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Abstract:

The concept of General Collective Intelligence or GCI is summarized, and the potential for GCI to
exponentially increase the general problem-solving ability of the group so that it is far larger than that
of any individual in the group, and therefore the potential for GCI to exponentially increase the ability
of groups to impact collective outcomes are explored. GCI is represented as a repeating pattern,
beginning with a first order GCI, then progressing to an Nth order one, where N might be limited by
the resources available, and where each order is suggested to create the potential for an exponential
increase in general problem-solving ability. Finally, the claim that such an exponential increase in
potential for impact on any general problem makes GCI the most important innovation in human
history, and the most important innovation in the near term future, until the transition to second order
GCl, is explored.

What is General Collective Intelligence?

General Collective Intelligence or GCI has been defined as the general intelligence factor characteristic
of groups. Woolley (2010). GCI has also been defined as any software platform organizing groups into
a single collective intelligence with a group general intelligence factor having the potential to be
significantly higher than the general intelligence factor of any individual in the group, thereby having
the potential for general problem-solving ability vastly greater than that of any individual in the group
as in Williams (2019a), and Williams (2020a). From this perspective, since the only system with
human-like general problem-solving ability or greater is the human cognitive system, a GCI must
define an analogous concept of collective cognition for the group, as well as a mechanism by which
that collective cognition might not only be achieved, but might be vastly increased. Researchers at the
MIT Center for Collective Intelligence (CCI) have associated the concept of an extremely high group
general intelligence factor with that of a supermind as in Amdt (2020). Similar to the g factor (g) for
general individual intelligence, some collective intelligence researchers have attempted to extract this
general collective intelligence factor (¢ factor) for groups as an indication of a group's ability to
perform a wide range of tasks. Just as g is highly interrelated with the concept of 1Q as in Jensen
(1992), and Jensen (1998), as a measurement of collective intelligence this ¢ factor has been interpreted
as intelligence quotient for groups (Group-IQ).

The distinction between a Collective Intelligence (CI) solution and a GCI solution has been suggested
in Williams (2019a) to be that analogous to the difference between "narrow AI" and Artificial General
Intelligence or AGI as in Bundy (2017), in that CI targets a specific problem or range of problems, and
therefore constrains a group to do so. Groups not constrained to solve a specific problem by a CI
solution might have some degree of general problem solving ability and therefore might have some c
factor. But groups constrained to solving a specific problem must by definition lack general problem-
solving ability, and therefore must lack a c¢ factor. Where a CI might use the intelligence of crowds to
improve outcomes of decision-making by choosing a more optimal solution, GCI is intended to create
the capacity to improve outcomes of decision-making much further through enabling the group to
address any general problem, including the choice of which problem to solve. In other words, the ¢
factor of CI solutions is limited to the degree that such solutions lack the capacity to target any general



problem. Some specific limitations intended to be addressed by GCI solutions, that are suggested in
Williams (2019a) to be characteristic of CI solutions, include the fact that in a CI there are barriers to
participation in group decision-making. Individuals might not be able to join the group, and might not
be eligible to provide input on certain decisions or on the way decisions are made. And where
individuals are able to provide such input, the methods for evaluating suggestions are decided by the
designers of the CI and so are free to be aligned with the cognitive biases, self-interests, and other
predispositions of those designers. So that even where an individual might make a suggestion, the
process by which those suggestions are evaluated might not function to choose the optimal suggestion
in terms of functioning to achieve the outcome targeted by the CI designer, rather than the optimal
collective outcome for the group as in Williams (2019a) From this perspective, in a complete
implementation of GCI, or equivalently, in a CI initiative with a sufficiently high GCI or ¢ factor, it
would be expected that each individual must be able to suggest an improvement to any concept the
group is working on, including the design of the CI itself, and the CI must create the capacity to
consider all those suggestions in a way that converges on the optimal collective choice.

By the same reasoning, a CI initiative with a high GCI factor might be expected to have a high ability
to solve any general problem, such as the problem of forming collaboration. By contrast the lack of
sufficient GCI to define decentralized processes by which collaborations can be formed, and by which
those actors can influence the agenda of group efforts, leaves the agenda to become aligned with
centralized interests, namely those of the initiative designers, potentially excluding the input of those
the initiative is supposed to serve. This has been suggested to be a critical flaw with group decision-
making in the absence of GCI. Resulting in perverse incentives that have been suggested to prevent
global collective impact such as the sustainable development goals from being reliably achievable
without GCI as in Williams (2020b). Many CI institutes and initiatives can be criticized as lacking GCI
because they lack any public outreach mechanism by which collaborations may reliably be formed or
by which feedback might be provided. From this perspective, a key test of whether a CI initiative has
high collective intelligence (a high GCI factor) might then be the degree to which any random
individuals or initiatives are able to form a cooperation with that CI initiative. A high GCI factor (¢
factor), that is a high ability to solve any general problem, would be expected to create the potential to
find a mechanism for cooperation in all cases. The existence of general problem-solving ability and
therefore the validity of this ¢ factor might not provable without a validated model of collective
cognition to provide a concrete definition of that c-factor as distinguished from the intelligence of any
individual in the group. But if the ability to solve a sufficient number of specific problems can be
demonstrated, in a broad enough range of cases, the probability that general problem-solving ability
exists might be statistically assumed. Successfully demonstrating the capacity to form cooperation with
other individuals and initiatives in a large enough range of cases from this perspective is potentially one
demonstration of a high GCI factor, though the distinction between the problem-solving ability of an
individual in the group as opposed to the problem-solving ability characteristic of the group would
need to be made in order to confirm this. However, the failure to do so is potentially a demonstration of
a lack of GCI, though again the distinction between a lack of problem-solving ability arising from a
poor system of GCI, and a lack of problem-solving ability arising from other factors such as small
group size would need to be made in order to confirm.



One central challenge for GCI is solving the problem that groups might collectively lack the capacity to
even recognize the opportunity to make truly revolutionary impact, which GCI has been proposed to be
as in Williams (2020c). A complex concept that has revolutionary implications in every field of science
can often be simplified to the point that it can be reliably understood. But no reliable mechanism for
sharing simplifying generalizations between the scientists or other thought leaders currently exists.
Instead there are a growing number of scientific journals in each field that require a high degree of
specialization. For a theory to be acknowledged as having profoundly transformative impact that
crosses a wide range of different disciplines, experts in those disciplines will have to agree. But as the
number of such experts that needs to be convinced rises, at some point it is outside the capacity of any
individual human intelligence to communicate to all the people in all those different disciplines at a
sufficient level of specificity and expertise to be published in those journals and so to convince those
experts. In other words, when ideas are sufficiently revolutionary, groups lack the collective
intelligence to reliably recognize them as such.

Partial Literature Review Regarding General Collective Intelligence

Theories have been developed regarding the mechanisms by which General Collective Intelligence
might operate as in Krafft (2019), and methodologies by which a supermind (presumably a GCI) might
be implemented have been explored as in Amdt (2020), and in addition a number of other papers refer
to the concept of General Collective Intelligence. However, neither those theories of General Collective
Intelligence, nor that concept of a supermind define collective cognition, appear to define any specific
mechanism by which a significant increase in general problem-solving ability can be achieved. This
claim was examined through a partial review of the academic literature containing the term “general
collective intelligence” in the Google scholar website. Of the one hundred and sixty-five results
returned, the first seven of a total of fifteen pages were reviewed. In addition, some more specific
searches were used to find additional results from the remaining pages, such as “general collective
intelligence” and algorithm to find additional papers describing GCI implementations. Also, additional
searches using the search terms “general collective intelligence” and supermind, or “supermind” alone,
were used to find additional papers describing GCI with the potential for a greatly increased GCI factor
(c factor). After removing dissertations that have not been published as papers, all the entries were
found to conform to the five categories below:

Category (Number) Description

Mentions GCI Concept Mentions or provides reference to work that mentions the potential existence

(15) of a GCI factor (¢ factor) without describing a model of implementation, or
work that refutes the existence of such a factor: Woolley et al (2010),
Woodley and Bell (2010), Woolley et al (2015), Engel et al (2015), Barlow
and Dennis (2016), Credé and Howardson (2017), Kim et al (2015), Nehra et
al (2020), Gimpel et al (2018), Joseph et al (2019), Barlow and Dennis
(2017), Bernstein et al (2011), Mayo and Woolley (2019), Martin-Raugh et
al (2020), Cushman and Gershman (2019)

Mentions GCI Describes or provides reference to material describing a model for an

Implementation (12) implementation of GCI (a system of organization with general problem-



solving ability), or for a system believed to have a GCI factor (c factor) or for
the mechanism by which a GCI factor might be achieved in groups: Krafft
(2019), Reia et al (2019), Dai et al (2020), Palak and Nguyen (2017), Krafft
(2017), Toret and Calleja (2014), Kudyba et al (2020), Morano et al (2018),
Callaghan (2015), Sotiriadis (2010), Pease et al (2020), Woolley and Hashmi

(2013)
Mentions GCI with Describes or provides reference to material describing a methodology or
Greatly Increased GCI  general concept for implementing a greatly increased GCI, or explicitly
Factor (Supermind) describing a supermind (a system of organization that is suggested to give a
without Model for group greatly enhanced general problem-solving ability). A precise
Cognitive Ability to methodology for defining intelligence and for confirming the potential
Justify Claim (3) capacity of a supermind for increasing intelligence is not provided:

Callaghan (2016), Malone (2020), Malone (2018), Steinhart (2003),
Laubacher (2020), Metcalf (2019), Bringsjord (2003)

Mentions GCI with Describes or provides reference to material describing an implementation of

Greatly Increased GCI  a GCI, the problems it solves, a definition of individual or group intelligence,

(Supermind) with Model as well as a first principle analysis of the increase in general problem-solving

for Cognitive Ability to  entailed by the concept of a “supermind”, and the exact GCI functions

Justify Claim (11) required to achieve it. The main papers outlining this model are Williams
(2020a), Williams (2020b), multiple other papers by the same author
exploring implications of the model in other areas, also in 2020, were
skipped.

False Positives (7) Papers containing text strings that use the term “general collective
intelligence” in a context that does not refer to a GCI factor (c factor) such as
“in general, collective intelligence can be assumed to be ...”. Or works of
fiction. References are not provided for these papers.

As an example of the category “Mentions GCI Concept” is Woolley et al (2010) which mentions
“converging evidence of a general collective intelligence factor that explains a group's performance on
a wide variety of tasks”. Examples of the category “Mentions GCI Implementation” are Krafft (2019)
which describes the mechanism by which a general collective intelligence factor might operate, or
Palak and Nguyen (2017) which describe how prediction markets might demonstrate a general
collective intelligence factor. As examples of the category “Mentions Supermind” is Malone (2018)
which popularized the concept of a supermind in the CI community, and Steinhart (2003) which
explored the concept in the abstract as applicable to any entity, as well as Laubacher (2020) which
explored the application of the concept in the specific case of creating the capacity to implement a
supermind.

In the category “Mentions GCI or Supermind with Model for Cognitive Ability to Justify Claim” only
one model for General Collective Intelligence or GCI that proposes to define the complete set of
functionality required by a GCI has been developed as described in Williams (2020a). For this reason,
and because this model is new, the research exploring an actual model for GCI with the potential for a
vastly increased general collective intelligence factor, and exploring the implications of this model in
healthcare, design, manufacturing, and a wide variety of other areas are solely from this single author,
Andy E. Williams.

Unique Properties of the Model of General Collective Intelligence
This model is claimed to have the potential to organize groups into a single collective intelligence with

the potential for general problem-solving ability that is not only significantly greater than that of



anyone in the group, but exponentially greater. This model of GCI provides an objectively defined
model of the GCI or ¢ factor as the volume of the collective cognitive space that can be navigated per
unit time, so that an exponential increase in the ¢ factor is well-defined as in Williams (2020d). While
computers can solve problems exponentially more quickly than human beings might, there is currently
no known system with the ability to execute general problem solving ability at exponentially greater
speed and scale, in order to exponentially increase this c factor for the group. In the proposed model of
GCI this exponential increase is achieved through defining functional models of concepts, which when
combined with this model of cognition to provide an interpretation of meaning, are suggested here to
equate to semantic models. These models allow simplifying generalizations of any problems or
solutions to potentially be exchanged at orders of magnitude greater speed and scale. In this functional
model, as ability to exchange simplifying generalizations rises to a well-defined point, this increase
results in the potential for an exponential increase in general problem-solving ability for the group as in
Williams (2020d). This potential for greater problem-solving ability using these models is achieved
through a set of GCI functionality designed to remove the barriers against reliably converging on
solutions that optimize any group outcomes targeted, and removing the barriers against doing so at that
increased speed and scale.

GCl is in essence collective cognition. Any collective reasoning process the collective cognition has
learned might potentially be executed to navigate the collective conceptual space from a set of concepts
representing a collective problem, to a set of concepts representing its solution. Just as an individual
human cognition might execute any reasoning process it has learned. In this way a GCI has the
potential to incorporate any algorithm automating any process of cooperation where doing so is
projected to achieve optimal collective outcomes. That is, it has the potential to incorporate any specific
CI solution, or any functionality of any GCI solution, in order to optimize outcomes in any given
context.

GClI also incorporates both Al and AGI to create intelligent agents that represent each individual in
interacting with other individuals, so that it is possible for individuals to interact at exponentially
greater speed and scale as in Williams (2020b). In comparison to speeds at which groups might execute
processes manually, this enables a GCI to instantaneously form communities to achieve impact on
virtually any purpose as in Williams (2020b).

Defining problem-solving ability in terms of ability to impact an outcome, an exponential increase in
problem-solving ability over that of any individual also implies an exponential increase in capacity to
impact the external world, one measure of importance as in Williams (2020d). This exponential
increase in problem-solving has been suggested to be a repeating pattern with a GCI consisting of
GCI's (a second order GCI) having the potential for exponentially greater general problem solving
ability than a GCI (i.e. a first order GCI). Because of this potentially exponential increase in impact,
this transition from individual human intelligence to GCI has been suggested to be the most important
innovation in human history, and the most important innovation in the immediate future until the
transition from GCI to a second order GCI creates another exponential increase in capacity for impact
as in Williams (2020c).

In design as in Williams (2020e), manufacturing as in Williams (2020f) and Williams (2020g),
healthcare as in Williams (2020h), physics, mathematics, and a wide range of other subjects, the self-



assembly in terms of functional components by group members that is characteristic of GCI has been
suggested to have the capacity to reliably create concepts far beyond the capabilities of individuals or
any current non-GCI orchestrated groups as in Williams (2020i). The reasoning behind this claim is
that just like a target can't reliably be hit when it's too far away for the shooter to determine whether it's
one object, two objects, or a thousand separate objects, a problem that's outside of the individual or
group's ability to clearly resolve is one that cannot be reliably solved. And solutions that are too
complex to be within the group's ability to clearly resolve, are solutions outside the ability of the group
to discover. One solution to the problem of the target being outside of the shooter's ability to resolve is
to create intelligent bullets. Bullets that travel until the target is within a range at which it can be
resolved clearly, and that then decide their own target far more precisely than the shooter could
achieve. In the same way, by decomposing problems into functional components that individuals might
achieve, this model of GCI is intended to enable groups to self-assemble into solutions that might not
have been anticipated by any individual in the group as in Williams (2020e).

This model of GCI is part of a more general model of cognition that has also been used to define what
has been suggested to be the first model for Artificial General Intelligence (AGI) with the potential for
human-like general problem-solving ability as in Williams (2020j). In this model of cognition, an
exponential increase in intelligence has been suggested to be a repeating pattern of transition to higher
orders of organization. These models arise from the common approach of Human-Centric Functional
Modeling (HCFM) as in Williams (2020k). In facilitating a Functional Modeling Framework (FMF) as
in Williams (20201) defining simple functional models that attempt to represent all the functions of
cognition and of each other part of the human system, HCFM enables behaviors of these complex
systems to be reliably understood. HCFM attempts to formalize the methodology by which Eastern
existential philosophies such as yoga rely on the use of simple cognitive models to reliably gain the
capacity to navigate the cognitive system to an understanding of complex phenomena in the world
around the practitioner, where that understanding is proved to be true in that it reliably functions to
achieve a specific outcome such as well-being as in Williams (2020m).

Conclusions

The claim that any single innovation might be the most important in human history might be
impossible to come to consensus on from a subjective standpoint. However, from a functional
standpoint, defining importance in terms of impact, any innovation with the potential to drive an
exponential increase in the impact that has been historically achievable is clearly more important than
any other innovation in the past. And while an AGI might also be able to achieve such an increase in
impact, that impact could not be reliably aligned with mankind’s collective interests. On the other hand,
a GCI, as defined in this paper, is by definition aligned with collective interests. While such an AGI
might certainly be an important threat if it’s interests conflicted with mankind’s own, the term
“importance” is more commonly associated with that which creates opportunities to achieve beneficial
outcomes. If this model of GCI does in fact have the potential to exponentially increase beneficial
impact on any general problem over what is possible for any individual or group without GCI, from
this perspective it would clearly be the most important innovation in human history, as well as in the
immediate future until the transition to a second order GCI.
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