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Defining Smart Community in the Context 
of Healthcare Efficiency in the UK:
Mapping the Evolution of a Concept
Tim Woolliscroft, Sheffield Hallam University, UK

ABSTRACT

This literature review article creates a new definition for the concept of smart community and applies 
the concept to the issue of improving healthcare efficiency in the UK. The definition emerges by 
mapping the evolution of the smart community concept from the mid-1990s up to 2020. The emergent 
concept is then applied to healthcare efficiency through discussion about related concepts including 
smart cities, coproduction, social capital, social computing, and cyber physical systems. The review 
takes a qualitative approach to exploring literature about concepts, an approach that recognises and 
engages with the complex interconnectedness of terminology in the digital sphere. Smart community 
was selected because it originated in response to financial crisis. The relevance to theory is creating 
a context-specific definition of smart community. By defining smart community in the context of 
healthcare, insights have emerged that could be useful to practice as well as theory.

Keywords
Artificial Intelligence, Coproduction, Cyber Physical, Digital, Efficiency, Health, Healthcare, Internet of Things, 
Smart City, Smart Community, Social Capital, Social Computing, Symbiotic Computing

INTRODUCTION 

Over recent years, there has been a lot of interest in the potential impact of ideas contained within 
digital concepts including smart community. A utopian discourse has emerged that outline digital 
technology solutions to a host of twenty first century economic and social challenges (Tapscott and 
Williams 2008; Broy, Cengarle and Geisberger, 2012; Mesko 2013). Tapscott and Williams claim 
that mass collaboration changes how we do everything. Broy et al focus their optimism on cyber 
physical systems stating that they could be as revolutionary as the internet. Mesko’s utopian stance 
is specifically about healthcare, he describes a future where patients will soon be able to measure 
any health parameter at home, something he argues will disrupt healthcare. 

This literature review article engages with one corner of this wider discourse, the potential 
contribution of the smart community concept to improving healthcare efficiency. The paper has two 
aims. The first is to create a current definition for the concept of smart community in the context of 
healthcare efficiency. The second is to apply this definition to discourse about improving healthcare 
efficiency.

By efficiency I mean costs in relation to the quality of service provision. This definition is informed 
by healthcare research (Palmer and Torgerson, 1999). Palmer and Torgersen state that efficiency is 
concerned with the relation between resource inputs and outputs, with outputs including both quality 
of life and life expectancy. The criteria is similar to the notion of QALY (quality, adjusted, life year) 
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often used in health economics research. In terms of healthcare, I am looking at the wider system 
that includes prevention and mental health as well as treatment in hospitals. Specific technologies 
considered in this paper are artificial intelligence, monitoring devices and internet forums. The core 
focus of this article is however not on technologies but how changes related to smart community 
might be able to improve efficiency by changing the relationship between patients, other community 
members and healthcare professionals. In later sections I will explain how smart community ideas 
may change these relationships and what impact these changes might have. 

Contribution to Theory
The academic contribution of this article is to map the evolution of the concept of smart community 
and by doing so to create a contemporary definition for it in the context of healthcare efficiency. This 
is needed due the paucity of academic smart community literature applied to healthcare efficiency, 
there is no clear current definition of the smart community concept in this context. By creating a new 
definition based on the evolution of the smart community concept I have made a contribution to theory. 

My assertion that there is a paucity of smart community literature is supported by research (Xia 
& Ma, 2011; Granier &Kudo 2016; Michelucci & De Marco 2016; Grotherr et al 2020). Xia and Ma 
make this point directly when they state that further research is needed into the lifecycle of a smart 
community. Grotherr et al connect this to practice when they argue that knowledge of how to build 
smart communities is scarce. 

One of the complications of mapping the evolution of smart communities is that it is a concept 
that is intertwined with similar terms that all have inconsistent definitions. Smart city for example is 
a term often associated with smart community. Like the concept of smart community, smart city is 
nebulous and has undefined theory (Harrison & Donnelly, 2011; Chourabi et al, 2012; Goodspeed, 
2014; Tok et al, 2014; Albino et al 2015). 

Goodspeed (2014, p89) argues that:

scholarly literature on smart cities contains a confusing jumble of theory and a lack of historical 
perspective. 

Because of the interconnectedness of concepts, this review goes beyond simply looking at 
literature that uses the term smart community. For clarity, most of the discussion about connected 
terminology is given in the related concepts section, due to the porous nature of digital terms however 
it was not possible to confine all references to them in that section. As smart cities is the most directly 
connected concept it is the one that emerges most frequently. Zhang et al (2019) state that studying 
smart communities will enrich our understanding of smart city projects, their assertion implies the 
two concepts cannot be studied entirely in isolation. 

Contribution to Practice 
The second aim of this paper is addressed by connecting the smart community concept to practice. 
The concept will be connected to practice, in the related concepts section, after a new definition has 
been outlined. 

Practical value for this research stems from the emerging consensus that current models of 
healthcare are not sustainable (Horne, Khan, & Corrigan, 2013; Penny, 2014; Ham, 2014; NHS 
England, 2014; Popejoy 2016). If the current model is unsustainable then it stands to reason that 
there is value in considering if alternative approaches contain insights about what a more efficient 
future might look like. 

The smart community concept was selected as it originally emerged in the early nineties in 
Silicon Valley in response to financial crisis (Lindskog, 2004). As smart community originated as 
a response to financial crisis then it may contain insights that could be applied to addressing the 



International Journal of Intelligent Information Technologies
Volume 16 • Issue 4 • October-December 2020

3

financial crisis that UK healthcare systems are currently experiencing. The application of the smart 
community concept to improving healthcare efficiency is supported by literature that associates the 
concept with finding solutions to social problems including healthcare (Bencardino and Greco, 2014; 
Walletzký, et al, 2016).

METHODOLOGY 

To define smart community I conducted a literature review. This was split into two sections. The 
first was a literature search, specifically on articles that refer to the concept of smart community. The 
next stage expanded the search into related concepts. This second stage was needed for two reasons. 
The first, there was a paucity of articles that specifically referred to the terms smart community and 
smart communities. The second is that due to the inconsistent use of digital concepts, to gain a richer 
understanding I needed to examine articles that discussed related digital concepts. 

Initially I searched the first 100 entries that included the words smart community or smart 
communities in the following databases; Business Source Premier, Emerald, ProQuest Central, Scopus, 
Sheffield Hallam University Library Gateway, Google Scholar and Researchgate. This process was 
then repeated including the terms health and healthcare, this time up to 200 entries were included. 
However in most cases less than 200 entries emerged. For example in ProQuest a total of 144 search 
terms emerged. 

Through this process I found 75 articles with references to smart community or smart communities. 
49 of these include references to health or healthcare. Not all were however considered relevant. 
Articles that refer to smart community in a non-digital sense were rejected, as were articles that refer 
to very mechanistic definitions of smart community. For example the “Cloud based management 
and control system for smart communities” (Mital et al, 2015, p163) is excluded because it defines 
a smart community as:

a multi-hop network of smart homes that are interconnected through radio frequency. 

Whilst this may be a valid definition within the context of looking at smart technology from an 
engineering perspective, it is not healthcare related and so was excluded. 

After the refinement process had been completed, I ended up with 37 relevant smart community 
articles. Due to the low number, and the relevance of articles that use other terminology I then opened 
up my search process to include related concepts including smart cities, cyber physical systems and 
collective intelligence. 

MAPPING THE EVOLUTION OF SMART COMMUNITY

The Early Years, Before 2002
Common themes in early smart community literature include: collaboration, significant change, 
collaborative learning and internet enabled governance arrangements. 

•	 Collaboration: Collaboration was a central theme in many early smart community articles (Coe, 
Paquet, and Roy, 2001; Hughes and Spray, 2002; Wilson, 1997). In articles published before 2002, 
the focus was primarily on how people can collaborate more effectively through information 
technology. This included collaboration between the public, business and government officials 
(Wilson, 1997; Coe, Paquet, and Roy, 2001).

•	 Significant Change: Another idea that featured highly in early literature was the notion of 
significant not just incremental change (Eger 1997, Wilson 1997; Downes, 2000; Coe, Paquet, 
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and Roy, 2001). Downes proposes that smart community is about a fundamental change in the 
way that communities do business. 

•	 Learning: Coe, Paquet, and Roy, (2001) refer to several concepts related to the generation 
of knowledge through information technology enabled connectivity. These include collective 
intelligence and networked intelligence. They claim that this is omnipresent in smart communities. 
They associate collaborative intelligence with the idea of creative interactions in real-time. At 
this time, their reference to these ideas was an outlier. Reference to networked learning becomes 
more common in more recent literature after social media become mainstream. 

•	 Governance: The smart community concept is often associated with internet-enabled government. 
It is a collaborative form of governance that involves citizens, business and government officials 
acting together that is relevant to the operations of services including healthcare (Wilson 1997; 
Hughes and Spray 2001; Coe, Paquet, and Roy, 2001).

Evolving 2002 – 2010
During this time developments including social media and smartphones started to take hold and 
become part of online communication and collaboration (Goldsmith and Crawford, 2014).

•	 Collaboration: Collaboration remains a central feature in more recent literature (Milner, 2002; 
Albert and Fetzer, 2005; Komninos, 2006; Krebs and Holley, 2006).

•	 Significant Change: The idea of significant change also remains in articles during this period 
(Lindskog 2004; Eger, 2009). Eger argues that a truly smart community is one that has made 
a conscious effort to use information technology to transform life and work in “significant and 
fundamental,” rather than incremental ways. Lindskog makes a similar point when she argues 
that technological enhancements should result in fundamental rather than incremental change. 

•	 Vision of the Future: Vision is an idea that becomes central (Lindskog, 2004). Lindskog (2004, 
p3) defines a smart community as:

a community with a vision of the future that involves the application of information and communication 
technologies in a new and innovative way to make the most of the opportunities that new applications 
afford, such as better healthcare

Milner (2002) places vision at the centre of her book and argues that it may be necessary to 
outline a vision of the future to understand how to improve efficiency. 

Recent 2011 – 2018
As indicated by the number of references given in this section there has been a minor explosion 
of academic smart community literature since 2011. It may have been in part due to advances in 
information technology, for example, developments such as social media which existed previously 
became mainstream during this time (Goldsmith and Crawford, 2014).

•	 Collaboration: Collaboration remains, but it starts to involve collaboration with, as well as 
through technology (Gaochao et al 2013; Hao et al, 2014; Nahrstedt et al., 2016; Kinkar, Hennessy, 
and Ray, 2016). Collaboration connects smart community to the concepts of social computing 
and cyber physical systems. For example, Kinkar, Hennessy, and Ray (2016, p1) define smart 
communities as 
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networks of physical, social, and cyber entities

and states that members can be:

humans, physical objects, the cyber world, and even the social media world. 

Nahrstedt, p2 propose a similar definition suggesting that smart communities are:

a collection of interdependent human-cyber-physical systems

Li et al (2011) put forward a definition that emphasises the role of technology, defining smart 
community simply as a class of cyber physical systems. Xia and Ma (2011) give a wider perspective 
arguing that smart communities will evolve by bringing together social computing and cyber physical 
systems. The number of writers who make the link with cyber physical systems indicates that there 
is some, if not universal, consensus in recent literature about the inclusion of cyber devices as smart 
community members. 

•	 Citizen Engagement: Links with citizens don’t simply remain in more recent literature but 
become more prevalent (Townsend, 2013; Gurstein, 2014; Granier and Kudo, 2016). 

•	 Smart City: Although emphasis on citizen engagement had been a differentiator between 
smart city and smart community, in recent literature, as more community and citizen centric 
conceptualisations of smart city emerge the two concepts become more closely aligned (Nam 
and Pardo, 2011; Gurstein, 201; Walletzký, et al., 2016). The convergence of these two concepts 
can be partially explained by some thinking about smart cities moving away from a focus on 
technology and other hardware and starting to include softer aspects such as management and 
administration (Michelucci, Michelucci, De Marco, and De Marco, 2017). 

•	 Social Innovation: Within smart city and smart community literature, citizen engagement is 
often connected to social innovation (Townsend 2013; Bencardino and Greco, 2014; Goldsmith 
and Crawford 2014, Goodspeed 2014, Granier and Kudo 2016, Michelucci and De Marco 2017). 
Bencardino and Greco argue that smart communities are central to social innovation and to 
achieve social innovation a collection of smart people and smart governance is necessary. The 
idea of social innovation is relevant to this article, as social innovation is a process that might 
be able to help improve efficiency. 

•	 Governance: Smart community and smart city literature frequently refer to different models 
of governance enabled by information technology (Bencardino and Greco, 2014; Walletzký, 
et al, 2016; Goldsmith and Crawford, 2014). Smart city governance is sometimes described as 
a technical managerial issue and whilst smart communities are often included, they are often 
related to the social side of governance (Gurstein, 2014). 

•	 Learning: Another idea that is prevalent in recent smart community literature is the idea of 
learning enabled by online networks (Walletzký, et al., 2016; de Oca, Ambar Murillo Montes, 
Nistor, Dascalu, and Trausan-Matu, 2014; Goldsmith and Crawford, 2014). Walletzký, argues 
that smart communities can help address social and economic challenges because they can 
stimulate social learning, something they claim is a condition of efficiency. A related concept 
that frequently emerges is collective intelligence (Walletzký, et al., 2016; F. Michelucci and De 
Marco, 2016; Valetto et al., 2015; Vermesan and Friess, 2014). Network enabled learning is 
sometimes referred to as the collective intelligence of the city (Albino, Berardi, & Dangelico, 
2015; Harrison et al., 2010; F. Michelucci and De Marco, 2016). 

•	 Social Capital: Social capital frequently occurs in smart community literature (Bencardino 
and Greco, 2014; Caragliu, Del Bo, and Nijkamp, 2011; Granier and Kudo, 2016b; Gurstein, 
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2014; (Grotherr et al 2020). Whilst social capital emerged in older literature it was referred to 
more frequently in recent articles (Albert and Fetzer, 2005; Coe, Paquet, and Roy, 2001). The 
connection could be expected as social capital and smart communities both connect to networks, 
communities and relationships.

DEFINING SMART COMMUNITY

Bringing together ideas from recent literature with core ideas from earlier articles, as illustrated in 
figure 1, I define smart community as:

Human and non-human agents collaborating with the stated aim of significant change

I now clarify how the above discussion about the evolution of smart community concept 
resulted in this definition. As outlined in literature from all three time periods, collaboration, citizen 
engagement and change are themes that frequently occur in smart community literature. Ideas of 
collaboration and citizen engagement connect the concept of a smart community both to community 
development concepts such as coproduction and to more recent information technology ideas such 
as mass collaboration and Health 2.0. 

Within literature that discusses and defines the term smart community, there are two extremes. 
At one end of the spectrum is literature that focuses on technology (Gunardi, Adriansyah, and 
Anindhito, 2015; Li et al., 2011a; Xia and Ma, 2011). At the other end are definitions that emphasise 
the collaboration of people through information technology (Downes 2000; Coe, Paquet, and Roy, 
2001; Albert and Fetzer 2005;Granier and Kudo, 2016). In my definition, I have consciously brought 
together elements of both. 

The inclusion of non-human agents into my definition incorporates social computing and cyber 
physical systems. These are reflected as recent smart community literature makes frequent references 
to such terms. Non-human agents are most obviously connected to the cyber physical concept, as the 
cyber element is not human. Connecting human and non-human agents is also supported by articles 
that identify smart communities as socio-technical (Grotherr et al 2020). 

The smart community definition given by Kinkar, Hennessy, and Ray (2016), is helpful as they 
retain ideas of citizen and governmental involvement but connect these with ideas of data analytics 
given by Xia, Ma (2011). In other words, my definition includes people communicating with each 
other through information technology as well as the interactions of computational devices in internet 
enabled communications systems. From early literature, I have retained the idea of working towards 
significant change within the definition of smart community. The idea of significant change is also 
one that is retained in some recent literature (Grotherr et al 2020).

In figure 1 I illustrate what the emergent smart community definition might look like. Here we 
can see monitoring devices (including internet forums and artificial intelligence) as examples of 
non-human agents collaborating with human agents (including patients and healthcare professionals). 
The connecting of human and cyber worlds that we see here is reflective of recent definitions whilst 
retaining the notion of collaborating between people found in earlier definitions. In line with the 
dialogue above, Figure 1 is informed by the literature outlined in the “mapping the evolution of smart 
community section”. It however represents the emergent definition, not all of the ideas outlined in 
that section. 

Recent definitions of smart community contain concepts including cyber physical systems, web 
4.0 and social computing. It is possible that these were not part of initial smart community definitions 
because when the term smart community emerged in the early 1990’s the internet as it was then didn’t 
include the technical means for them. There are however many reasons why understanding concepts 
such as smart community might have real world value. One is that the application of information 
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technology systems has a long history of failure, and so understanding the interconnectivity between 
the technology and the systems and structures that it will fit into may be of crucial importance if we 
want to avoid remaking the mistakes of the past (Greenhalgh et al 2010). Another issue potentially 
of greater concern is the risk that failing to understand technology at a conceptual level opens up the 
potential of dystopian consequences (Lupton, 2014; Rich and Miah 2014). Potential risks include 
reduced privacy and social control. 

RELATED CONCEPTS 

In this section, I expand the exploration of the smart community concept beyond just articles that 
specifically refer to the smart community concept. It does so in recognition that other concepts include 
ideas that help give a more complete understanding of what smart community means and how it could 
be applied to healthcare efficiency. Within this discussion I relate smart community ideas to practice 
and to the ideas of collaboration and significant change that I argue are at the core of the concept of 
smart community in this context. In figure 2 I illustrate how the core ideas in this section fit together 
with each other and how they connect to the concept of smart community.

Figure 1. An illustration of the new smart community definition
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Coproduction and Social Capital 
As outlined earlier, social capital frequently occurs in smart community literature. Its existence is 
logical given the synergy between the two concepts. Both connect to networks, communities and 
relationships. This is not to suggest that they are in any way the same. I am simply suggesting that 
smart communities may include social capital within them as part of the fabric that holds together 
the relationships between the members of a community. 

Collaboration 
Social capital relates directly to efficiency improvement through collaboration as the ability of agents 
with smart communities to effectively work together may be dependent on the amount of social capital 
that members of a smart community can access. Bourdieu (1983, p249) defines social capital as: 

the aggregate of the actual or potential resources which are linked to possession of a durable network 
of more or less institutionalized relationships of mutual acquaintance and recognition’ 

One way that smart community might be able to improve efficiency is through enabling a more 
equal balance of power between patients and health providers. Such a shift might improve efficiency 
as it would enable the social capital of patients to be actualised through greater involvement in 
healthcare decisions. 

Figure 2. How smart community concepts fit together
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Arguments about efficiency improvements through such a change is often found in coproduction 
literature. The logic for why coproduction and social capital stems from two ideas. The first is the 
notion that patient and other community members could be harnessed as a resource to deliver health 
activity in a voluntary capacity. Tritter and McCallam support the first of these positions arguing 
that people with chronic diseases have considerable knowledge and experience of their own illness, 
expertise that can be applied to enable them to play a bigger role in managing their condition. The 
second is a shift away from a system based on the treatment of disease towards one more focused 
on maintaining good health. In some articles these two ideas are connected (Nicol and Sang, 2011; 
Chang et al, 2016). It is frequently argued that coproduction might help improve efficiency in part 
because communities contain social capital (Bovaird 2007; Dunston et al, 2009; Realpe and Wallace 
2010). Coproduction and user involvement are frequently linked to efficiency improvements (Tritter 
and McCallum, 2006; Bovaird, 2007; Needham, 2008).

Significant Change 
Consistent with the definition of smart community stated earlier coproduction and other community 
development ideas are often associated with significant rather than incremental change. In advocating 
the potential for coproduction to improve efficiency, Bovaird (2007, p847) argues that: 

By the 1980s the limitations of traditional provider centric models of the welfare state had become 
obvious. 

Bovaird advocates coproduction as an alternative that would be significantly more efficient. 
Bovaird’s idea represents a shift from a top down management position to a more collective position 
where the recipients of services share power and responsibility. In terms of efficiency however a 
more extreme idea is that of radical efficiency (Gillinson, Horne, and Baeck, 2010). Gillinson, Horne, 
and Baeck propose that more equal power relations in the delivery of public services could result in 
significant cost savings. They claim that evidence from case studies indicate cost savings of 20-60% 
as well as better outcomes. They are far from alone in suggesting that community engagement could 
result in cost savings or efficiency improvements. Dunston (2009, p40) states that:

The application of coproduction principles may be crucial for the achievement of necessary service 
improvement and system sustainability.

Researchers frequently state that coproduction is based on the sharing of information (Cahn, 
2000; Bettencourt et al, 2002; Needham and Carr 2009). Needham and Carr argue that coproduction 
is built on the assumption that service users (such as patients) and producers (such as healthcare 
professionals) both contribute different and essential knowledge. Cahn builds on this idea describing 
the relationship between health professionals and health consumers as a learning partnership.

Bovaird and Loeffler (2010) make a more direct link between coproduction and smart community 
within their discussion of the role of emerging technologies to enable the coproduction of public 
services. They directly refer to the term smart community and state that web enabled platforms make 
it easier for actors to introduce others into the conversation and that collective coproduction has 
become more practical through this technology. They describe collective coproduction as groups of 
people engaged in public services. Consistent with earlier comments about coproduction the idea of 
collective coproduction is a management shift from top down to more collective decision making 
and as such is consistent with my earlier assertion that smart community could improve efficiency 
through enabling patients to be more involved in healthcare decision making. 

I suggest that where coproduction is digitally enabled and focussed on public service delivery, 
it is very closely related to the idea of smart community. As such, I argue, that digitally enabled 
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collective coproduction is a mechanism for the application of smart community. My position is 
influenced by Bovaird and Loeffler who suggest that social network theory and complexity theory 
are drivers of collective coproduction. Bovaird and Loeffler argue that complexity theory and social 
network theory are connected by a non-linear relationship between systems and outcomes. Bovaird 
and Loeffler are not the only coproduction writers to refer to how information technology might be 
able to enable community development; Realpe and Wallace (2010, p7) state that:

mass media such as the internet have challenged the assumption that providers have sole control of 
information. 

Access to information is significant as for patients to improve decision making as part of a smart 
community, they would require access to reliable information if their involvement was likely to result 
in better decisions. 

Risks and Issues
It is important to note however that not all of the narrative about coproduction is positive. Critics 
suggest that it places too much emphasis on the individual, and that it risks blaming individuals and 
communities for the challenges that they face rather than looking at the wider system that may have 
created them (Friedli, 2013). Social capital is another concept that faces criticism. Some argue that 
it can reinforce the prestige and power of affluent social groups to the detriment of others in society. 
Another issue is that social capital can reinforce negative values and behaviours. High levels of social 
capital can for example make it more difficult for people to make positive lifestyle changes if the 
communities that they feel a strong connection to have normalised unhealthy behaviours such as poor 
diet, lack of exercise or smoking (Fukuyama, 2001; Wakefield and Poland, 2005). 

SOCIAL COMPUTING 

Collaboration 
Social computing is all about collaboration with and through the internet. It is the virtual 
interconnections of people (Xia and Ma 2011). As illustrated by figure 3 and outlined below, this 
process of interconnectivity relates to several other concepts including collective intelligence, social 
media, web 2.0 and health 2.0.

In figure 3 I illustrate how social computing connects to some of its related concepts and due to 
these connections how it could improve efficiency in the healthcare system through better decision 
making. It is based on the articles referred to in this section of this paper. Here I am suggesting that 
health 2.0 and collective intelligence are part of social computing and that social computing is part 
of smart communities. Mass collaboration, collective intelligence and collaborative intelligence are 
all forms of digital collaboration that reflect the smart community definition I outlined earlier. 

By encompassing social computing, smart community may improve healthcare efficiency by 
opening up the possibility for new patterns of interaction as virtual interactions are less confined 
by time and space than face-to-face ones. Communication technologies such as forums and social 
media enable people to interact with others in different geographies with flexibility about when 
messages are sent and received. Both patients and healthcare professionals can now engage with 
each other through internet forums. Communication through forums have led to the emergence of 
a health specific area of social computing with new terms including health 2.0 and medicine 2.0. 
Although some literature suggests subtle differences between them, both are collaborative approaches 
to engaging patients and healthcare professionals through information technology (Eysenbach, 2008; 
Hughes, Joshi, and Wareham, 2008). 
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Significant Change 
Social computing relates to the definition of smart community I outlined, as the process of social 
computing can include interactions between human and non-human agents. It is connected to three 
sub-concepts that are particularly relevant and significant to this study. These are: Health 2.0, 
collective intelligence and web 4.0. Web 4.0 is sometimes referred to as the symbiotic web is the 
space in which it is argued that human minds and machines can interact in symbiosis (Aghaei et al, 
2012; Naphade et al., 2011; Roche and Rajabifard, 2012; Choudhury, 2014). The involvement of 
the symbiotic web opens up the potential to significant change as the concept of web 4.0 is close to 
the ideas of collective and collaborative intelligence. These move beyond merely sharing ideas with 
other people towards creating knowledge with other people. As such knowledge creation is between 
human (patients and healthcare professionals) and non-human agents (computers) it would be an 
application of smart community. 

Creating knowledge has been connected to social learning, which in turn is related to creating 
conditions for efficiency (Krebs and Holley, 2006; Hughes, Joshi, and Wareham, 2008b;Tapscott and 
Williams, 2008; Eger, 2009; Wicks et al., 2010; Hall, Caton, and Weinhardt, 2013; Vermesan and 
Friess, 2014). The Covid19 pandemic sparked the application of a plethora of collective intelligence 
knowledge creation including gamification to assist with drug creation and crowdsourcing of maps 
to signpost where masks were available to buy (Peach and Berditchevskaia 2020).

Figure 3. Concepts relating to social computing



International Journal of Intelligent Information Technologies
Volume 16 • Issue 4 • October-December 2020

12

Some argue that collective intelligence can improve evidence based medicine by drawing on 
a larger knowledge base (Tapscott, Williams, and Herman, 2008). Online networks enrich and 
contextualise health information and reduce misinformation (Boulos and Wheeler, 2007; Hughes et al, 
2008; Aghaei, Nematbakhsh and Farsani, 2012). Similarly, collective intelligence might be the solution 
to concerns about health information quality. As thousands of bloggers exchange ideas daily they 
are effectively acting as filters for information-overloaded web surfers (Boulos and Wheeler, 2007).

Risks and Issues 
Mass participation is central to the ideas of social computing and collective intelligence. It is 
however one that is subject to criticism. In reality only a small proportion of users may actually be 
active producers (Van Dijck and Nieborg, 2009). There is also a risk that within mass participation 
individuals are discouraged from expressing views that differ from those that appear to be the norm. 
Le Bon (1897) poetically describes conformity as the individual being hypnotised by the crowd. Le 
Bon argued that being part of a crowd gives people the confidence to act, when doing so along with 
others. His idea is relevant as people may hold outdated views if others appear to hold the same view, 
conversely, they may be more likely to accept utopian views about the potential of new technology 
if many others appear to share them. Either way it implies a tendency for people to uncritically align 
with the majority. In the context of exploring how smart community ideas might be able to improve 
the efficiency of the healthcare systems the influence of other people is problematic for two reasons. 
The first is that people in the current system may resist change if others around them are sceptical. 
The second is that people may apply new technologies unquestioningly if others around them are 
enthusiastic about the techno utopias they appear to offer. 

Collective intelligence is not the only aspect of social computing to face challenge, critical 
digital health authors highlight risks including: loss of privacy, social control and commercialisation 
(Roszak, 1986; Postman, 1992; Rich and Miah 2014; Lupton 2014). A theme that flows through these 
criticisms are ethical dilemmas about the extent to which we are prepared to sacrifice freedom or 
privacy for the sake of potential efficiency improvements. 

CYBER PHYSICAL SYSTEMS 

Collaboration
The concept of cyber physical systems is all about collaboration between human and non-human 
actors. A cyber physical system contains two layers, the real physical layer where devices and people 
are situated and the digital layer where information is stored, communicated and analysed (Gurgen, 
Gunalp, Benazzouz, and Gallissot, 2013). It is an “intimate coupling between the cyber and physical” 
(Rajkumar, Lee, Sha, and Stankovic, 2010, p731). Cyber Physical Systems are automated systems 
that connect physical reality with computing and communication infrastructures (Jazdi, 2014).

Cyber physical systems are an example of how smart community could be applied, as human and 
non-human actors interact with each other through both the physical (such as face to face interactions 
between patients and doctors) and the information layers (where information about a patient’s wellbeing 
may exist e.g. data from fitness tracking devices).

By connecting with the information layer the ‘real-time’ data that is captured by internet of 
things (IOT) devices can be analysed and harnessed to inform decision-making. The term ‘real-time’ 
is often used as a characteristic of smart and cyber physical cities, to help describe how cyber digital 
infrastructures can inform decision making almost instantly. 

The idea of cyber physical systems connects web 4.0 and collective intelligence to the IOT. 
Internet forums can now include information uploaded by devices as well as information uploaded 
by people. An example is a lifestyle forum where participants can see the number of steps recorded 
by the devices of other participants. 
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A smart community could be enabled by connecting a cognitive computing systems such as IBM 
Watson (a non-human agent) with people in the system (patients and healthcare professionals). By 
bringing these agents together we can imagine a complex form of human computer interaction with 
multiple computing devices symbiotically thinking with people to create knowledge. Sheth & Henson 
(2013) propose a similar idea in their conceptualisation of cyber physical social computing. They 
describe a form of collective intelligence that is characterized by a form of advanced reasoning that 
bridges machine and human perceptions. IBM Watson is a form of artificial intelligence that has been 
trialled by Sloan Kettering Cancer Centre with the aim of helping oncologists make better informed 
treatment decisions (Schmidt, 2015). It is however currently limited as most of the data Watson has 
at its disposal is from clinical trials. We can imagine that if such analytics capability was also able 
to access data from IOT devices in the form of both smart home devices and fitness trackers then its 
decision making capability might be vastly increased. The potential impact of healthcare analytics 
linked to IOT monitoring is a theme that frequently emerges is digital health literature (Barnaghi 
2012; Broy 2012; Sheth and Henson 2013). 

The fusion of the computer and physical world conjures up futuristic imagery that forms the 
foundations of utopian visions. Utopian visions might contain within them the seeds of what is possible 
and how efficiency might be improved. In healthcare such visions proclaim the idea of ubiquitous 
healthcare where body area sensors monitor psychological as well as physical symptoms. These may 
then become integrated as part of the smart home monitoring system where billions of interconnected 
objects interact with each other (Tiwari 2016).

Risks and Issues
Like the related area of social computing, in the healthcare realm cyber physical systems are awash 
with risk and challenges. These range from the practical to the philosophical. Practical issues include 
balancing the need to protect patient data confidentiality, whilst sharing enough to enable effective 
data analysis (Wang et al 2018). Another issue is that sometimes the reality of what technology is 
capable does not always live up to the hype. Several articles have for examples indicated that IBM 
Watson is yet to deliver the revolutionary breakthrough in healthcare decision making that were 
initially speculated (Ross and Swetlitz 2017; Strickland 2019). At the more philosophical end is the 
question of how much privacy we are prepared to sacrifice in order to improve decision making and 
by doing so to improve efficiency. The dystopian ideas of: loss of privacy and social control are often 
highlighted as a counter narrative to techno utopian smartness. We can for example imagine a future 
where the use of an IOT fitness tracking device has become a condition of health insurance, healthcare 
provision or even employment (Roszak, 1986; Postman, 1992 ; Rich and Miah 2014; Lupton 2014). 

CONCLUSION 

I have made a contribution to theory by creating a creating a new smart community definition and 
applying it to discussion about related concepts and the issue of healthcare efficiency. Through doing 
so I have added to understanding about how actions related to the concept could be applied to practice. 

The inclusion of human as well as non-human actors to the emergent definition makes it 
conceptually different from some techno utopian visions of what future digital health might look 
like. Its collaborative nature makes it close to the concept of collective intelligence. However, in the 
new definition of smart community, agents can be engaged far beyond simply creating knowledge. 
I have argued that the community aspect of the term is related to community development concepts 
including social capital and coproduction. In this space, communities can include active citizens able 
to: provide support, help design and deliver services. 

In one sense, I believe that techno-utopian writers are correct, digital change is almost inevitably 
going to impact the future of healthcare. Through this change, as I indicated within discussion in the 
related concepts section of this paper, smart community ideas certainly have the potential to improve 
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efficiency. What is less certain however is what the future looks like. I have argued that developments 
can have negative as well as positive consequences. To avoid risks such as social control, I suggest we 
need to develop conceptual understanding of our relationship with existing and emerging technologies. 
This literature review is intended to be simply a starting point into exploring such a relationship. 

There might be value in further work in this area, including empirical research. It would for 
example be possible to create a theory based on the smart community definition that has emerged 
from this study. Creating a smart community theory could be a future research project and testing 
the emergent theory another. There might also be value in scoping out in more detail emerging 
technologies that could be applied to smart community ideas. The Covid19 pandemic opens many 
more related research areas as digital health ideas become reality, emerging research need includes 
evaluating the positive and negative impact of smart community ideas that have been implemented. 

ACKNOWLEDGMENT 

This research received no specific grant from any funding agency in the public, commercial, or not-
for-profit sectors. 



International Journal of Intelligent Information Technologies
Volume 16 • Issue 4 • October-December 2020

15

REFERENCES

Aghaei, S., Nematbakhsh, M. A., & Farsani, H. K. (2012). Evolution of the world wide web: From WEB 1.0 
TO WEB 4.0. International Journal of Web & Semantic Technology, 3(1), 1–10. doi:10.5121/ijwest.2012.3101

Albert, S. R., & Fetzer, R. C. (2005). Smart community networks: Self-directed team effectiveness in action. 
Team Performance Management, 11(5/6), 144–156. doi:10.1108/13527590510617738

Albino, V., Berardi, U., & Dangelico, R. M. (2015). Smart Cities: Definitions, Dimensions, Performance, and 
Initiatives. Journal of Urban Technology, 22(1), 3–21. doi:10.1080/10630732.2014.942092

Bettencourt, L. A., Ostrom, A. L., Brown, S. W., & Roundtree, R. I. (2002). Client coproduction in knowledge-
intensive business services. California Management Review, 44(4), 100–128. doi:10.2307/41166145

Bourdieu, P. (1983). The Forms of Capital. In Handbook of Theory. Academic Press.

Bovaird, T. (2007). Beyond engagement and participation: User and community coproduction of public services. 
Public Administration Review, 67(5), 846–860. doi:10.1111/j.1540-6210.2007.00773.x

Bovaird, T., & Loeffler, E. (2010). User and community coproduction of public services and public policies 
through collective decision-making: The role of emerging technologies. FutureGov Asia Pacific : Transforming 
Government + Education + Healthcare.

Broy, M., Cengarle, M. V., & Geisberger, E. (2012). Cyber-physical systems: imminent challenges. In Monterey 
workshop (pp. 1–28). Springer.

Cahn, E. S. (2000). No more throw-away people: The coproduction imperative. Edgar Cahn.

Chang, C. K., Chiari, L., Cao, Y., Jin, H., Mokhtari, M., Aloulou, H., & Chang, C. K. (2016). Inclusive Smart 
Cities and Digital Health. Inclusive Smart Cities and Digital Health, 9677. Advance online publication. 
doi:10.1007/978-3-319-39601-9

Chourabi, H., Nam, T., Walker, S., Gil-Garcia, J. R., Mellouli, S., Nahon, K., … Scholl, H. J. (2012). Understanding 
smart cities: An integrative framework. Proceedings of the Annual Hawaii International Conference on System 
Sciences, 2289–2297. doi:10.1109/HICSS.2012.615

Coe, A., Paquet, G., & Roy, J. (2001). E-governance and smart communities: A social learning challenge. Social 
Science Computer Review, 19(1), 80–93. doi:10.1177/089443930101900107

Cosgrave, E., Arbuthnot, K., & Tryfonas, T. (2013). Living labs, innovation districts and information marketplaces: 
A systems approach for smart cities. Procedia Computer Science, 16, 668–677. doi:10.1016/j.procs.2013.01.070

Downes, S. (2000). S2000 - What is a Smart Community? Academic Press.

Dunston, R., Lee, A., Boud, D., Brodie, P., & Chiarella, M. (2009). Coproduction and health system reform - 
From re-imagining to re-making. Australian Journal of Public Administration, 68(1), 39–52. doi:10.1111/j.1467-
8500.2008.00608.x

Eger, J. M. (2009). Smart growth, smart cities, and the crisis at the pump a worldwide phenomenon. I-WAYS-The 
Journal of E-Government Policy and Regulation, 32(1), 47–53. doi:10.3233/IWA-2009-0164

Eysenbach, G. (2008). Medicine 2.0: Social networking, collaboration, participation, apomediation, and openness. 
Journal of Medical Internet Research, 10(3), e22. doi:10.2196/jmir.1030 PMID:18725354

Fukuyama, F. (2001). Social capital, civil society and development. Third World Quarterly, 22(1), 7–20. 
doi:10.1080/713701144

Gillinson, S., Horne, M., & Baeck, P. (2010). Radical Efficiency, Different, better, lower cost public services. 
Academic Press.

Goldsmith, S., & Crawford, S. (2014). Responsive City, The : Engaging Communities Through Data-Smart 
Governance. Jossey-Bass.

Granier, B., & Kudo, H. (2016). How are citizens involved in smart cities? Analysing citizen participation in 
Japanese “smart Communities.” Information Polity, 21(1), 61–76. doi:10.3233/IP-150367

http://dx.doi.org/10.5121/ijwest.2012.3101
http://dx.doi.org/10.1108/13527590510617738
http://dx.doi.org/10.1080/10630732.2014.942092
http://dx.doi.org/10.2307/41166145
http://dx.doi.org/10.1111/j.1540-6210.2007.00773.x
http://dx.doi.org/10.1007/978-3-319-39601-9
http://dx.doi.org/10.1109/HICSS.2012.615
http://dx.doi.org/10.1177/089443930101900107
http://dx.doi.org/10.1016/j.procs.2013.01.070
http://dx.doi.org/10.1111/j.1467-8500.2008.00608.x
http://dx.doi.org/10.1111/j.1467-8500.2008.00608.x
http://dx.doi.org/10.3233/IWA-2009-0164
http://dx.doi.org/10.2196/jmir.1030
http://www.ncbi.nlm.nih.gov/pubmed/18725354
http://dx.doi.org/10.1080/713701144
http://dx.doi.org/10.3233/IP-150367


International Journal of Intelligent Information Technologies
Volume 16 • Issue 4 • October-December 2020

16

Grotherr, C., Vogel, P., & Semmann, M. (2020). Multilevel Design for Smart Communities–The Case of Building 
a Local Online Neighbourhood Social Community. Hawaii International Conference on System Sciences. 
doi:10.24251/HICSS.2020.281

Gurgen, L., Gunalp, O., Benazzouz, Y., & Gallissot, M. (2013). Self-aware cyber-physical systems and applications 
in smart buildings and cities. In Proceedings of the Conference on Design, Automation and Test in Europe (pp. 
1149–1154). EDA Consortium. doi:10.7873/DATE.2013.240

Gurstein, M. (2014). Smart cities vs. smart communities: Empowering citizens not market economics. The 
Journal of Community Informatics, 10(3).

Hall, M., Caton, S., & Weinhardt, C. (2013). Well-being’s predictive value a gamified approach to managing 
smart communities. Lecture Notes in Computer Science. doi:10.1007/978-3-642-39371-6-2

Ham, C. (2014). Reforming the NHS from within. Academic Press.

Harrison, C., & Donnelly, I. (2011). A theory of smart cities. Proceedings of the 55th Annual Meeting, 1–15. 
Retrieved from http://journals.isss.org/index.php/proceedings55th/article/view/1703

Horne, M., Khan, H., & Corrigan, P. (2013). People powered health : For People, by People With people. 
Academic Press.

Hughes, B., Joshi, I., & Wareham, J. (2008b). Health 2.0 and Medicine 2.0: Tensions and controversies in the 
field. Journal of Medical Internet Research, 10(3), e23. doi:10.2196/jmir.1056 PMID:18682374

Jazdi, N. (2014). Cyber physical systems in the context of Industry 4.0. In Automation, Quality and Testing, 
Robotics, 2014 IEEE International Conference on (pp. 1–4). IEEE.

Kamel Boulos, M. N., & Wheeler, S. (2007). The emerging Web 2.0 social software: An enabling suite of 
sociable technologies in health and health care education. Health Information and Libraries Journal, 24(1), 
2–23. doi:10.1111/j.1471-1842.2007.00701.x PMID:17331140

Kinkar, S., Hennessy, M., & Ray, S. (2016). An Ontology and Integration Framework for Smart Communities. 
Journal of Computing and Information Science in Engineering, 16(1), 11003. doi:10.1115/1.4032218

Komninos, N. (2006). The architecture of intelligent cities. In Conference Proceedings Intelligent Environments 
(Vol. 6, pp. 5–6). IET.

Krebs, V., & Holley, J. (2006). Building smart communities through network weaving. Appalachian Center for 
Economic Networks. Retrieved from Www.Acenetworks.Org

Le Bon, G. (1897). The crowd: A study of the popular mind. Fischer.

Lee, J., Kao, H.-A., & Yang, S. (2014). Service innovation and smart analytics for industry 4.0 and big data 
environment. Procedia CIRP, 16, 3–8. doi:10.1016/j.procir.2014.02.001

Leimeister, J. M. (2010). Collective intelligence. Business & Information Systems Engineering, 2(4), 245–248. 
doi:10.1007/s12599-010-0114-8

Lindskog, H. (2004). Smart communities initiatives. Proceedings of the 3rd ISOneWorld Conference, 16.

Loder, J. (2013). Data and the patient. Academic Press.

Lupton, D. (2014). Health promotion in the digital era: A critical commentary. Health Promotion International, 
30(1), 174–183. doi:10.1093/heapro/dau091 PMID:25320120

Michelucci, F. V., Michelucci, F. V., De Marco, A., & De Marco, A. (2017). Smart communities inside local 
governments: A pie in the sky? International Journal of Public Sector Management, 30(1), 2–14. doi:10.1108/
IJPSM-03-2016-0059

Milner, E. (2002). Delivering the Vision: Public services for the information society and the knowledge economy. 
Routledge. doi:10.4324/9780203470664

Mital, M., Pani, A. K., Damodaran, S., & Ramesh, R. (2015). Cloud based management and control system for smart 
communities: A practical case study. Computers in Industry, 74, 162–172. doi:10.1016/j.compind.2015.06.009

http://dx.doi.org/10.24251/HICSS.2020.281
http://dx.doi.org/10.7873/DATE.2013.240
http://dx.doi.org/10.1007/978-3-642-39371-6-2
http://journals.isss.org/index.php/proceedings55th/article/view/1703
http://dx.doi.org/10.2196/jmir.1056
http://www.ncbi.nlm.nih.gov/pubmed/18682374
http://dx.doi.org/10.1111/j.1471-1842.2007.00701.x
http://www.ncbi.nlm.nih.gov/pubmed/17331140
http://dx.doi.org/10.1115/1.4032218
http://Www.Acenetworks.Org
http://dx.doi.org/10.1016/j.procir.2014.02.001
http://dx.doi.org/10.1007/s12599-010-0114-8
http://dx.doi.org/10.1093/heapro/dau091
http://www.ncbi.nlm.nih.gov/pubmed/25320120
http://dx.doi.org/10.1108/IJPSM-03-2016-0059
http://dx.doi.org/10.1108/IJPSM-03-2016-0059
http://dx.doi.org/10.4324/9780203470664
http://dx.doi.org/10.1016/j.compind.2015.06.009


International Journal of Intelligent Information Technologies
Volume 16 • Issue 4 • October-December 2020

17

Nahrstedt, K., Lopresti, D., Zorn, B., Drobnis, A. W., Mynatt, B., Patel, S., & Wright, H. V. (2016). Smart 
Communities Internet of Things. ArXiv Preprint ArXiv:1604.02028

Nam, T., & Pardo, T. A. (2011). Conceptualizing smart city with dimensions of technology, people, and 
institutions. In Proceedings of the 12th Annual International Digital Government Research Conference: Digital 
Government Innovation in Challenging Times (pp. 282–291). ACM. doi:10.1145/2037556.2037602

Naphade, M., Banavar, G., Harrison, C., Paraszczak, J., & Morris, R. (2011). Smarter cities and their innovation 
challenges. Computer, 44(6), 32–39. doi:10.1109/MC.2011.187

Needham, C. (2008). Realising the potential of coproduction: Negotiating improvements in public services. 
Social Policy and Society, 7(2), 221–231. doi:10.1017/S1474746407004174

Needham, C., & Carr, S. (2009). SCIE Research briefing 31: Coproduction: an emerging evidence base for 
adult social care transformation. Academic Press.

Nicol, E., & Sang, B. (2011). A co-productive health leadership model to support the liberation of the NHS. 
Journal of the Royal Society of Medicine, 104(2), 64–68. doi:10.1258/jrsm.2010.100339 PMID:21282796

Parameswaran, M., & Whinston, A. B. (2007). Social Computing: An Overview. Communications of the 
Association for Information Systems, 19. Advance online publication. doi:10.17705/1cais.01937

Peach & Berditchevskaia. (2020). Mobilising collective intelligence to tackle the COVID-19 threat. Nesta. https://
www.nesta.org.uk/blog/mobilising-collective-intelligence-tackle-coronavirus-threat/

Penny, A. C. J. (2014). The wrong medicine. Retrieved from https://b.3cdn.net/nefoundation/295a135f8d0586
4461_87m6iyt2s.pdf

Postman, N. (2011). Technopoly: The surrender of culture to technology. Vintage.

Rajkumar, R. R., Lee, I., Sha, L., & Stankovic, J. (2010). Cyber-physical systems: the next computing revolution. 
In Proceedings of the 47th design automation conference (pp. 731–736). ACM.

Rich, E., & Miah, A. (2014). Understanding digital health as public pedagogy: A critical framework. Societies 
(Basel, Switzerland), 4(2), 296–315. doi:10.3390/soc4020296

Roche, S., & Rajabifard, A. (2012). Sensing places’ life to make city smarter. In Proceedings of the ACM SIGKDD 
International Workshop on Urban Computing (pp. 41–46). ACM. doi:10.1145/2346496.2346503

Ross, C., & Swetlitz, I. (2017). IBM pitched its Watson supercomputer as a revolution in cancer care. It’s 
nowhere close. Stat.

Roszak, T. (1986). The Cult of information: the folklore of computers and the true art of thinking. Academic Press.

Sheth, A., Anantharam, P., & Henson, C. (2013). Physical-cyber-social computing: An early 21st century 
approach. IEEE Intelligent Systems, 28(1), 78–82. doi:10.1109/MIS.2013.20

Strickland, E. (2019). IBM Watson, heal thyself: How IBM overpromised and under delivered on AI health care. 
IEEE Spectrum, 56(4), 24–31. doi:10.1109/MSPEC.2019.8678513

Surowiecki, J. (2005). The wisdom of crowds. Anchor.

Tapscott, D., & Williams, A. D. (2008). Wikinomics: How mass collaboration changes everything. Penguin.

Tapscott, D., & Williams, A. D. (2010). MacroWikinomics Rebooting Business and the World. Atlantic Books Ltd.

Tapscott, D., Williams, A. D., & Herman, D. (2008). Government 2.0: Transforming government and governance 
for the twenty-first century. New Paradigm, 1.

Tiwari, V. (2016). Study of Internet of Things (IoT): A Vision, Architectural Elements, and Future Directions. 
International Journal of Advanced Research in Computer Science, 7(7).

Townsend, A. M. (2013). Smart cities: Big data, civic hackers, and the quest for a new utopia. WW Norton & 
Company.

Tritter, J. Q., & McCallum, A. (2006). The snakes and ladders of user involvement: Moving beyond Arnstein. 
Health Policy (Amsterdam), 76(2), 156–168. doi:10.1016/j.healthpol.2005.05.008 PMID:16006004

http://dx.doi.org/10.1145/2037556.2037602
http://dx.doi.org/10.1109/MC.2011.187
http://dx.doi.org/10.1017/S1474746407004174
http://dx.doi.org/10.1258/jrsm.2010.100339
http://www.ncbi.nlm.nih.gov/pubmed/21282796
http://dx.doi.org/10.17705/1cais.01937
https://www.nesta.org.uk/blog/mobilising-collective-intelligence-tackle-coronavirus-threat/
https://www.nesta.org.uk/blog/mobilising-collective-intelligence-tackle-coronavirus-threat/
https://b.3cdn.net/nefoundation/295a135f8d05864461_87m6iyt2s.pdf
https://b.3cdn.net/nefoundation/295a135f8d05864461_87m6iyt2s.pdf
http://dx.doi.org/10.3390/soc4020296
http://dx.doi.org/10.1145/2346496.2346503
http://dx.doi.org/10.1109/MIS.2013.20
http://dx.doi.org/10.1109/MSPEC.2019.8678513
http://dx.doi.org/10.1016/j.healthpol.2005.05.008
http://www.ncbi.nlm.nih.gov/pubmed/16006004


International Journal of Intelligent Information Technologies
Volume 16 • Issue 4 • October-December 2020

18

Tim Woolliscroft’s understanding and awareness of healthcare is informed by his personal and professional 
background. In 2001 he was diagnosed with cancer, and so has lived experience of navigating the system of cancer 
services. Professionally, he managed a community health charity and served on four different health committees. 
Awareness of several of the concepts explored in this article including coproduction are informed by his experience 
of working in community health.

Valetto, G., Bucchiarone, A., Geihs, K., Buscher, M., Petersen, K., Nowak, A., … Bernardeschi, P. (2015). 
All together Now: Collective intelligence for computer-supported collective action. Proceedings - 2015 IEEE 
9th International Conference on Self-Adaptive and Self-Organizing Systems Workshops, SASOW 2015, 13–18. 
doi:10.1109/SASOW.2015.7

Van Dijck, J., & Nieborg, D. (2009). Wikinomics and its discontents: A critical analysis of Web 2.0 business 
manifestos. New Media & Society, 11(5), 855–874. doi:10.1177/1461444809105356

Vermesan, O., & Friess, P. (2014). Internet of things-from research and innovation to market deployment. River 
Publishers Aalborg.

Wakefield, S. E. L., & Poland, B. (2005). Family, friend or foe? Critical reflections on the relevance and role of 
social capital in health promotion and community development. Social Science & Medicine, 60(12), 2819–2832. 
doi:10.1016/j.socscimed.2004.11.012 PMID:15820589

Wicks, P., Massagli, M., Frost, J., Brownstein, C., Okun, S., Vaughan, T., Bradley, R., & Heywood, J. (2010). 
Sharing health data for better outcomes on PatientsLikeMe. Journal of Medical Internet Research, 12(2), e19. 
doi:10.2196/jmir.1549 PMID:20542858

Xu, G., Ding, Y., Zhao, J., Hu, L., & Fu, X. (2013). Research on the internet of things (IoT). Sensors & 
Transducers, 160(12), 463.

Zhang, N., Zhao, X., & He, X. (2019). Understanding the relationships between information architectures 
and business models: An empirical study on the success configurations of smart communities. Government 
Information Quarterly.

http://dx.doi.org/10.1109/SASOW.2015.7
http://dx.doi.org/10.1177/1461444809105356
http://dx.doi.org/10.1016/j.socscimed.2004.11.012
http://www.ncbi.nlm.nih.gov/pubmed/15820589
http://dx.doi.org/10.2196/jmir.1549
http://www.ncbi.nlm.nih.gov/pubmed/20542858

