Motivation System Analysis

Milestone 1 | Neurotech Controls for Motivational Framework (DFR5)

Milestone 1 description, verbatim from accepted project proposal:
1. Motivational system analysis

a. Description: Existing work to date on the motivational framework will be
reviewed and analyzed for existing “levers” for neurotech control.
Neurocognitive/psychological theories will be examined to collect a list of
potential functions that can be brain-controlled.

b. Deliverables: A list of potential functions/features of the existing motivational
framework (work already undertaken by the main proposer) that can be
brain-controlled, with a brief explanation of why each function may be relevant.
Additional motivational functions/features not yet explored may be listed if
relevant.

c. Success Criteria: Motivational features have been narrowed down and identified
for further work.

Motivational System Analysis Report

Overview

This report examines the motivational framework referenced in the project documentation,
with the aim of identifying specific functions—or "levers"—that can be modulated through
brain-computer interface (BCI) technology. The analysis is anchored in Dorner’s Psi Theory,
focusing on its five core parameters: valence, arousal, selection threshold, resolution level,
and goal-directedness. Additionally, Integrated Information Theory (lIT) is employed to
explore the interplay between consciousness and motivational processes. The primary goal
is to delineate motivational components that can be linked to measurable brain signals and
potentially influenced via BCls, establishing a basis for further development in the project
timeline. A detailed review of the pre-existing motivational theory work is not the purpose of
this document or of this project; rather, it is to set the stage for scientific validation and

exploration for this project specifically.



The motivational framework being utilized is built upon a synthesis of psychological models,
which are explored as inputs into regulating and directing Al agents and systems, such as
SingularityNET’s OpenCog/Hyperon. The hypothesis is that Dorner’s Psi Theory can
provide the primary structure and anchor point for a number of other theories. This theory
essentially outlines five parameters that regulate motivation and cognitive processes,
offering a robust foundation for identifying BCI-controllable features. While additional
models, such as the Five Factor Model and Piaget’s Theory of Cognitive Development,
contribute to the broader context, the focus here remains on the Psi parameters due to their
direct applicability in affective/motivational information in OpenCog/Hyperon, which we aim
to bring to brain signal analysis and BCI implementation. While our project may not utilize all
of Dorner’s Psi Theory parameters nor would it be restricted to it, we believe that there is
scientific basis for endeavoring to anchor motivational systems and optimally BCI systems
in Psi Theory as one component that may assist in OpenCog/Hyperon efforts. Below, we
provide a preliminary hypothesis for neural correlates, upon which we will follow up in future

project milestones.
Dorner’s Psi Theory

Dorner's Psi theory is particularly fascinating for this project because it offers a
comprehensive and structured framework for understanding human motivation and
cognition, which are essential for designing effective brain-computer interfaces (BCls). The
theory breaks down motivational processes into five key parameters: valence, arousal,
selection threshold, resolution level, and goal-directedness. These elements provide a
clear and systematic way to analyze the emotional and cognitive factors that drive behavior.
By linking these parameters to measurable brain signals, such as EEG patterns, the project
can explore how to use BCls to connect to Al agents and Al systems, such as
OpenCog/Hyperon. This connection between psychological theory and neurotechnology not
only strengthens the project’s theoretical groundwork but also boosts its potential to create

practical, impactful solutions for influencing Al cognition and motivation.

Each of the five parameters is analyzed below in terms of its motivational function,
potentially/hypothesized associated neural correlates, and potential feasibility for BCI

modulation.



1. Valence

Function: Valence denotes the positive (appetitive) or negative (aversive) emotional
value assigned to stimuli or events, guiding preferences and decision-making
processes.

Preliminary/Hypothesized Neural Correlates: This parameter may be reflected in
frontal alpha asymmetry, observable through electroencephalography (EEG).
Increased left frontal activity may indicate positive valence, whereas right-sided
dominance suggests negative valence.

Potential BCI Feasibility: Adjusting valence could heighten appeal toward specific
objectives or diminish avoidance of difficult tasks. However, current consumer-grade
BCls lack the resolution for precise, real-time emotional modulation. Future
technological progress could elevate valence as a viable control lever.

2. Arousal

Function: Arousal regulates an individual’'s alertness and energy, impacting
readiness for action and engagement with tasks.

Preliminary/Hypothesized Neural Correlates: Arousal may manifest in EEG as
increased beta (13-30 Hz) and gamma (>30 Hz) power during high alertness, and
elevated alpha (8-12 Hz) power during states of calm.

Potential BCI Feasibility: Arousal is readily modifiable with existing BCI systems.
Neurofeedback can enable users to adjust arousal levels, promoting focus or
relaxation. This positions arousal as a highly practical target for immediate BCI
applications, such as improving productivity or managing stress.

3. Selection Threshold

Function: The selection threshold governs the ease of shifting attention among
competing goals or motives, influencing cognitive adaptability and prioritization.
Preliminary/Hypothesized Neural Correlates: Prefrontal theta activity, measurable
via EEG, is tied to executive control and attention-switching, potentially serving as an
indicator of selection threshold dynamics.

Potential BCI Feasibility: While detecting attention shifts is achievable, directly
altering the selection threshold to enhance focus or flexibility remains difficult with
current technology. Neurofeedback may offer indirect training benefits, though
real-time control is presently constrained.

4. Resolution Level



Function: Resolution level determines the granularity of information processing,
striking a balance between detailed analysis and swift decision-making.
Preliminary/Hypothesized Neural Correlates: Suppression of alpha power (EEG)
signals increased depth in cognitive or perceptual processing, potentially acting as a
marker for resolution level.

Potential BCI Feasibility: BCls can support perceptual focus through
neurofeedback, but direct adjustment of resolution level—such as switching between
meticulous analysis and rapid responses—is not yet attainable. Current capabilities
are limited to indirect enhancement via attention training.

5. Goal-Directedness

Function: Goal-directedness reflects the sustained focus and effort toward achieving
defined objectives, stabilizing motivational persistence.

Preliminary/Hypothesized Neural Correlates: The P300 event-related potential
(ERP), detectable via EEG, may be associated with reward anticipation and goal
significance.

Potential BCI Feasibility: Enhancing P300 signals could strengthen motivation
toward specific aims, offering potential for applications in learning or therapy. Direct
modulation requires advanced precision, which is currently limited but holds promise
for future BCI systems.

Incorporation of Integrated Information Theory (lIT)
Integrated Information Theory (lIT) proposes that consciousness emerges from a system’s

ability to integrate information, measured as ¢. This framework is applied here to assess the

conscious versus automatic nature of motivational processes.

Relevance to Motivation: High ¢ values may indicate conscious, intentional
motivation (e.g., pursuing a deliberate goal), while lower values suggest automatic,
subconscious drives (e.g., routine actions).

Preliminary/Hypothesized Neural Correlates: Although direct ® measurement is
impractical with current tools, neural synchrony or connectivity (e.g., EEG coherence
across regions) may provide indirect indicators of information integration.

BCI Feasibility: Altering connectivity patterns could shift the degree of conscious
involvement in motivation. For instance:

o Enhancing synchrony might increase awareness of motivational states,
supporting self-regulation.

o Reducing synchrony could promote automaticity, aiding habit development or
skill acquisition. While speculative with present technology, IIT offers a
theoretical lens for understanding consciousness in motivational systems,
with potential implications for advanced BCI design.



Conclusion

These key motivational features hold potential for BCI control. Rooted in Dorner’s Psi
parameters and enriched by Integrated Information Theory, these features offer a structured
approach to mapping brain signals (Milestone #2), developing functionality (Milestone #3),
and prototyping (Milestone #4). By specifying these initial motivational levers for further
scientific exploration, this document fulfills the requirements for Milestone #1, providing an

analysis and suggested path forward for the project’s next phases.
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