What is gained and lost when students delegate cognitive labor to AI? Is this simply cognitive offloading, or something fundamentally different?
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Abstract
With the trend of students’ use of AI to offload their cognitive labor, the question of whether delegation is worthwhile or simply flawed becomes increasingly important. The use of AI is not simply cognitive offloading, but a transformative change in learning. In this essay, the losses and gains are discussed when students displace their cognitive labor to AI. Not only is there potential harm to memory, considering the immaturity of their brains and critical thinking abilities, students are also vulnerable to incorrect or misleading information provided by AI due to algorithmic bias. However, with appropriate use, AI can work as a powerful tool to provide  
robust assistance for students to increase efficiency and academic performance. Moreover, AI can also facilitate students to learn new skills, especially in learning a language in an interactive and effective way. Therefore, AI should not be generalized as inherently negative for students to use. Instead, we would be better off focusing on how students can use AI appropriately to balance the trade-off between its potential cognitive harm and benefits.


On November 30, 2022, OpenAI launched ChatGPT, a brand-new trend that triggered a global wave of artificial intelligence, also known as AI. It can replace a wide range of human cognitive tasks, from decisions on daily tasks and time management to text generation. Gradually, AI has replaced partial human cognitive labor, “the labor involves the effortful engagement of executive control” (Kool & Botvinick, 2014). While widely delegating cognitive tasks to AI, it leads many researchers and the general public to reflect on whether such wide usage of AI is truly beneficial for students. In this essay, I will discuss and analyze the losses and gains when students delegate their cognitive labor to AI. From my perspective, I believe the use of AI is not simply cognitive offloading, but it has fundamentally changed how students learn; thus, it is important to utilize AI strategically. 
Students have adopted AI as a tool widely after it was published. A survey by the Digital Education Council in 2024 among 3839 students across 16 countries found that 86% were already using AI in their studies (Digital Education Council, 2024). There are various approaches to utilizing AI, including using it to finish assignments or exams. A survey by BestCollege among 1000 college students shows that 50% of students used AI to finish some parts of their assignments and 30% used it for the majority of assignments (Welding, 2023). Such a phenomenon raises the question about the impact of delegating cognitive labor to AI on students’ learning and cognitive development. 
[bookmark: OLE_LINK1]As AI assists students in offloading cognitive labor, students face the risks of declining memory of learned information. In recent years, AI, as an external tool, has become widely adopted by students (Amoah et al., 2025). In the spite of students’ different usage of AI, it can be conceptualized and summarized as cognitive offloading, which refers to the delegation of cognitive tasks to external resources to reduce mental demand (Chirayath et al., 2025). While the human demand for cognitive offloading is instinctive, according to Social Baseline Theory, human brains are naturally oriented toward relying on available external resources to reduce cognitive demands (Beckes & Coan, 2011). However, the delegation may further lead to excessive reliance on technologies rather than their own cognitive abilities. For instance, the Google effect, proposed by Sparrow et al. (2011), argues that individual place great reliance on the internet as a source of knowledge rather than remembering by themselves. Transferring the cognitive labor of remembering to external tools can free up students’ own cognitive resources. Nevertheless, it also increases their possibilities to forget the information. According to Ebbinghaus (1913), without intentional recall, human memory of information will progressively lose it, especially in the initial period. Therefore, with AI, a convenient and easily accessible technology, students may be unconsciously inclined to offload more cognitive loads: not only memory, but also explanation, interpretation, and even text generation. In general, easy accessibility of information online may induce students’ cognitive offloading frequency instead of their own cognitive capacity. 
Moreover, unlike traditional external tools, such as notebooks or search engines, AI can not only provide information but also help to process it, such as interpret data, evaluate risks, plan actions, and so on (Abbass, 2019). These forms of processing can be categorized as metacognitive tasks. Metacognition, defined by Weinert and Rainer Kluwe (1987), is “an understanding of knowledge, an understanding that can be reflected in either effective use or overt description of the knowledge in question.” The process of reasoning, explaining, or evaluating can be considered a manifestation of learned knowledge. When students delegate these metacognitive tasks to the external tool—AI—they have fewer opportunities to engage in deep analysis and thinking. At the same time, metacognition is strongly related to critical thinking ability (Magno, 2010). As a result, the suboptimal performance of metacognition may influence students’ critical thinking, especially when they judge and distinguish the authenticity of information provided by AI. Unfortunately, research found that among younger participants (17–25), there was a strong negative correlation between AI tool usage and cognitive offloading and critical thinking variables (r=-.494) (Gerlich, 2025). Moreover, AI exhibits algorithmic bias, a form of discrimination that happens in machine systems due to biased data (Mbalaka, 2023). The discrimination may unfairly regard with certain groups of people, such as racism and sexism. As a younger generation, students play an important and potential role in shaping future social norms and values. Without robust critical thinking ability, they may be vulnerable to these biased messages generated or reinforced by AI, potentially escalating social inequality. 
Besides observable behavior, the immaturity of minor brain structures, particularly the prefrontal cortex, also increases the possibility for students to over-rely on AI tools, replacing their own thinking process. As one of the crucial components of the brain’s areas, the prefrontal cortex partially manages cognitive control, including integration of multiple tasks and relevant information (Miller & Cohen, 2001). However, the fMRI results suggest that the prefrontal cortex in adolescent brains is still immature, which may contribute to incomplete development of executive functions (Blakemore & Choudhury, 2006). Without mature judgment, students may fall into misleading information. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Despite the potential negative consequences brought by AI, it can still serve as an effective, adaptive, and interactive tool for students. In the sociocultural theory, Vygotsky (1978) proposed the zone of proximal development as the distance between the actual ability to solve a problem independently and the potential development under adult guidance or in collaboration with more capable peers (Vygotsky, 1978).  In this sense, Wood et al. (1976) proposed the scaffolding effect, suggesting that children can complete tasks beyond their capacity with adult control over the elements of the tasks. The external assistance can be perceived as the “scaffold” to help students to perform tasks within their ZPD. 
Nowadays, AI can assume this role even with better performance because of its high flexibility, strong interaction, and rich knowledge base. AI can serve as a personalized teacher with an unlimited time span for each student. The high accessibility of online AI provides students with plentiful opportunities to ask questions and receive feedback at any time. Since access to AI chatbots is simple and convenient, it lowers the barriers to seeking help. According to Wilson et al. (2007), the help-seeking barriers are negatively related to students’ action of looking for help. Under this condition, immediate feedback and correction can improve learning with a markedly higher weighted mean (Azevedo & Bernard, 1995). 
Not only for learning new knowledge, due to AI’s wide knowledge and various language adaptations, it naturally becomes as a helpful tool for students to learn other languages. In several key factors of learning new knowledge: input processing, intake, interlanguage development, output processing, and monitoring (Ellis, 2005), AI can provide comprehensive and sophisticated help, especially in input processing, output processing, and monitoring. For instance, AI can evaluate the levels of new language learners and arrange appropriate resources for them. Furthermore, the powerful AI voice mode can imitate human voices and instantly interact with users, which can be regarded as an effective and economical approach to process output and receive feedback. 
With such powerful tools, students should neither totally reject it nor blindly use it.  Since offloading cognitive labor is not inherently harmful, current students should learn when to rely on AI properly and when to think independently. Students could transfer their routine and repetitive cognitive tasks to AI, such as building schedules, organizing information, and searching for information or explanations. The active interaction with AI, including providing sufficient context, clear prompts, and feedback, can enhance its accuracy and performance in fulfilling requirements or providing answers (Lin, 2023).  While browsing the information provided by AI, they should be aware of the possibility of misleading information, preserving caution and checking manually. On the other hand, tasks such as essay writing and finishing assignments that require human creativity or aim at reinforcing learned knowledge are better completed independently by students. Since their brains have a high degree of plasticity, constant practice can shape neural systems (Tymofiyeva & Gaschler, 2021). By processing cognitive tasks by themselves, their memories of learned knowledge would be strengthened, and executive functions can be developed. 
In conclusion, the integration of AI into students’ study can be perceived as a trade-off between cognitive resources and cognitive engagement. Using AI may replace individual cognitive labor to some extent, which can either eliminate students’ brains’ capacities for memory and critical thinking, or improve learning performance and efficiency. It represents a fundamental change in study for current students. The key is to cope with this new learning situation wisely: using AI properly rather than simply delegating their cognitive labor to it.
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