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Computational Consciousness Modeling

• Computational Consciousness Modeling (CoCoMo) model:

• Incorporate ethical and emotional intelligence into AI systems.

• Combine knowledge with compassion.

• Focuses on fairness, beneficence, empathy, non-maleficence, 

adaptability, and critical & exploratory thinking abilities.

• Employes consciousness modeling, reinforcement learning, 

and prompt template formulation to support these desired 

traits.

• Potentially lead to improved fairness, reduced toxicity, and 

increased reliability. Chapter 12
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Narrow AI / System-1 AI 

• Narrow AI  ==  System-1 AI:

• Executing well-defined, specific tasks through machine 

learning algorithms

• Examples: object recognition, language translations.

• Not as effective in handling advanced generated AI functions 

that require reasoning, critical and exploratory thinking, or 

modeling and regulation of emotions and behaviors.

Chapter 12
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System-2 AI 

• System-2 AI:

• Mimic human cognitive abilities

• Examples: text, image and video generations.

• Most of those models face issues of bias, toxicity, robustness, 

and reliability.

Chapter 12
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Modeling Emotion and Ethical guardrails

• How to model emotional intelligence and ethical guardrails within 

a generative AI model itself?

• Could human consciousness study provides insights?

• Addressing those issues outside of a GAI using human subjective 

feedback and reinforcement learning

    ➔ similar to imposing censorship or user-generated content

    ➔ which is a heuristic-based on non-scalable solution.

Chapter 12
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Example: Courage

• Courage is knowing it might hurt, and doing it anyway. Stupidity is the same.

• Courage:

• Moral Motivation: protect people, taking justice, or facing difficulty;

• Risk Estimation: evaluating the outcome, but worth doing so;

• Preparation & Planning: taking as low risk as possible;

• Adaptive: reasonably taking actions even facing uncertain events;

• Persistent: support one’s belief.

• Courage:

• Lack of Motivation

• Ignore Risk

• Lack of Preparation

• Ignore Warning Signals

• Serious Outcome
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Understand Consciousness

• Consider Consciousness into quantifiable metrics

• Based on scientific evidence from fields such as

• Physics, 

• Biology,

• Neuroscience,

• Psychiatry

• Computer Science.

7

Chapter 12
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Definition and Complexity

• “The state of being awake and aware of one’s surroundings” – Oxford Languages.

• ”Complexity of its sensing and response system” by Michio Kaku.

• The more complex an organism’s ability to sense and respond to stimuli in its 

environment, 

• The more information is transmitted and processed,

➔Leading to a more complex consciousness.

• Integrated Information Theory (IIT) by Giulio Tononi

• Consciousness arises from the integration of info across different brain areas.

• Determined by the amount of integrated information it can process.

• Global Workspace Theory

• Dynamic Core Hypothesis
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Obtaining Information from Surroundings

• Human beings have sensory organs for 

obtaining information through:

• sight, 

• hearing, 

• smell, 

• taste, 

• touch, and

• proprioception

➔ allow us to perceive and interpret stimuli in 

our environment
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Arise of Consciousness

10

Two conscious events: 
• Feeling of thirst
• Act of quenching that thirst



EECS 6895 ADV. BIG DATA AND AI        COPYRIGHT © PROF. C.Y. LIN, COLUMBIA UNIV.

Panpsychism vs. Functionalism
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• The Functionalist approach can account for subjective experience.

• It can be modeled and implemented as computer program regardless of its 
physical or neural implementations.

• Panpsychism posits that consciousness is a fundamental aspect of the universe 
and is present in all matter, including inanimate objects.

• Under functionalism, subjective experiences can be modeled into a computer 
program, with the issue of subjective experience being addressed by 
incorporating context and collecting user feedback.
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Perception

12

• Perception is the process of interpreting sensory information and forming

mental representations of the environment

• A computational model should consider how the transitions between 
unconscious background perception and conscious awareness are performed.
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Awareness

13

• Awareness refers to the conscious perception of one’s surroundings, 

thoughts, and feelings.

• Baars’ theory also distinguishes between awareness and attention. While 

related, they are not synonymous.

• Awareness encompasses the full scope of conscious experience, while 

attention is a specific cognitive process that enables focus on certain 

stimuli or sources of information.
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Attend Aware Tasks

14

• CoCoMo employs the multi-level feedback queue (MFQ) as its baseline scheduler to 

ensure effective management of conscious and unconscious tasks. 

• The MFQ is a widely used scheduling algorithm in operating systems that organizes 

tasks into a hierarchy of queues with varying priority levels. 

• CoCoMo requires three additional implementation considerations:

• (1) How should state transitions between unconsciousness and consciousness be 

handled? 

• (2) How should the parameters be set to manage tasks in conscious and 

unconscious states? and 

• (3) Are there additional policies that need to be added to the CoCoMo-MFQ besides 

fairness and starvation-free?
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Attend Aware Tasks
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Fading Out of Consciousness

16

• Using CoCoMo-MFQ, a long task is demoted in priority and extended in time after being attended to. 

• CoCoMo can further reduce its priority until it becomes unconscious. 

• Listening to music is an example of this, as our consciousness of it can come and go. 

• Serotonin levels are linked to happiness and boredom in humans. 

• The work applies a model of impulsiveness to robot navigation. 

• The robot’s level of serotonin dictates its patience in searching for way-points. 

• This same idea can also be used to quantify boredom as a negative reward.
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Conscious Capabilities

17

• Six functionalities that the CoCoMo model aims to support, including:

• perception, 

• awareness, 

• attention, 

• emotion, 
• critical thinking, and 

• creative thinking. 

• Among these functionalities, perception is supported by system-1 AI.

• CoCoMo-MFQ can directly support awareness and attention as states of a task.

• The remaining three functionalities (emotion, critical thinking, and creative thinking) are 

represented by computer executable jobs that are scheduled in the conscious-level queues.

• The priorities of these tasks are determined by their reward values.
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Emotion with Rewarding

18

• Rewarding AI agents to optimize 

behavior and maximize total reward is a 

staple in reinforcement learning. 

• This approach can shape agent behavior 
effectively and help it adjust to different 

situations. 

• For instance, when the AI agent is 

designed to care for seniors at a home, 
task priorities can be set by supervisors. 

• Once task rewards are assigned, they 

are scheduled to relevant priority queues 

in the MFQ.
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Critical Thinking

19

• When interacting with an LLM like ChatGPT, it’s best to approach 

with a critical mindset. 

• Adopting the role of Socrates, approaching the interaction as if one 

knows nothing, enables users to ask the LLM for information and 

evaluate the validity of its answers.

• CRIT (Critical Thinking Template) method is to perform document 

validation through critical thinking. 

• The input to CRIT is a document and the output is a validation 

score between 1 and 10, with 1 being the least 

credible/trustworthy.
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Critical Thinking
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Critical Thinking
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Exploratory Thinking

22



EECS 6895 ADV. BIG DATA AND AI        COPYRIGHT © PROF. C.Y. LIN, COLUMBIA UNIV.

Exploratory Thinking

23



EECS 6895 ADV. BIG DATA AND AI        COPYRIGHT © PROF. C.Y. LIN, COLUMBIA UNIV.

Exploratory Thinking

24

• Exploratory thinking refers to a type of thinking that involves exploring new ideas, 

concepts, and possibilities. 

• It often involves generating new ideas, considering different perspectives, and seeking 

out information to gain a deeper understanding of a subject. 

• This type of thinking is often associated with creativity and innovation.

• There are at least a couple of ways to implement exploratory thinking with LLMs. 

• The first method is to use the maieutics strategy, which is one of the Socratic method.

• The second method is to employ counterfactual reasoning.
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Exploratory Thinking – Maieutics Method

25

• The method of maieutics is 

based on the idea that the 

teacher’s role is to help the 

student give birth to their own 

understanding of a subject, 

rather than to impart 

knowledge directly.
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Exploratory Thinking – Counterfactual Method

26

• Counterfactual thinking refers to imaginative thoughts about what might have been (“if 

only” or “what if”). 

• We have experimented with using the counterfactual technique to rewrite a chapter to 

connect the two greatest classical novels. 

• We have also asked GPT-3 to rewrite Genesis chapter 3 by prompting GPT-3 that: “What 

if Adam and Eve refused the serpent to eat the fruit?” 
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Computational Consciousness

27

• CoCoMo consists of four modules: the receptor, unconsciousness, consciousness, and 

effector modules, as shown in the stimulus-response diagram. 

• The receptor module processes input signals from sensors and converts them into 

representations, which are sent to the global workspace of the unconsciousness module.

• The unconsciousness module performs discriminative classification and schedules 

events based on a multi-level feedback scheduler, discussed in detail in Chapter 12.4.1.

• The consciousness module is single-threaded and maintains a schema for each task, 

along with a reward system and a prompt-template generation system.

• Finally, the effector module waits for signals from the consciousness module, acts 

according to the provided parameters, and serves as a receptor, sending feedback 

signals to the unconsciousness module.
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Meet Aiia

World’s First A.I. Digital Human for Daily Life!!

• Hardware-Software Integrated 

Local AI ‘Brain’. 

• Privacy / Individual / Personal

• Speaks English, Chinese, 

Japanese, Spanish, Korean, 

Malay, and Indonesian.

• Avatars with Personality & 

Emotion

• Eye Contact / Facial Expression

• Integrating with Payment, 

Mobile Apps, etc.
New York Times & other 
media – December 2022
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Graphen Aiia Digital 
Human

Graphen was Ranked World’s 
Top #9 AI Company – Oct 
2023 (OpenAI #1, DeepMind 
#3, Mistral #4, ..; by Tracxn)

Largest Booth in AI 
Summit NY 2003 

https://tracxn.com/d/trending-themes/startups-in-artificial-general-intelligence/__syM3PG3Mhrgs45vPH5Jxfokskrnws9Vv3iusaL76cmQ
https://tracxn.com/d/trending-themes/startups-in-artificial-general-intelligence/__syM3PG3Mhrgs45vPH5Jxfokskrnws9Vv3iusaL76cmQ


Do we need AI?
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“Single Child”
Finalist of the 26th National Photo Contest, 
China

Who will be our caregiver? Where to find Helps?

All Developed and some developing countries 
have been facing labor shortage crisis ➔ 
More and more serious everyday.
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Drinks, Restaurants, Supermarket, etc. Retail storesHotel, Train Stations, Travel Agent

Automotives

Six Aiia demos at New York Convention Center (April 2023 @ NY Auto Show)

Hospital, Nursing Home Financial Institutes
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Graphen Robotics Hardware

32”

Aiia Glass Aiia Kiosk

Aiia Tablet

Aiia Classic

55” & 43”

32”

Aiia Robot

13”55” & 43”

Aiia Hologram

75” & 86”Next Apple?



AI as Knowledge Worker

Instant reference tool for medication dosages, side effects, and 
interactions, reducing the risk of medication errors.

Patient education :  helping nurses provide accurate, understandable 
explanations of medical conditions and treatments.

34

Examples：

Question : What is the infusion time for 1 unit of Packed Red Blood Cells?

Aiia Nurse Assistant: PBRCs are a blood product used to replace erythrocytes; infusion time for 1 
unit is usually between 2 and 4 hours.

Source: The answer is obtained by retrieving page 158 in the provided PDF, which is the RN Exam textbook.

➔ Aiia answered 90% questions correctly in New York RN License Exam 
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Retail
https://www.youtube.co
m/watch?v=bcb9CT-DV4o

https://www.youtube.com/watch?v=bcb9CT-DV4o
https://www.youtube.com/watch?v=bcb9CT-DV4o


Example 
Demos

36

Medical 
Assistant
@ US and 
Taiwan

https://ww
w.youtube.c
om/watch?
v=J9zsaW0g
DN4

Singapore 
National Park 
– Garden by 
the Bay

https://www.youtube.com/watch?v=J9zsaW0gDN4
https://www.youtube.com/watch?v=J9zsaW0gDN4
https://www.youtube.com/watch?v=J9zsaW0gDN4
https://www.youtube.com/watch?v=J9zsaW0gDN4
https://www.youtube.com/watch?v=J9zsaW0gDN4


Taipei & Tokyo Metro 
Use Case Demo
● 75” 3D Hologram or 43” / 

55” Glass Kiosks.

● Local AI.

● Responds in 1.5 seconds.

● Any questions near the 

subway station.

● English, Mandarin, 

Japanese and Korean.

● Adding Malay & Indonesian.

● Eye Contact & interaction 

with the user.

● Facial Expressions. 

● Actions.

37



Zoom In

38
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https://www.graphen.ai/agents
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https://www.graphen.ai/agents
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