and friends?

5

ts' so they can be
facebook

0 e 0 16 81 Days

Go o] 118 91 Days

al 0 0 9 92 Days

Table 2: User’s feedback regarding the usability of the pro-
posed CI-Forum

Sub-factors Level of Agreements Mean

1 2 3 4 5

N 2 7 17 16 3
Easy to use % 44 156 378 356 6.7 3.2 Agree
Cor’iilrlllue Noo 71z 20 6 0
% 00 156 267 444 133 gree
to use
Easier
operatin, N0 7 15 18 6 3.6 A
PErating 45 156 333 400 133 gree
interface
e tmiynd N 16wz
miyand o 95 133 378 267 200 gree
friends
Total 3 27 61 66 24 36  Agree

As Table and Figure indicate, the users found the system’s in-
terface easy-to-use and the forum in general usable. The users’
interaction with CI-Forum were meaningful as they did not face
any issues while using the application. Most of the users stated that
they would to continue as well as recommended to their friends
and family. The mean value of every question was more than 3.
The average of the mean value was 3.5, which means that all users
were satisfied with their interactions with the CI-Forum. Most users
agreed that CI-Forum is useful for their purposes.

During the development phase of the CI-forum, additional feed-
back was gathered from industry experts, especially those working
in the field of software development and testing. These feedback
were used to enhance the systems functionalities and usability. Most
feedback gathered during this process was positive, and although
the experiments with participants was carried out at a smaller
sample size, almost all participants simulated actual real-world end-
users the CI-forum is oriented towards—as mostly confirmed by
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Figure 2: A screenshot of a single posts as viewed by end-users on the proposed CI-Forum
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tried to install it, it told me | needed Mylyn 3.0.0. So after much searching | found Mylyn 3.0.0 and added another new remote update site to my
update manager. Then when | tried to install that, it told me | needed org.eclipse.ui 3.3.0 or equivalent.
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Figure 3: Users’ evaluation of the proposed Reputation Model (left) and usability of CI-Forum (right)
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the obtained results. The results of the experiments and its follow-
ing quantitative analysis will be utilized in future to improve the
CI-Forum further. The results of the above experiments are only
limited by the number and homogeneity of the participant sam-
ple, and further user tests are required to develop more conclusive
outcomes.

6 CONCLUSION

The overall aim of this work was two main challenges that are
encountered when using BI strategies today, these are, sensemak-
ing and trust. Given the critical nature of BI strategies in solving
business organizational issues and in supporting organizational
decision-making processes; we set out to solve the issues of sense-
making and trust by drawing influences from research in CI. We
proposed a novel crowdsourcing approach to reputation models,
built around a novel discussion-forum, with focus on organizational
employees’ perspective and helps establish trust among employees
when using BI systems and strategies. By showing users separate
reputation scores for each area of expertise, users were able to
identify the experts among their fellow users. The idea, behind the
approach was that if trustable users works together, the information
and results generated by them would be by those organizations is
more trustable and sensible to the organizations, specially when
compared with non-expert/trustable employees.

The main challenges encountered in this work was that current
technologies are still not well adapted to such scenarios. The eval-
uation of both the reputation model and the CI-forum were only
carried out at a small scale, with limited number of participants.
Hence the accumulated results only present a superficial view of
the usability and usefulness of the proposed contributions. Fur-
ther changes and fine-tuning is required to enhance the developed
artifact. For now, the artifact allows users to identify users with
expertise in specific tasks, however, for the next iteration of the
forum we would like to develop it so that it can accommodate multi-
organization scenarios. Also, as part of future work, we would like
to investigate (on a larger scale) and understand the long-term ef-
fects of use of reputation scores within organizations and their BI
systems.
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