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1. INTRODUCTION

Though each might not be explicitly named, many models of collective intelligence (CI) currently exist. In terms of
decision-making mechanisms, these models have been classified as either optimizing the selection of the decision-
maker (whether a human or an algorithm), or optimizing the selection of the decision [9]. Each of these approaches
has been proposed to be prevalent in certain domains, with selection of the decision-maker being said to predominate
in the structured problems often the focus of computer science approaches to CI, and with selection of the optimal
decision said to predominate in the unstructured problems often the focus of social science approaches to CI [9]. But
all  of the models reviewed share in common the shortcoming of lacking a general  model for the intelligence of
collectives  that  leverages  our  current  understanding  of  the  only  system of  cognition  for  which  intelligence  can
currently be measured, that is, which incorporates a holistic model of intelligence within human consciousness. A
model of human consciousness [1] has recently been defined that is proposed to be the most substantially complete
functional model of consciousness to date, and that purports to address the “hard problem” of how conscious self-
awareness arises. This model is proposed to be replicable to a system of artificial cognition (an artificial intelligence),
or to a platform organizing individuals into a single CI with vastly greater general problem solving ability [2]. This
paper describes the capabilities suggested to make this model of CI unique from other approaches, as well as the
implications of these differences.  In particular this paper explores the capacity of the model for general  problem
solving ability (general collective intelligence) that can be reapplied across any domain. That is, a “change engine”
with the capacity to drive societal impact at transformative scale, where proposed to be impossible otherwise.

1.1 Background

A human being consists of some 100 trillion cells. All human functions, including the ability to move, the ability to
feel emotions, intelligence, and conscious self-awareness, can be modeled as the sum of N collaborative processes
involving M cells. Furthermore humans are a composition of modified copies of a single initial cell, where each cell is
proposed to execute at most some subset of the same bounded set of functions. Because of this we would expect that
the potentially unbounded number of processes through which the human body, emotions, mind, and consciousness
achieves a potentially unbounded set of functions, might be decomposed into a manageable set of functions that act as
basic building blocks. This functional modeling approach borrowed from systems and software engineering doesn't
require any knowledge of how the human organism implements any of these functions. That is, in technology terms it
requires  no  knowledge  of  how the  human  software  has  been  coded  or  the  human  hardware  has  been  built  to
implement these functions. And because it is implementation independent, such a model of human consciousness
might be replicable to a system of artificial cognition such as an AI, or to a platform that organizes individual human
beings into a first or even an Nth order CI.

Beginning from the top down with what is easiest  to observe, at the highest level this approach decomposes the
potentially unlimited human functionality into a closed set of systems having bounded functionality. Following one
existential  tradition, the functional  systems defined in this model are the body, the emotions,  the mind, and the
consciousness. These functional systems are decomposed into a set of functional units that collaborate to provide the
system functionality. The functional units are decomposed into N collaborative processes involving M nodes, where
in the case of individual human consciousness these nodes are cells, and in the case of a collective consciousness
these nodes are individual human beings. The proposed model defines the functional systems as well as the equations
which govern them, and in addition defines the functional units and provides references to applications in other fields
that have implemented those functional units.



Collective Intelligence 2019

1



2    A. E. Williams

1.2 The Change Engine Model of Collective Intelligence:

CI from the point of view of this model is a system of decision-making that maximizes the collective well-being of
the group per unit of resources expended. In psychology, intelligence is defined as general problem solving ability.
Alignment with the well-being of the individual distinguishes the intelligence of one entity from that of another. By
analogy, CI is problem solving ability aligned with achieving collective well-being, as opposed to the intelligence of
individual members of the group, which is problem solving ability aligned with their individual well-being.

Every CI functions to select something. In terms of capabilities the change engine is unique from other models of CI 
in that rather than being restricted to a given problem, it has the capacity to dynamically choose all aspects of its 
function, including the problem for which solutions are being selected.

In terms of properties the change engine [2] is unique from other models of CI for three main reasons:
• Defines objective principles [7] that must be applied to the design and use of physical products, software, 

processes, or anything else, to decouple solutions into discrete units of functionality which facilitate the 
use of algorithms to maximize collective outcomes. 

• Provides a universal framework for defining a metric of "performance" in achieving collective outcomes 
(fitness function by which choices can be differentiated within a given problem domain [3]).

• Defines a functional model of living systems in terms of a hierarchy of life processes [4] (evolution, 
learning, reasoning, etc.) through which the capacity of any entity to impact the collective well-being can 
be continually improved. And through automation can be improved at vastly greater speed and scale.

Part of this approach to CI is creating functional models of problems, and of solutions, so the CI can find the best. 
And part of this approach is using automation to do so at massively greater speed and scale. Conceptually, a solution 
accomplishes a sequence of actions, each of which executes a function impacting the outcome. The overall outcome is
composed of all these outcomes, and defines the final position in the “state space” of the overall system. From this 
point of view a solution implements a process consisting of a series of such activities that follows a path through this 
state space.

Figure 1: A Solution is a Path Through 
"State Space"

Figure 2: Processes in Sequence

By enumerating all compositions of all solutions and comparing the projected outcome of each using the fitness 
function of the CI, algorithms can be used to redesign solution processes to follow a more optimal path, where this 
optimal path minimizes cost of execution while maximizing value of the outcome achieved.

Figure 3: Optimizing Processes Figure 4: Execution in Parallel

The rate of achieving outcomes can be increased by executing functions in parallel. Functions can execute in parallel 
when the execution of one instance can be decoupled from that of another.
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Figure 5: Execution in Series Figure 6: Cooperate to Increase Resources

Outcomes can be transformed to more optimal ones or their magnitude increased by executing additional functions in 
series. Functions can be executed in series when one function acts on the output of another, so that execution of 
functions can be coupled together. And the resources available for execution of functions can be increased by 
searching for all other processes where the same function is used, and by creating value through cooperating to save 
costs in creating and using these services.

Figure 7: Distribution of Information and 
Functions Across Group

Figure 8: Problem Solving is Enhanced by 
Ability to Navigate Information and 
Processes of Group

In solving problems, each individual in the collective is a piece of the jigsaw puzzle that may have some functionality 
or information others don’t have. There are also limits to the volume of information or processes an individual can 
navigate. Having a single fitness function,  this CI can navigate all the information and functions possessed by any 
individual, across all domains of expertise of the group, rather than being limited to the domains of expertise of a few 
decision-makers. And having a single fitness function to assess the benefits of cooperation, CI can harness the 
resources of the group, rather than being limited to the resources controlled by that limited sub-set of decision-
makers. For these reasons, considering solutions to be a path through state space, a far greater range of solutions 
(number of paths) is possible with a model of CI having a single framework for defining fitness functions so that 
navigation from problem to solution isn’t restricted to a particular problem domain.

Figure 9: Problem Solving is Enhanced by 
Ability to Navigate Domains of Expertise 
and Resources of Group

Figure 10: The Solutions Available to the 
Collective may be Far Greater
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In this model, intuitive or rational reasoning concepts are locations within a conceptual field within a conceptual 
space, and truths within our awareness are locations within an existential space. These terms arise from the semantic 
modeling of processes and information. Here “field” here is used to denote a distribution of elements that interact 
strongly at close proximity where “closeness” is defined in a way that’s characteristic of the field. The term "space" 
here is used to denote a volume which may be devoid of any entities, and across which entities may interact at great 
distances.

By creating a single framework for defining such fitness functions, this approach to CI in effect creates a single 
collective model of this existence. All individuals within the collective cooperate to build that model, and cooperate 
according to that model, to gain vastly greater collective problem solving ability, and ability to maximize collective 
well-being. Other models of CI essentially either exclude other models of this existence by centralizing all decisions 
so they are made by that few. Or they limit the decision-making process in some other way. Any such limitations to 
decision-making break the ability of the decision-making process to maximize collective outcomes across all 
possibilities.

Most importantly, without CI the individual-centric fitness functions used ensure outcomes are aligned with 
individual interests, and the resources to be gained from competition ensures that individuals who prioritize the 
collective well-being, rather than competing to further their own interests, gradually lose access to resources and 
therefore gradually lose decision-making power. With this model of CI, outcomes are aligned with collective 
interests. Because the value of cooperating to achieve those collective interests can be scaled by scaling cooperation, 
and because the value can be used to provide powerful competitive advantage for the group, individuals are 
incentivized to cooperate to further collective interests, and individuals who do so increase their decision-making 
power.

If an action can be reliably executed by a member of the group, then any composite action that can be achieved 
through a sequence of such actions can be reliably executed. And any sequence that can reliably be combined with 
sufficiently powerful incentives for their execution to be incentivized, is a reliably achievable outcome.

In this way, this model of CI removes the restriction of problem solving to a specific problem domain, introduces the 
capacity for impact at much greater scope and scale, and makes that impact reliably achievable. This model has been 
has been used to define a 10 phase program targeting the Sustainable Development Goals. Case studies project this 
program is projected to have the capacity to significantly multiply the probability and magnitude of impact, as well as 
to make impact sustainably self-funding once launched, and in doing so to have the capacity to close the $23 trillion 
USD gap between the funding the United Nations says is required to achieved the SDGs, and the funding that’s 
available to do so [5], [6].
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