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Abstract

This research aims to systematically investigate the concept of cognitive upgrading through

the integration of technological tools with human cognition. Two experimental studies are

proposed to examine how technology impacts cognitive abilities when integrated into

cognitive processes, and the outcomes of offloading cognitive load to technology to engage in

higher-level thinking. Based on theoretical frameworks of cognitive load theory, cultivation

theory, cybernetics and the extended self, four hypotheses are formulated predicting enhanced

cognitive performance and a symbiotic relationship between humans and machines. The

experimental designs employ random assignment and within-subjects comparisons to

measure the effects of technology on cognitive tasks. The expected findings suggest cognitive

upgrading results in improved cognitive functioning, efficiency and a feedback loop

advancing both human and technological capabilities. The research seeks to advance

understanding of cognitive augmentation while informing cognitive technology development

and policy.

Keywords: cognitive upgrading, human-machine symbiosis, human-computer interaction,
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1 Background

The rapid advancement of technology has ushered in an era where human cognitive abilities

can be significantly enhanced through the integration of technological tools. This research

project explores the concept of “Cognitive Upgrading,” a process by which technology serves

as an external extension of human cognitive processes, thereby augmenting memory,

attention, reasoning, language, and problem-solving capabilities.

Cognitive load theory and cultivation theory provide foundational frameworks for

understanding the potential impact of technology on human cognition. These theories offer

insights into the ways in which exposure to media and information overload can shape



individuals' perceptions, thoughts, and behaviors (Zhong, 2021). Cognitive load theory,

proposed by John Sweller in the 1980s, focuses on the cognitive resources required to process

information. According to this theory, individuals have limited cognitive capacity, and when

presented with information that exceeds their capacity, cognitive overload occurs (Sweller,

2011). Cognitive overload can negatively impact learning, problem-solving, and decision-

making (Sweller, 2011). As technology continues to advance, the increasing amount of

information available to individuals can potentially overwhelm cognitive resources, affecting

their ability to effectively process and make use of that information. Cultivation theory,

developed by George Gerbner in the 1960s, explores the long-term effects of media exposure

on individuals' beliefs and attitudes. It suggests that prolonged exposure to media content can

cultivate a shared social reality that influences how individuals perceive the world around

them (Gerbner et al., 1986). One of the main insights from this process is that small

stimulation over a long period of time can have a huge impact. The theory posits that

repeated exposure to certain messages and narratives can shape individuals' perceptions of

social norms, values, and behaviors, ultimately influencing their cognitive processes (Gerbner

et al., 1986).

Phenomenology of perception and the Bayesian approach to probability update offer

additional perspectives on human cognition. Phenomenology of perception, as explored by

philosophers such as Maurice Merleau-Ponty (1962), emphasizes the active role of the human

body and prior knowledge in perception. It suggests that perception is not simply a passive

reception of sensory stimuli but a complex process that involves the active engagement of the

body and its interactions with the environment (Merleau-Ponty & Smith, 1962). The

Bayesian approach to probability update, rooted in probability theory and statistics, highlights

the role of prior knowledge and beliefs in decision-making (Richard & Lippmann, 1991).

According to this approach, individuals continually update their beliefs and judgments based



on new evidence and prior knowledge (Richard & Lippmann, 1991). This suggests that

humans engage in a dynamic process of integrating new information with their existing

knowledge and beliefs, shaping their cognitive processes and decision-making.

Moreover, the fields of cybernetics and extended self propose the potential for a symbiotic

relationship between humans and machines. Cybernetics, developed by Norbert Wiener,

explores the interaction and control of systems, including the interaction between humans and

technology. It suggests that humans and machines can form a coordinated, feedback-driven

system, were technology augments human capabilities and vice versa(Wiener, 2019). The

concept of the extended self posits that technology can become an extension of individuals'

minds and selves (Belk, 1988). With the increasing integration of technology into our daily

lives, devices such as smartphones, wearable devices, and virtual reality systems can enhance

our cognitive abilities, memory, and communication.

Cultivation theory and cognitive load theory provide a foundation for understanding the

potential effects of technology on human cognition. Phenomenology of perception and the

Bayesian approach highlight the active role of the human body and prior knowledge in

perception and decision-making. Cybernetics and the extended self suggest the possibility of

a symbiotic relationship between humans and machines. While these theoretical frameworks

suggest the feasibility of cognitive upgrading through technology integration, empirical

research targeting the mechanisms and outcomes of such integration is still limited. There is a

significant gap in our understanding of how technology affects specific cognitive processes,

such as attention, memory, and decision-making, as well as the long-term consequences of

these effects.

2 Research Objectives

There are 4 main research objectives: 1) to investigate the extent to which technological

enhancements can improve specific cognitive functions. 2) to examine the bidirectional flow



of information and cognitive processing between humans and technology. 3) to assess the

potential positive and negative outcomes of cognitive upgrading. 4) Reduce fears about future

AI development by verifying the symbiotic relationship between humans and intelligent

technology (AI).

Based on the research objectives, we can formulate the following research questions and

hypotheses:

3 Research Questions / Hypothesis

3.1 Research Questions

Research question 1: How does the integration of technology into cognitive processes affect

human cognitive abilities?

Research question 2: What are the potential positive and negative outcomes of cognitive

upgrading on human cognition?

3.2 Hypotheses

Hypothesis 1: The integration of technology into cognitive processes enhances human

cognitive capabilities, including thinking, memory, problem-solving, and decision-making as

figure 1.



Figure 1: Integration of technology into cognitive processes

Hypothesis 2: Cognitive upgrading leads to increased efficiency and productivity in cognitive

tasks.

Hypothesis 3: The symbiotic relationship between humans and machines, resulting from the

integration of technology into cognitive processes, positively impacts human cognitive

abilities by enabling faster information processing, better knowledge retention, and more

accurate predictions.

Hypothesis 4: The mutual interaction between humans and technology, where humans utilize

technology (such as AI) to offload cognitive load and engage in higher-level thinking, and the

outcomes of this higher-level thinking enhance the capabilities of technology (such as AI),

enabling it to tackle more complex tasks. As a result, technology can assist humans in

handling higher-level cognitive load, facilitating a positive feedback loop that enables

humans to engage in even higher-level thinking as figure 2.

Figure 2: Cognitive upgrading loop

This hypothesis suggests that there exists a symbiotic relationship between humans and

technology, where the integration of technology into cognitive processes allows humans to



offload cognitive load and devote more cognitive resources to higher-level thinking. The

outcomes of this higher-level thinking, in turn, contribute to the advancement and

improvement of technology, enabling it to assist humans in tackling more complex cognitive

tasks. This positive feedback loop enhances human cognitive abilities and facilitates further

advancements in technology, ultimately leading to an iterative cycle of higher-level thinking

and technological development.

4. Research Design

The research design for this study will be 2 experimental studies for understanding the

process of cognitive upgrading. Experimental method involves manipulating variables and

measuring their effects on participants' cognitive abilities. The design of experiments is where

participants engage in cognitive tasks with and without the integration of technology, and

then measure and compare their performance. The first study is used to investigate hypothesis

1, 2, 3 and the second study is used to investigate hypothesis 4.

4.1 Study 1 Cognitive tasks with and without technology

1) Participants: Recruit a sample of participants who are representative of the population of

interest. They have varying levels of familiarity and experience with the technology being

integrated into cognitive processes.

2) Random Assignment: Randomly assign participants into two groups: the experimental

group and the control group.

a. Experimental Group: Participants in this group will engage in cognitive tasks with

the integration of technology. They will use a cognitive-enhancing software or a technology-

assisted memory aid while performing tasks that require thinking, memory, problem-solving,

or decision-making.



b. Control Group: Participants in this group will perform the same cognitive tasks

without the integration of technology. They will rely solely on their natural cognitive abilities

to complete the tasks.

3) Pre-Test: Before the experimental manipulation, administer a pre-test to assess participants'

baseline cognitive abilities. This will serve as a baseline measure for comparison.

4) Manipulation check: The experimental group will receive the integration of technology

into their cognitive processes, while the control group will not. The technology used in the

experimental group is appropriate and relevant to the cognitive tasks being performed.

5) Task Performance: Both groups will engage in a series of cognitive tasks that measure

various cognitive abilities such as thinking, memory, problem-solving, and decision-making.

The tasks are standardized and designed to be comparable between the two groups.

6) Post-Test: After completing the cognitive tasks, administer a post-test to assess

participants' cognitive abilities again. This will allow for a comparison of performance

changes between the pre-test and post-test.

7) Data Collection: Collect data on task performance for both groups. This include measures

such as accuracy, response time, memory recall, problem-solving efficiency, and decision-

making quality.

8) Data Analysis: Through R 4.3.3, paired t-test, or analysis of variance (ANOVA) will be

used to compare the performance of the experimental and control groups. Determine if there

are significant differences in cognitive abilities between the two groups. Based on the results,

evaluate whether the integration of technology into cognitive processes enhances human

cognitive capabilities.



4.2 Study 2 Utilization of technology (AI) to offload cognitive load and engage in higher-
level thinking

1) Participants: Select a sample of participants who have varying levels of familiarity and

experience with technology, particularly AI systems. They are capable of engaging in higher-

level thinking tasks.

2) Independent Variables: The independent variables in this experiment would be the

utilization of technology (AI) by humans to offload cognitive load and engage in higher-level

thinking.

3) Dependent Variables: The dependent variables would be the measures of higher-level

cognitive load, performance on complex tasks, and the capabilities of technology (AI) in

handling more complex tasks.

4) Within-subjects design: Each participant serves as their control. The experiment can be

divided into two phases:

a. Phase 1 - Baseline: Before the intervention, participants would undergo a series of

tasks that involve higher-level cognitive load and complex problem-solving. This phase

establishes the participants' baseline performance without the assistance of technology (AI).

b. Phase 2 - Intervention: In this phase, participants would be provided with

technology (such as an AI system) that can assist them in offloading cognitive load and

engaging in higher-level thinking. The AI system should be capable of processing and

analyzing complex information, providing relevant suggestions or insights to the participants.

Participants would then undertake the same tasks from Phase 1, but this time with the

assistance of the AI system. This phase would measure the participants' performance

improvement due to the utilization of technology and how it enhances their higher-level

thinking.



5) Data Collection: During both phases, collect data on the participants' performance,

including their accuracy, speed, and efficiency in completing the tasks. Additionally, collect

data on the AI system's performance, such as its ability to process complex information,

generate accurate suggestions, and improve over time.

6) Data Analysis: Through R 4.3.3, repeated measures ANOVA or time series model will be

used to compare the participants' performance in Phase 1 (without AI assistance) and Phase 2

(with AI assistance). Assess whether there are significant differences in their higher-level

cognitive load, task performance, and the capabilities of the AI system in handling more

complex tasks.

5 Findings

The expected findings of this research paper could include:

5.1 Finding from study 1: Cognitive tasks with and without technology

Participants in the experimental group, who use cognitive-enhancing software or technology-

assisted memory aids, will demonstrate improved performance compared to the control group

in tasks related to thinking, memory, problem-solving, and decision-making. Hypothesis 1

will be proved.

Participants in the experimental group will show higher efficiency and productivity in

completing cognitive tasks compared to the control group, indicating the benefits of cognitive

upgrading through technology integration. Hypothesis 2 will be proved.

The experimental group, with the integration of technology into cognitive processes, will

demonstrate faster information processing, improved knowledge retention, and more accurate

predictions compared to the control group. Hypothesis 3 will be proved.

5.2 Finding from study 2: Utilization of technology (AI) to offload cognitive load and
engage in higher-level thinking



Participants who utilize AI technology to offload cognitive load will demonstrate improved

performance in handling higher-level cognitive tasks compared to their baseline performance

without AI assistance. Additionally, the AI system's capabilities will show improvement in

processing complex information and generating accurate suggestions. Hypothesis 4 will be

proved.

The expected findings of this research paper suggest that the integration of technology into

cognitive processes can enhance human cognitive abilities, increase efficiency and

productivity in cognitive tasks, and establish a symbiotic relationship between humans and

machines. These findings would support the concept of cognitive upgrading and highlight the

potential benefits of technology integration in improving human cognition.

6 Impact

The contributions of this research are projected to be significant and diverse. On a scientific

level, the study aims to fill the empirical gap in our understanding of the mechanisms and

outcomes of integrating technology with human cognition, thereby advancing theoretical

frameworks in cognitive science, cybernetics, and human-computer interaction. The findings

are expected to influence the development of new cognitive enhancement technologies,

guiding their design to be more effective and harmonious with human cognitive processes.

On a societal level, the insights from this research will inform policy-making and ethical

guidelines concerning the use of cognitive enhancement technologies, potentially leading to

better governance of emerging technologies. Furthermore, the project's outcomes may have

practical implications for education and workforce development, suggesting new ways to

integrate technology that maximize cognitive potential and productivity. The ethical and

social considerations explored will also contribute to public discourse on the role of

technology in human evolution, fostering a more informed and balanced view of cognitive

upgrading in society. Moreover, the premise of this research, which focuses on the integration



of humans and AI technology, is expected to significantly alleviate people's fears and

concerns about AI replacing jobs or even humans themselves.

7 Conclusion and Discussion

The research proposed in this paper aims to investigate the role of technological integration in

cognitive upgrading through two empirical studies. The theoretical frameworks and

hypotheses outlined provide a foundation for understanding how technology may enhance

specific human cognitive functions when integrated into cognitive processes. The expected

findings suggest that cognitive upgrading through technology results in improved cognitive

performance, efficiency, productivity, as well as a symbiotic relationship between humans

and machines. Overall, this research seeks to advance our scientific knowledge of cognitive

augmentation while also informing the development of cognitive technologies and related

policies and guidelines.

While this research outlines a well-designed experimental plan to study cognitive upgrading,

some limitations should be acknowledged. First, conducting studies with real cognitive

enhancement technologies may be difficult due to limited availability and costs. Simulation

methods or simpler tools may be needed initially. Second, studying long-term effects of

cognitive upgrading requires longitudinal research which takes more time and resources.

Finally, generalizing findings beyond student samples may be challenging and require studies

in diverse populations and contexts. More research addressing these limitations will be

needed to fully validate the concepts proposed.

The research proposed offers a starting point for systematically investigating cognitive

upgrading through technology integration. However, many open questions remain that

warrant further exploration. For example, the mechanisms by which different technologies

impact specific cognitive processes like memory, reasoning, or emotion require more

granular investigation. Individual differences in how people cognitively interact with and



benefit from technologies is another avenue of inquiry. Similarly, ethical issues around

cognitive enhancement, such as fairness of access, user autonomy and security, require

thoughtful consideration. Additionally, studying dynamic interactions between humans, AI

and other emerging technologies in complex problem solving can provide novel insights.

Overall, rigorous multi-disciplinary research has the potential to develop evidence-based

recommendations for designing, governing and applying cognitive augmentation responsibly

and for the benefit of humanity.
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