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Abstract—In this article, the unprecedented popularity of Chat GPT is acknowledged, generating positive interest but also raising concerns about AI's potential to replace humans. Despite factual mistakes and hallucinations, Chat GPT's enduring presence is emphasized, acknowledged with the record-breaking sales growth and Generative AI market projected almost 50% YoY growth. Amid controversies, particularly in education with New York City Public Schools banning its use due to concerns over cheating and setback of critical thinking and problem-solving skills development, the author advocates for incorporating Chat GPT into the learning process. The article proposes an "upgrade" of a Class designed in 2016, reinforcing the usage of mental models as the cognitive framework for effective prompt formulation. By effectively using Chat GPT in their Class assignment students will master its use for any given task, simultaneously enforcing their information literacy and critical thinking skills.
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Introduction
The very dawn of modern Artificial Intelligence (AI) is considered The Dartmouth Summer Research Project in 1956 when four „founding fathers“: John McCarthy, Marvin Minsky, Nathaniel Rochester and Claude Shannon defined AI as the problem of “making a machine behave in ways that would be termed intelligent if a human being behaved like this” [1]. Since then, with the rising popularity of various life-saving medical devices and the self-driving feature in the new electric vehicles in 2022, the global industry with a global market size valued at USD 454.12 billion become significant. This global market size is measured by hardware, software and services offerings in the area of Machine Learning, Natural Language Processing, Context-Aware Computing and Computer Vision [2]. 
[bookmark: _Hlk149574702]Research domains 
In the early 21st century, Artificial Intelligence gained significant importance across various fields, including engineering, science, education, medicine, business, accounting, finance, marketing, economics, stock market and law [3]. This work targeted at new entrants to the artificial intelligence field, is backed by 164 valuable references. It also categorizes and summarizes findings in the main research domains of the early years of the 21st century. Domains of belief revision, expert systems, artificial life, data mining, genetic algorithms, theory of computation, theorem proving, programming, expert systems, knowledge representation, reasoning, natural language understanding and machine learning. According to [4] the inaugural editorial of “Discover Artificial Intelligence Journal”, the first two decades of the 21st century were profoundly impacted by disruptive advances in technology, especially in AI, with its significant breakthrough achieved through the maturity of Deep Learning. For a contemporary perspective and reflections on the future of AI, consider “Quo vadis artificial intelligence?” [5].
Growth of scientific publications, but the industry is leading the AI race
The Stanford Institute for Human-Centered Artificial Intelligence confirmed the staggering growth of scientific publications on AI. This growth doubled in the last decade, from 162,444 in 2010 to 334,497 in 2021. The most popular AI categories were in the domains of pattern recognition, machine learning, and algorithms [6]. In addition, at the top of the Top 10 key takeaway list is the indication that the industry has taken the lead in the AI race. According to the 2022 report, there were 32 significant industry-produced machine learning models compared to just three produced by academia. Building state-of-the-art AI systems increasingly requires large amounts of data, computer power, and funding - resources that industry actors inherently possess in greater quantities compared to non-profits and academia.
[bookmark: _Hlk149575154]Unpresented popularity of Generative AI
According to a recent Forbs Magazine review article [7] “OpenAI released an early demo of ChatGPT on November 30, 2022, and the chatbot quickly went viral on social media as users shared examples of what it could do. Within five days, the chatbot had attracted over one million users”. According to analysts [8], it has reached 100 million users just two months after launching. By comparison, it took TikTok about nine months and Instagram more than two years.
Peril of Generative AI
This worldwide presence and popularity generated positive interest but also a myriad of questions, generally speculating that AI could even lead to human extinction [9]. The hype was so big, that even two top AI scientists, OpenAI CEO Sam Altman and Google DeepMind CEO Demis Hassabis [10] publicly urged caution. Altman openly acknowledged that he was a little bit scared [11]. This resulted in An Open Letter public petition sent on March 22, to all AI labs requesting an immediate pause of at least 6 months in the training of AI systems more powerful than GPT-4. [12]. It was signed among others by Elon Musk, Steve Wozniak, Yuval Noah Harari and several thousand influential scientists. Historian and philosopher Yuval Noah Harari said that storytelling computers will, not may (sic!), change the course of human history [13].
Promise of Generative AI
It did not stop the Generative AI race, especially as the industry starting to understand its potential. Its market size was valued at USD 29.00 billion in 2022, and the market is projected to grow from USD 43.87 billion in 2023 to USD 667.96 billion by 2030, exhibiting a CAGR of 47.5% during the forecast period [14]. The World Economic Forum estimated a huge economic potential for the application of Generative AI, predicting it could add trillions of dollars to the global economy [15]. A recent McKinsey report [16] points out that about 75% of the value that generative AI could deliver falls across four areas: customer operations, marketing and sales, software engineering, and R&D. For these areas, 63 highly likely use cases are proposed across 16 business functions. Similar positive sentiment is also shown in the Gartner Martech Survey of industry marketing leaders, revealing that 63% of them are planning to invest in generative AI in the next 24 months with slightly more than half (56%) seeing greater reward than risk in generative AI [17]. Upon writing this article, a record-breaking Chat GPT sales growth was reported, putting it on track for a $1.3B valuation [18].
Despite “true purpose”, mistakes and hallucinations – it is here to stay
The general tone of Chat GPT’s first appearance was very positive, somewhat euphoric [19], [20], [21] mixed with numerous warnings about mistakes it may produce [22], [23], [23]. On the negative side, many “AI will replace humans” concerns appeared, because even current versions were capable of passing the Turing test[footnoteRef:1] , so people will not be able to distinguish machines from humans - i.e., machines could replace people in the near future. In the summer of 2022, Google announced that their Generative LLM LaMDA passed the Turing test [24]. Public controversy over the interrogator asking biased questions, and a fundamental aspect of the test itself, have shaken the whole concept of the Turing test. It is now commonly viewed as a deception of humans, rather than a proof of true intelligence.  [1:  In 1950, the British mathematician Alan Turing proposed a test to determine whether a machine could think like a human. This became a widely known and accepted method for evaluating a machine’s ability to exhibit intelligent behavior that is indistinguishable from a human.] 

This, among the rest, motivated scientists from all around the globe to conduct numerous researches on better understanding of the Generative AI capabilities, especially its hallucination phenomena. Hallucination in AI, a known issue from the early days of Neural Machine Translation systems [25], “… refers to the generation of outputs that may sound plausible but are either factually incorrect or unrelated to the given context. These outputs often emerge from the AI model's inherent biases, lack of real-world understanding, or training data limitations. … In other words, the AI system "hallucinates" information that it has not been explicitly trained on, leading to unreliable or misleading responses” [26].
A recent Nature survey “AI and science: what 1,600 researchers think” confirmed that research topics about AI or machine-learning terms have risen to around 8% in the Scopus citation base [21], and that 25% of all those articles belong to the Computer science domain. The article reiterates that researchers have repeatedly warned that the naive use of AI tools in science can lead to mistakes, false positives and irreproducible findings — potentially wasting scientific time and effort. The potential for AI to be used to spread misinformation was the most worrying prospect for the researchers, with two-thirds saying they were ‘extremely’ or ‘very’ concerned by it. Automated AI weapons and AI-assisted surveillance were also high on the list. Many researchers, however, said AI and LLMs were here to stay, concluding that scientists now have to focus on how to make sure that it brings more benefits than issues.
Impact on the future of work and employee reskilling
The first driver of change was the three years of the pandemic, after which employees wanted more flexibility and a better work-life balance [27]. Nowadays, it is not a question of choice [28], as companies are changing the way they work [29], and society itself is undergoing change [30]. The McKinsey Center for Government estimated that during the pandemic (2019-22), the US labour market saw 8.6 million occupational shifts, 50 percent more than in the previous three-year period. Further on, it estimated that up to 30 percent of hours currently worked could be automated with Generative AI by 2030, leaving an additional 12 million occupational transitions [31]. WEF Whitepaper “Jobs of Tomorrow”, predicts that 23% of global jobs will change in the next five years, due to industry transformation, including through AI and other text, image and voice processing technologies [32]. With as much as 62% of total work time involving language-based tasks, the widespread adoption of LLMs, could significantly impact a broad spectrum of job roles [33].
Not directly related to Generative AI, but in the EU, currently more than three-quarters of companies have difficulties finding workers with the necessary (digital) skills, while only 37% of adults undertake training on a regular basis [34]. That is why the European Commission declared 2023 as the European Year of Skills, with a target of at least 60% of adults in training every year, and at least 78% in employment [35]. As Europe has fallen behind China, the US and the UK when it comes to AI skills, twenty leading organizations now intend to reduce the AI skills gap within the next four years by taking part in Erasmus+ project led by DIGITALEUROPE [36].
AI and Education
There is quite a long history of technology usage in education [37], together with the teachers’ adoption and resistance [38], [39]; therefore, three areas of AI adoption in education were identified very fast: Automation of administrative tasks, Development of smart content and Intelligent tutoring systems. The last area of research, the concept of tutoring, has been the goal of AI researchers since the 1970s and 1980s [40]. An excellent literature review on the AI in higher education can be found in [41].
Hype of Generative AI in education
One of the first Chat GPT public “discoveries” in late 2022 was that it is capable of writing excellent school essays [42], which raised concern over students’ homework and the increased danger of plagiarism [43]. Thus, at the beginning of 2023 quite a lot of schools, primarily in the USA and Australia, banned the use of Chat GP both in school and for home use [44], [45]; raising the concern about both ethical and pedagogical issues [46], [47]. It did not slow down its usage in education, on the contrary, a recent survey revealed that nearly 89% of American college students use Chat GPT to complete homework tasks, with 53% using the tool for writing papers. Additionally, 48% of students use Chat GPT during exams and 22% use Chat GPT to generate paper outlines [48]. A very comprehensive literature review and analysis can be found in [49].
Guidance for Generative AI in education
The general opinion is that students’ excessive dependence on Generative AI has a long-term negative impact, gradually causing them to lose their ability to think critically, explore, verify, and summarize actively. If this trend continues, it will greatly affect students’ learning outcomes and development [50]. However, the adoption of new, popular and useful technology cannot be banned, so there are myriad examples of its use in education. From high-class universities such as Harvard teaching Intro to Computers Science [51], across engineering education [52], chemical engineering [53], new models of learning [54], numerous revealing journal articles [55], [56], [57], Joint European High Educational Institutions, [58], to UNESCO [59].

Teaching Information Literacy and Critical Thinking
Information literacy and critical thinking skills are the cornerstone of the twenty-first-century skill set and should be integrated into the curriculum [60]. As they share many common goals, and are taken in their strong sense, information literacy and critical thinking conceptions show a high degree of overlap, thus “engagement across disciplinary lines could offer an enrichment to both concepts” [61]. 
“Fundamentally, critical thinking involves the systematic and appropriate exploration and evaluation of ideas for the purpose of making a decision or forming an opinion on a topic or problem. Information literacy competencies are tightly intertwined with critical thinking, as information literacy requires students to develop an appropriate research question, locate relevant information, evaluate it, apply it to their question, and communicate the results” [62]. 
Teaching experience
Upon becoming a college teacher, the author is constantly “evangelizing” the development of graduates’ generic skills, as permanent students’ value in an era of everchanging circumstances, especially among information technology students [63]. As information literacy and critical thinking skills are prerequisites for their personal development, the author had the opportunity to propose such a formal class in 2016 [64], where much more formal approach and course design elements are elaborated. Apart from building information literacy and critical thinking skills the article confirmed improvement in 20 additional skills and competences in generations of freshmen undergraduate students of Information technology, Zagreb University of Applied Sciences, generations of 2016/17 and 2017/18. As the global COVID 19 pandemic began and all the education went online, the class setup experienced significant changes. First in design, and definitely in delivery practice. But the feedback from those three generations (2019/20 to 2021/22) was comparable to the original ones, or even better [65]. 
The phenomena that inspired the first setting, peculiar leitmotif, were fake news, its rising popularity during the US election in 2026 and former president Trump’s bending the truth. For the second setup, the extreme availability of information on how to behave in the pandemic circumstances, received even better feedback from the students, because they were really motivated to understand what is happening and how to protect themselves and their elderly loved ones.
Motif for class upgrade
There is certainly no better motivation for this “upgrade” than the ubiquitous popularity and availability of Generative AI, Chat GPT in particular. The second one is the public warning from Jenna Lyle, the deputy press secretary of the NYC Department of Education. When on January 5th 2023, Chat GPT was banned in New York City Public Schools, due to “concerns of over cheating and that the tool doesn’t help build critical-thinking and problem-solving skills” [45].
[bookmark: _Hlk149579400]A simplified model of student engagement in the delivery part of the Course, also described in [64] is shown in Fig 1. Each student is randomly assigned to a Team of 6, each assigned a unique team role; gradually, week after week, doing their assigned part, building up an essay from a randomly assigned theme given at the beginning of their assignment. By working step by step, they understand all the incidental challenges and get actual experience where are all the weak spots to produce credible outcomes are. No student is left behind because in each phase, different members of the team present their own results in front of other students, who are actively challenging presented work. 
[image: ]
Simplified delivery model of original Course students assignment
Mostly they use Google as the dominant information source, and they were taught to use SUNY University CRAAP evaluation method introduced in [66]. 
Design changes caused by the occurrence of Chat GPT
The first and almost necessary change is finishing the work in a written format (essay) because they will be tempted to “use” Chat GPT[footnoteRef:2], one way or another. To teach them how to “properly” use it, a valuation of its possibilities was conducted[footnoteRef:3]. [2:  In this analysis, because of wide availability specifically Chat GTP-3.5 was considered, unless indicated differently.]  [3:  It was conducted by the author in period of July through mid-September 2023, in context of Chat GPT usage in a process described in Fig.1. There was no scientific research carried out, but analysis of quite a lot of best practices form blogs and on-line magazine articles, combined with scientific findings from distinguished journals, part of them quoted in this paper.] 

Secondly, an analysis of its strengths and weaknesses was conceived in the same manner. Wherever possible they were compared with human reasoning patterns to further widen the perspective and decide on proper usage. Whether to use it almost unconditionally, use it with care, or not use it at all[footnoteRef:4].  [4:  Excellent example of this approach can be found in article to consider reading, Challenges and Applications of Large Language Models [65], with detail elaboration of open problems and application successes of today’s LLMs.] 

“In short, Chat GPT-3 is a language model: a statistical model that calculates the probability distribution over a sequence of words. In other words, GPT-3 is a system for guessing which text comes next when text is given as an input … it is based on NLP, a branch of AI that focuses on the use of natural human language for various computing applications. NLP is a broad category that encompasses many different types of language processing tasks, including sentiment analysis, speech recognition, machine translation, text generation, and text summarization, to name but a few” [67]. Its Large Language Model, named Generative Pre-Trained Transformer, was developed by both profit and non-profit research laboratory OpenAI and publicly released in December 2020. It is developed mainly using information that is publicly available on the internet, information licensed by third parties, and information that users or OpenAI human trainers provide [68]. Public information is sourced primarily from Wikipedia, books, news articles, scientific journals, etc. The dataset only went up to 2021, meaning that it lacks information on more recent events [69].
By its definition, it is reasonable to conclude what would be Chat GPT strengths – generating text (or other language-based outputs), based on Internet available general information, with accuracy up to 2021. Being aware of LLM’s “tendency” for hallucination, i.e. fabricating information, and checking of facts should be of most importance, especially if they are or should be taken as an assumption.
Reasoning
Humans possess the power of reasoning - the ability of the mind to think and understand things in a logical way [70]. Distinctions have been proposed between two systems of reasoning for centuries. One system is associative because its computations reflect similar structures and relations of temporal contiguity. The other is "rule-based" because it operates on symbolic structures that have logical content and variables and because its computations have the properties that are normally assigned to rules. The systems serve complementary functions and can simultaneously generate different solutions to a reasoning problem [71]. Based just on this quote, written long before LLM-powered AI, it is again, very reasonable to conclude that Chat GPT would have strong associative reasoning capabilities, and the rule-based i.e. logical ones should be investigated furtherly. Recent research finds that current LLMs, even have similar behaviour to humans in the perspectives of heuristics, biases, and other decision effects [72]. Presumably, these effects can be found in the public information LLMs are fed. 
Logical reasoning, which is not embedded in a model, is going to be enhanced. Microsoft unveiled a new AI training method called the Algorithm of Thoughts, designed to make large language models like Chat GPT more efficient and human-like in their reasoning abilities [73]. A great scientific overview of recent developments in LLMs, their shortcomings in problem-solving techniques, and the proposal of AoT algorithm are elaborated in [74]. This lack of logical abilities is elaborated in detail in [75], showing that both Chat GPT-3 and 4 on established benchmarks like LogiQA and ReClor perform significantly lower when handling newly released like AR-LSAT and out-of-distribution datasets.
On contrary, Chat GPT 3 ability to reason about novel problems in zero-shot, without any direct training, fully reveals LLM strong side. In human cognition, this capacity is closely tied to an ability to reason by analogy. A direct comparison between human reasoners and the text-davinci-003 variant of GPT-3, on a range of analogical tasks, reveals a surprisingly strong capacity for abstract pattern induction, matching or even surpassing human capabilities in most settings [76].
Prompting
One of the most important terms in testing the abilities of Chat GPT, and other LLMs, is a question of reiteration. As noticed above, its analogical capabilities are satisfactory in zero-shot attempts. This means that the answers are good enough to be directly passed to some application, eliminating the human interface. On the other side, for rule-based reasoning, a Chain of thought (CoT) prompting is recommended. Technique for eliciting complex multi-step reasoning through step-by-step answer examples, achieved state-of-the-art performances in arithmetic and symbolic reasoning, difficult system-2 tasks that do not follow the standard scaling laws for LLMs [77]. The technique is becoming so popular, even developing a brand new specialization – a prompt engineer. A practice of designing inputs for generative AI tools that will produce optimal outputs [78]. Practically out of nowhere, myriad of “how to prompt” classes, blogs, and YouTube lectures are produced on a daily basis, for teachers as well [79]. The scientific community joined the wagon, because prompt engineering has become an important research area on how humans interface with AI [80], [81]. Developing methods for improving its reliability in key facets - generalizability, fairness, calibration, and factuality [82]. 
On practical, everyday use, of common, non-LLM trained experts, the increasing use of mental models arose. Like this one, with useful examples of Chat GPT prompts to elevate specific decision-making capabilities [83].
Mental models
Mental models are constructs used not only for language-related processes but in cognitive psychology in general [84]. According to [85] “it is widely accepted in the cognitive science and psychology literature that people develop and use internal representations, i.e., 'mental models', of external reality that allow them to interact with the world [86], [87]. … People’s ability to represent the world accurately, however, is always limited and unique to each individual. Mental models are therefore characterized as incomplete representations of reality. They are also regarded as inconsistent representations because they are context-dependent and may change according to the situation in which they are used. In essence, mental models have to be highly dynamic models to adapt to continually changing circumstances and to evolve over time through learning. ... They are heavily used both in Science and Education (for example dot-and-cross version of the Lewis-Kossel model of the atom, or the analogy 'the atom as the solar planetary system'), that they have become 'the dominant way of thinking' in chemistry” [88]. Somewhat more important is a conclusion from [89] that mental models are key to our reasoning: “Human reasoning is not simple, neat, and impeccable. It is not akin to a proof in logic. Instead, it draws no clear distinction between deduction, induction, and abduction, because it tends to exploit what we know. Reasoning is more a simulation of the world fleshed out with all our relevant knowledge than a formal manipulation of the logical skeletons of sentences. We build mental models, which represent distinct possibilities, or that unfold in time in a kinematic sequence, and we base our conclusions on them”.
So, teaching students to build their own models of phenomena they need to understand, will help them develop their own reasoning systems and prepare practical model/ tool for prompting Chat GPT for further analysis.
Generative AI and mental models
According to MIT Sloan Teaching & Learning Technologies blog “Effective Prompts for AI: The Essentials”: “To simplify, the way you frame prompts shapes the AI’s output. This art of refining prompts is termed prompt engineering, which 'involves selecting the right words, phrases, symbols, and formats' to get the best possible result from AI models” [91]. Given that context, consider these three strategies for prompt engineering: First, provide the context. Second, be specific, and third, build on the conversation [90]. Both to provide context and use specific words and phrases, a mental model should be built first, to somehow capture the phenomena/problem students are addressing and to easily “present it” to Chat GPT. 
In the process of building a mental model as the cognitive framework for effective prompt formulation, students can rely on Chat GPT assistance as well. The first step they should do by themselves should be to precisely identify objectives, and then break down the concept into key subtopics or components. As Chat GPT is good with the second step, they can heavily rely on its help. Next is to organize subtopics into logical hierarchy, and again they can use Chat GPT/ Bing to ensure each subtopic’s relevance and clarity. After being satisfied with the model, and getting positive reviews from a teacher and other students they can use it for prompt formulation to prepare themselves for the debate.
An additional benefit of using mental models could be a strategy to use known models/principles, and when appropriate, advise Chat GPT to take them in consideration. For instance, in the example of using prompts for decision-making, the standard Systems Thinking approach can be invoked with the prompt: "Use systems thinking to analyse my decision below. View the decision as a part of a larger and interconnected system and identify the key variables from the decision that will affect the wider system. [insert decision]”[83].
Redesigned Course 
That is the main reason why the redesigned Course will put much more emphasis on mental models. During lectures, there will be some sessions about Mental Models as learning and reasoning facilities, with an overview of known models as elaborated in [92]. Of course, the introduction lecture of the practical part will be “The Good the Bad and the Ugly of Chat GPT”, with an overview and best practices of its usage, parallel to the already known practice of other forms of information retrieval and valuation. Additionally enforced with methods for fact-checking, using the same CRAAP approach. The new iterative part will be building a mental model of the produced hypothesis within a constructed context. By doing this loop, using Chat GPT and its ability to summarise, synthetize, and provide top dimensions and their attributes of a given problem, within the imposed context and constantly validating output, students will both learn a new way to construct mental models, together with a collection of new information, facts and concepts that will help them to prepare their stance for debate. And they can “rehearse” their debate with Chat GPT as well. A new, improved model of a Course student assignment is shown in Fig. 2.
[image: ]
Redefined delivery model of Course students assignment 
The debate is a second, even bigger change in the final delivery mechanism. Instead of presenting to other students and writing a final essay, students will prepare and deliver a debate on the hypothesis they develop during the course.
Debate
From the announcement of the debate, as a learning activity for the end of their assignment, a significant emotional element in the students learning process is introduced. Both organizational scholars and neuroscientists suggest that when people are more emotionally engaged, they learn more effectively [93]. “And debate itself is an interesting active learning technique. Debate is an ancient endeavour, having long provided training in communication, and can provide many benefits to students, including reduction of instructor and/or student bias, enhancement of library research skills, stimulation of critical and logical thinking, advancement of public speaking and communication skills, and motivation of student learning” [94]. “A substantial benefit of debate as a learning practice is consider-the-opposite strategy in which students argue a position contrary to their current opinion, which may eliminate their already biased assumptions” [95]. 
As the debate is not common practice in Croatian HE, as well as the usage of AI, it will certainly bring enough interest and motivation for students.
Final remarks
At the time of submitting this article, a new class of 60 students enrolled, and upon introduction of the lectures and their assignment, they showed considerable excitement. In a pre-course survey, they confirmed 98,3% (all but one), are using Chat GPT, mainly for personal use (73,5%), the rest for their business and/or University purposes. Although the majority (54,8%) is just exploring options, the rest are exploring some specifics and/or using them for known purposes. As a group they are quite homogenous, only 8 of them (13,3%) are without work experience and only 2 have permanent jobs. The rest have mainly a year (60,0%) or up to three years (22,2%) working experience. They are all enrolled as a freshman to study Information Technologies at Zagreb University of Applied Sciences.
In the end, as the author felt obliged to reinforce an Information Literacy and Critical Thinking Skills Class upon the upsurge of Generative AI, especially Chat GPT; so did the European Commission. The importance of building and nurturing critical awareness and ethical engagement with AI-driven systems is reinforced in the new, revised Digital Competence Framework for Citizens, DigComp 2.2 [96].
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