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Abstract: This paper examines the performance of generative artificial intelligence models
(OpenAl ChatGPT, Google Gemini, Microsoft Copilot) on the Test of Economic Literacy and
compares their results with those of U.S. and Slovenian secondary school students. The study
aims to assess whether Al systems demonstrate comparable or even superior levels of economic
knowledge and to explore potential language-related differences in test performance.
Descriptive statistics and item-level analysis are used to identify patterns and inconsistencies
across languages when comparing Al test-takers and secondary students. Results show that Al
models achieved near-perfect accuracy, while students performed significantly lower on
average. The analysis also highlights differences in the length and explanatory depth of
responses among the Al models. Findings contribute to current debates on assessment validity,
Al use in economic education, and the future of multiple-choice testing in digitally augmented
learning environments. The paper underscores the need for responsible integration of Al into
educational frameworks, safeguarding the credibility of learning and the support for the
sustainable development of economic knowledge.

Keywords: Artificial Intelligence, Al Chatbots, Economic Literacy, Assessment, Economics
Education.

1 Introduction

In the evolving educational landscape, the integration of technology has become
essential for supporting effective learning, particularly in economics, where complex concepts
often challenge students, and traditional teaching methods may not fully address individual
learning needs or sustain active engagement. Artificial intelligence (Al) chatbots have rapidly
become a prominent subject of empirical investigation across disciplines, including economics,
education, and management. Recent studies demonstrate that models such as ChatGPT can
successfully complete standardized academic and professional assessments, raising important
questions about the nature of knowledge measurement and the future role of traditional testing
instruments (Geerling et al., 2023; Hultberg et al., 2024; Brose, Spielmann & Tode, 2025).
While much of the existing literature focuses on higher education or professional certification
exams, comparatively little attention has been paid to secondary-level assessments and to cross-
linguistic dimensions of Al economics test performance.

Multiple studies (Jappelli, 2010; McCowage & Dwyer, 2022) emphasize that economic
literacy extends beyond the mastery of financial concepts and also encompasses an
understanding of macroeconomic phenomena such as inflation, economic growth,
unemployment, and public finance. Miigge (2016) argues that citizens’ comprehension of
macroeconomic concepts is essential, as it enables them to critically evaluate political claims
about economic performance. Such knowledge is fundamental to the functioning of a
democracy, since “economically literate” citizens are better equipped to participate in public
debates and to form well-reasoned political preferences (Evans, 2015). As a result, standardized
instruments designed to measure economic knowledge have long played an important role in
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economics education research and educational evaluation. Among these instruments, the Test
of Economic Literacy (TEL) developed by the National Council on Economic Education
provides a psychometrically sound instrument aligned with widely accepted content standards
and has been extensively used to assess students’ understanding of core economic concepts at
the secondary education level (Walstad, Rebeck & Butters, 2013). Recent evidence that Al
chatbots can perform at or above student level on economics tests challenges the interpretive
meaning of such assessments. If Al systems can reproduce high scores on standardized
instruments, it creates substantial pressure on long-standing assessment practices. One key
consequence is that instructors may need to rethink their curriculum in at least three possible
directions: bringing back supervised, in-person exams, integrating chatbot-supported learning
activities, or expanding experiential, real-world projects that Al cannot easily imitate (Geerling
et al., 2023). At the same time, students can, and arguably should, select and use appropriate
chatbots to deepen their understanding of economic concepts and reasoning. Al-empowered
economics education can not only enhance teaching quality but also drive innovations in this
field. Wan et al. (2025) emphasize that reforms in economics education are necessary because
traditional teaching approaches no longer adequately reflect the growing role of data,
algorithms, and Al in modern economics.

Existing research has largely focused on English-language assessments at the tertiary
education level. Cross-linguistic analyses remain rare — Wood et al. (2023) found that ChatGPT
scores much higher when the exam is given in English than when it is given in a different
language. The present study contributes to this emerging literature by evaluating the
performance of commonly used OpenAl ChatGPT, Google Gemini and Microsoft Copilot on
the TEL4 and by comparing Al-generated results with empirical data from U.S. and Slovenian
secondary school students. In doing so, the paper provides empirical evidence relevant to
ongoing debates on assessment validity and Al integration in education systems. By
administering both the original English version and a methodologically adapted Slovenian
version of the TEL4, the study also examines whether language context influences Al
performance. Given that language plays a central role in both human cognition and Al model
training, examining Al performance across different language versions of the same test
represents an important identified research gap. Also, evidence from secondary education
contexts is still limited.

1.1 Literature Review

Economic literacy is commonly defined as the ability to understand fundamental
economic concepts and apply them to everyday decision-making situations. Inquiries in
economics education have consistently emphasized its importance for individual welfare and
societal functioning. At the secondary education level, economic literacy is shaped by
curricular exposure, instructional practices, and institutional context, making reliable
measurement particularly important. Standardized tests have played a key role in evaluating
economic knowledge across different populations. The fourth edition (TEL4) of the Test of
Economic Literacy reflects updated economic concepts and has been used in numerous national
and international studies to compare student performance across school types and educational
systems (Walstad, Rebeck & Butters, 2013). Prior research has demonstrated that TEL-based
instruments show acceptable reliability and construct validity when applied to secondary
school populations (Walstad & Watts, 2015). However, these validation efforts largely predate
the widespread availability of advanced Al systems capable of generating contextually
appropriate responses to multiple-choice questions. The emergence of Al chatbots therefore
introduces a new dimension to the use and interpretation of standardized test results. A growing
body of literature has examined the performance of Al chatbots on academic assessments.
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Geerling et al. (2023) report that ChatGPT achieved high scores on the Test of Understanding
in College Economics (TUCE), outperforming the average university student. Similar findings
have been reported for examinations in medicine, law, and business, suggesting that the latest
Al updates possess extensive domain knowledge encoded through large-scale training data and
capability to solve multiple-choice tests (Newton & Xiromeriti, 2024). Importantly, these
studies treat Al systems as test-taking agents rather than instructional tools. The primary focus
is on score comparability, response patterns, and item-level performance rather than
pedagogical effectiveness. This approach however provides a useful framework for evaluating
the implications of Al for assessment validity, particularly when standardized instruments are
used for high-stakes decisions.

OpenAl ChatGPT, Google Gemini, and Microsoft Copilot are large language model—
based Al systems designed to generate human-like text and support knowledge-intensive tasks.
ChatGPT, developed by OpenAl, is a generative transformer-based model trained on a mixture
of licensed data, human-created content, and publicly available text, enabling it to perform
complex reasoning, explanation, and problem-solving tasks across a wide range of domains.
Gemini is a multimodal large language model developed by Google, designed to integrate text-
based reasoning with advanced contextual understanding and to support analytical tasks
through large-scale data. Microsoft Copilot is an Al-powered assistant embedded within
Microsoft’s ecosystem, leveraging large language models to assist users in information
retrieval, reasoning, and productivity-related tasks. Although these systems differ in
architecture, deployment environments, and optimization objectives, all three rely on
probabilistic language generation and have demonstrated the capacity to perform domain-
specific cognitive tasks, making them suitable subjects for comparative assessment using
standardized instruments such as the Test of Economic Literacy (TEL4).

Traditional lecture-based approaches in economics education are often characterized by
limited interactivity and poor student engagement, whereas the integration of Al through
educational reforms can address these shortcomings by providing a more interactive, practical,
and dynamically responsive learning experience (Davar, Dewan & Zhang, 2025; Wan et al.,
2025). ChatGPT and other Al chatbots have the potential to transform education by providing
instant, accessible support for learning and research, shifting the focus from memorization to
logical thinking and conceptual understanding, thereby enhancing cognitive, creative, and
problem-solving skills (Pittner, Romih & Polanc¢i¢, 2023). However, overreliance on this
technology could lead to a decline in these very skills, making balanced integration essential
for developing competent young people. Empirical evidence indicates that students generally
perceive Al systems as useful and motivating, particularly as personalized assistants that
provide immediate feedback and support for academic tasks; however, concerns persist
regarding the accuracy and reliability of Al-generated outputs and their potential effects on
critical thinking, learning discipline, and deeper conceptual understanding (Schei, Mggelvang
& Ludvigsen, 2024). While Al chatbots offer opportunities for personalized and adaptive
learning, they cannot fully replicate essential dimensions of personal teaching, such as
mentorship, emotional support, and pedagogical judgment, underscoring the continued
centrality of educators in the learning process (Labadze, Grigolia & Machaidze, 2023). Digital
platforms, Al-enhanced personalized learning improve accessibility and engagement, and it is
important to develop a flexible curriculum aligned with ongoing transformations to strengthen
students’ adaptability to evolving economic environments (Nezhyva, Mysiuk & Zaremba,
2022; Konc, 2025). In the context of economics education, this transformation aligns with
broader shifts toward data-intensive and computational approaches, which require students to
combine solid foundational knowledge with innovative and analytical capacities (Hao &
Zhang, 2025). Given that economics graduates are likely to enter occupations with above-
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average exposure to Al, integrating Al literacy and complementary skill development into
curricula is increasingly viewed as essential for preparing students for an Al-augmented labour
market (Oschinski, Spielmann & Subbu-Rathinam, 2025). In economics education, Al can help
enhance values such as analytical thinking and decision-making skills by offering simulations,
predictive models, and scenario-based learning. Using Al to generate and enhance case studies
offers a powerful instructional tool in economics education by significantly reducing the time
required to develop high-quality, practice-oriented learning materials, while enabling
instructors to tailor cases to specific learning objectives and student groups (Byrd, 2025). Al-
supported case studies facilitate active, student-centred learning by allowing students to apply
economic concepts to realistic scenarios, engage in fruitful discussion, and explore alternative
outcomes through simulations.

Nevertheless, addressing the challenges that ChatGPT poses to academic integrity
requires a reconsideration of current assessment practices, particularly in relation to multiple-
choice question (MCQ) based testing. MCQs are widely used in online examinations, a context
in which academic misconduct was already a significant concern prior to the emergence of
generative artificial intelligence. One possible response is to move away from strictly closed-
book examinations and to permit the use of Al tools such as ChatGPT, thereby aligning
assessment more closely with real-world professional environments in which graduates are
increasingly expected to use such technologies. But this approach does not diminish the
importance of foundational knowledge, which remains essential for critically formulating
questions, evaluating outputs, and interpreting Al-generated responses. The assessment of
basic and core economic knowledge must be conducted under conditions without direct use of
Al tools. This does not necessarily require traditional in-person written examinations but may
also include supervised practical tasks, oral examinations, presentations, or other real-time
assessment formats that ensure academic integrity (Newton & Xiromeriti, 2024).

2 Methodology
2.1 Experimental setup

The study employs a comparative quantitative research design. Performance on the
TEL4 by three artificial intelligence chatbots (OpenAl ChatGPT, Google Gemini and
Microsoft Copilot) is compared with U.S. data from Walstad, Rebeck and Butters (2013) and
empirical test data obtained from the sample of Slovenian secondary school students (data
collected and analysed by the author of this paper, not yet published). Primary analysis is
conducted at the level of total test scores, individual test items and question-answer content.

Free versions of OpenAl ChatGPT, Google Gemini and Microsoft Copilot were
selected due to their widespread use and accessibility. Each TEL4 item was presented
individually to the Al models, including the question stem and response options. No additional
contextual cues or explanations were provided. Prompts were standardized across chatbots and
languages to minimize variation in input conditions. To ensure consistency, each model
completed the full TEL4 twice getting the same results (on January 8" and 9" 2026), and
responses were recorded precisely. Scoring was conducted using the same answer key applied
to student responses, allowing for direct comparability. The author conducted a new chat
session on each of the three Al chatbots included in this analysis. Provided was one question
from A version of TEL4 at a time, along with its answer choices (example Table 1 below).
While it was generating responses during the chat session, the author did not provide any
feedback or additional information to the Al chatbot.

Although identical test items and scoring were applied, the comparability between Al
chatbots and secondary students is limited and should be interpreted cautiously. Al models do
not engage in cognitive processes such as comprehension, reasoning, or dealing with
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misconceptions. Their responses are generated probabilistically from training data and may
reflect exposure to similar economic content rather than a genuine understanding of economics.
Furthermore, Al is not affected by the same distractors that can influence students’ test
performance.

Table 1. ChatGPT, Copilot, Gemini interface illustrating the question—answer methodology
applied in the study

Question 1
The opportunity cost of a new public high school is the
A. money cost of hiring teachers for the new school.
B. cost of constructing the new school at a later date.
C. change in the annual tax rate to pay for the new school.
D. other goods and services that must be given up for the new school.
ChatGPT response

Correct answer: D.
The opportunity cost of a new public high school is the other goods and services that must be given up to build
and operate it, since resources are limited and could have been used elsewhere.

Copilot response
The best answer is D. other goods and services that must be given up for the new school.
Why? Opportunity cost is the value of the next best alternative that must be sacrificed when a choice is made.
Building a new public high school uses resources—Iabor, land, materials, and money—that could have been
used for something else. Those forgone alternatives are the true opportunity cost.
Options A, B, and C describe financial or budgetary aspects, but they do not capture the full economic concept
of opportunity cost.
If you want, | can walk you through how to spot opportunity cost questions quickly.

Gemini response
The correct answer is D. other goods and services that must be given up for the new school.
Why this is the correct answer
In economics, opportunity cost is defined as the value of the next best alternative that is foregone when a choice
is made. It isn't just about the dollar amount (the "accounting cost"), but rather what else society could have
done with those same resources.
To break down why the other options don't fit the strict definition of opportunity cost:
- A and C: These represent monetary costs or financial outlays. While they quantify the expense, they don't
describe the actual "thing" you are missing out on.
- B: This is simply a different timeline for the same project, not a sacrificed alternative.
- D: This captures the essence of the "trade-off." If a city spends $50 million on a high school, that is $50
million that cannot be spent on new roads, public parks, or healthcare services. Those "lost" goods and services
are the true opportunity cost.

2.2. Sample

This study utilizes results derived from two prior research samples. The first student
sample consists of 3.682 U.S. secondary school students from the study of Walstad, Rebeck
and Butters (2013). The second sample comprises 113 students attending Slovenian general
and economic secondary education schools. The same dataset is employed in a manuscript
currently under review in a Scopus-indexed journal (Konc, under review). For simplicity, we
analysed only results from version A of the TEL4, as the test developers found only minor
differences in measurement characteristics between version A and version B. The Slovenian
version of the test was developed methodologically through a translation, adaptation and
validation process designed to preserve conceptual equivalence with the original English
version, consistent with established guidelines for cross-linguistic assessment instruments. We
deploy two samples to conduct a comparative analysis of the English and Slovenian versions
and to examine potential language-related differences in Al performance.
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3 Results

OpenAl ChatGPT, Google Gemini and Microsoft Copilot achieved near perfect overall
accuracy on the TEL4 (Table 2). However, question 14 seems to cause a problem for Gemini
and Copilot — this question is about the exchange rate between two currencies. After we got
the last response, we asked each chatbot the following question: Do you know where these
questions come from (which test are they from)? Only Gemini knew the right answer, even
stating the correct version of the Test of economic literacy (i.e. 4th).

Table 2. Which Al chatbot is more economically literate?
ChatGPT Copilot Gemini

Question 1
Question 2
Question 3
Question 4
Question 5
Question 6
Question 7
Question 8
Question 9
Question 10
Question 11
Question 12
Question 13
Question 14
Question 15
Question 16
Question 17
Question 18
Question 19
Question 20
Question 21
Question 22
Question 23
Question 24
Question 25
Question 26
Question 27
Question 28
Question 29
Question 30
Question 31
Question 32
Question 33
Question 34
Question 35
Question 36
Question 37
Question 38
Question 39
Question 40
Question 41
Question 42
Question 43
Question 44
Question 45
*Answer incorrect only in Slovene version of the test. Note: For the full text of all 45 questions see the work of
Walstad, Rebeck and Butters (2013).
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Differences in scores between the English and Slovenian versions were not identified,
with Al models basically perform equally on the English version of the test. There were
however noticeable differences in the length and interpretation of the answers. Secondary
students from the U.S. score on average just above 50% and Slovene even less (44%),
indicating substantially weaker performance compared to Al chatbots. This is also presented
in Graph 1 below. These findings suggest that current secondary-level economics curriculum
in those two countries may be insufficiently aligned with the competencies assessed by
standardized test of economic literacy.

Figure 1. Al chatbots vs U.S. and Slovene secondary students
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We also applied the free-marginal Fleiss’ kappa (Fleiss & Cohen, 1973) to assess inter-
rater agreement in responses from the three Al chatbots included in this study. The coefficient
ranges from —1.00 to +1.00, where negative values indicate agreement worse than chance, 0
represents chance-level agreement, and +1.00 denotes perfect agreement. The analysis yielded
a moderate level of inter-chatbot agreement (free-marginal Fleiss’ k = 0.492, Z = 5.72, p <
.001), despite a very high observed agreement rate. The moderate kappa value reflects the
prevalence effect, whereby near-uniform response patterns inflate expected chance agreement.
The accuracy of the Al chatbot’s response is most important, but another notable difference
between the Al models is the variation in how answers are phrased (see Figure 1 again) in the
word count of their responses and the level of verbosity displayed. It should be added that
Gemini added a graphic explanation in addition to the text in some of the answers. To explore
these apparent differences, average wordcounts were calculated. Although the sample size was
limited to the 45 questions of TEL4, the responses in English to the given prompts in these
cases the response showed that ChatGPT was the least talkative (36.0 average words per
question), followed by Copilot (111.9), and then Gemini with times more (331.3). In the
Slovene version, Copilot replaced ChatGPT as the briefest provider (59.8 words). ChatGPT
followed with 113.5 words, while Gemini once again delivered the most prolific responses,
averaging 203.4 words. Whereas ChatGPT and Copilot mainly gave their answer with only a
short explanation, Gemini’s explanations were more exhaustive and also told why other given
answer options to the question are not correct. The observed low similarity in chatbot
responses, despite identical questions and prompting conditions, can be explained by the
stochastic nature of artificial intelligence models, which can yield different outputs for identical
inputs, as well as by structural differences in their underlying neural network architectures
(Kamalov et al., 2025).
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4 Discussion/Conclusion

Recent advances in generative artificial intelligence have established Al chatbots as
versatile educational tools capable of supporting learning through explanation of complex
concepts, instant feedback, and assistance with various academic tasks. At the same time, these
systems are increasingly used by educators for content generation, assessment design, and
analytical support. However, the expanding presence of Al in learning and teaching also raises
important concerns related to ethical use, data protection, and the preservation of academic
integrity. The ability of Al systems to perform well on standardized tests challenges existing
education systems surrounding current assessment practices and the credibility of
certifications. In contrast to traditional plagiarism-detection systems that rely on comparing
student submissions with existing sources, ChatGPT and other Al models are capable of
producing syntactically original text within seconds. Although Al-generated assignments may
achieve adequate formal evaluations, they often do not demonstrate the depth of conceptual
understanding typically expected in higher education and in competitive workplaces.
Moreover, identifying Al-assisted plagiarism remains methodologically challenging, as
generated content does not directly correspond to identifiable source materials. As generative
Al tools increasingly become embedded in academic and educational environments, similarly
to the preceding widespread adoption of calculators and computers in mathematics and science,
schools face the challenge of adapting curriculum and assessment strategies to this evolving
educational landscape.

This study provides empirical evidence on the performance of three mainstream Al
chatbots on a standardized measure of economic literacy at the secondary education level. By
comparing Al and human performance across English and Slovenian versions of the TEL4, the
paper contributes to ongoing discussions on Al, assessment validity, and educational
governance. The findings underscore the need for continued research and policy attention as
Al systems become increasingly capable participants in knowledge assessment environments.
Results of this study align with previous findings indicating that Al models can achieve high
scores on standardized economics assessments (Geerling et al., 2023), and even achieve a
perfect score — this could be due to advances in Al systems' technology and their ability to
answer these kinds of questions. While ChatGPT was the only one answering all the questions
of the test correctly, Google Gemini’s responses were the most detailed and extensive,
sometimes including explanatory graphs or videos. Extending this evidence to the secondary
education level, the present study demonstrates that Al chatbots possess substantial economic
knowledge as measured by the TEL4. From an assessment perspective, these findings raise
questions about the continued validity of standardized multiple-choice instruments as exclusive
measures of students’ competence. If Al systems can reliably get high(er) scores, the
interpretive meaning of test results may be altered, particularly in contexts where assessments
are used for certification or selection. Therefore, educational systems will need to adapt by
integrating innovative assessment methods and using Al as a tool to enhance learning, rather
than viewing it solely as a painful challenge. Our study is limited by its focus on a single test
instrument and a specific two-national context. Future research could extend or explore
alternative assessment formats less susceptible to Al optimization, and also include more,
perhaps less-known Al chatbots.
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