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Abstract: The course, theory of computation, appears in many computer science bachelor’s degree program 

curricula. The course examines mathematical proofs based on strictly defined abstract models of computation. 

Many students who take the course may be accomplished programmers, but they often have limited 

mathematical training. So, when such students attempt the proofs in the course, they may seek help from online 

sources, like YouTube, Quora, and StackExchange. As of late 2022, another source is ChatGPT. A concern is 

that students will use online sources, including ChatGPT, to cheat, to obtain correct answers without learning 

the material. Unlike other online sources, however, ChatGPT enables students to ask questions about specific 

proofs in a conversational style. Consequently, it may be possible that ChatGPT may be used to improve student 

learning, almost like a tutor answering questions about a problem. Moreover, unlike tutors, professors and 

teaching assistants, ChatGPT is available 24/7/365, without an appointment or waiting in line for other students 

asking questions of a single person. Further, since ChatGPT is nonhuman, students may feel more comfortable 

asking “dumb” questions. On the other hand, since ChatGPT is known to hallucinate, perhaps ChatGPT-ing 

could be even worse than googling. This paper poses questions and compares ChatGPT-3.5 answers with 

textbook answers known to be correct.   
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Introduction 

 

This research addresses the problem of how to use ChatGPT in the college course, Theory of Computation 

(TOC). Can ChatGPT be used by students to cheat on homework? Can ChatGPT be used by students as a 

learning aid? Can ChatGPT be used by teachers as a virtual teaching assistant, to write homework problems and 

solution sets? 

 

Theory of Computation is important because it is often a required course for computer science undergraduates. 

It is notoriously complex for students, and challenging for teachers, because it examines mathematical proofs 

based on strictly defined abstract models of computation. Many students who take the course may be 

accomplished programmers, but they often have limited mathematical training.  
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Prior solutions have not always been effective. In the past, when students have gotten stuck attempting to 

demonstrate proofs in the course, or even just attempting to understand the terminology in the course, they have 

sought help from online sources, like YouTube, Quora, and StackExchange. Answers from such sources can 

often be unclear and incorrect. Students continue to search for better sources of accurate information. As of late 

2022, another source has been ChatGPT. Some researchers have reported promising results in teaching 

programming (Yilmaz, 2023). The question is: Would ChatGPT work in learning TOC?  

 

This research attempts to answer such questions. This document reports results from ChatGPT-3.5, given 

prompts derived from homework exercises and homework problems posed by a major TOC textbook (Sipser, 

2013).  

 

Contributions of this paper include (1) concrete documentation of ChatGPT results at a snapshot period in time, 

late October / early November, 2023, and (2) observations on usability of ChatGPT in a specific course, Theory 

of Computation, fall 2023. To date, to the best of the author’s knowledge, no similar research has been 

published.  

 

The rest of this paper is organized as follows. The Method section describes the setup and implementation of the 

experiments. The Results section reports the raw data and summarized quantitative analysis of that data. The 

Discussion section examines the implications of the results. Finally, the Conclusion section recaps this paper’s 

main points.  

 

Method 

Simply put, the author posed questions, prompts, to ChatGPT out of the first three chapters of the textbook 

(Sipser, 2013). The questions posed were answered in the textbook. Since the textbook is a well-known and 

authoritative source on TOC, The ChatGPT answers were compared with the textbook answers.  

 

Note that in reproducing these experiments, measuring results presents a range of limitations and challenges. 

First, ChatGPT as an online tool undergoes frequent modification and enhancement, so it is possible that results 

might vary even from week to week. The raw data, on which this report is based, is as current as possible, as of 

this writing, November 1, 2023. By the time the reader reads these words, it is possible the online tool may have 

been modified to produce slightly different results.  

 

Second, the quality of answers from ChatGPT depends heavily on the sophistication of questions, called 

“prompts”. Efforts have been made to keep the prompt wording as close to the textbook wording as possible. 

However, it is possible that even slight wording changes might yield different answers from ChatGPT.  

 

The raw data is available at the links in the citations (OpenAI, 2023).  
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Results 

Prompts were prepared from each chapter. Only questions that were fairly easy to type were used as prompts. 

Many questions contained sophisticated mathematical notation in either the prompt or the answer or both, so 

those questions were omitted from this study.  

 

Chapter 0: A Simple Proof 

ChatGPT-3.5 produced, correctly, a simple proof from Chapter 0 of the textbook (Sipser, 2013). It proved the 

square root of 2 is irrational. (OpenAI, 2023). Link.  

 

Chapter 1: Proofs About Regular Languages 

ChatGPT-3.5 produced, correctly, a more complicated proof from Chapter 1, problem 1.11 of the textbook 

(Sipser, 2013). It proved that every NFA can be converted to an equivalent one that has a single accept state. 

(OpenAI, 2023). Link. ChatGPT-3.5 also proved, correctly, problem 1.23 from the textbook (Sipser, 2013). 

Specifically: Let B be any language over the alphabet Σ. Prove that B = B+ iff BB ⊆ B. (OpenAI, 2023). Link. 

 

However, ChatGPT-3.5 got 2 out of 3 answers wrong on problem 1.55 from the textbook (Sipser, 2013). 

(OpenAI, 2023). Link. The textbook answers are (a) 4, (b) 1, and (d) 3. ChatGPT-3.5 answered (a) 2, (b) 1 and 

(d) 2.  

 

 

Figure 1: Prompt for textbook problem 1.55 (Sipser, 2023) 

 

Chapter 2: Proofs About Context-free Languages 

ChatGPT-3.5 answered three descriptive questions correctly. (See Figure 1.) When presented a context-free 

grammar (CFG) in problem 2.3, it was able to answer the questions, a. What are the variables of G? b. What are 

the terminals of G? And c. Which is the start variable of G?  

https://chat.openai.com/share/5e00f3c4-2023-4f95-9bee-eb4770532b6f
https://chat.openai.com/share/5e00f3c4-2023-4f95-9bee-eb4770532b6f
https://chat.openai.com/share/5e00f3c4-2023-4f95-9bee-eb4770532b6f
https://chat.openai.com/share/5e00f3c4-2023-4f95-9bee-eb4770532b6f
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However, ChatGPT-3.5 only answered correctly 7 out of 9 of the True/False questions regarding yields and 

derivations. (OpenAI, 2023). Link. See Table 1. Note: random chance would yield 50% correct answers. See 

Figure 2 for the prompt.  

 

 

Figure 2: Prompt for textbook problem 2.3 (Sipser, 2013) 

 

 

Figure 3: Prompt for textbook problem 3.5 (Sipser, 2013) 

 

 

https://chat.openai.com/c/aaf421f3-a6fd-4c2a-91e7-ad7530456b57
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Chapter 3: Proofs About Turing Machines  

ChatGPT-3.5 answered 75% of True / Fales sub-questions of problem 3.5 incorrectly. The textbook answers 

indicate, (a) Yes, (b) No, (c) Yes, and (d) No. ChatGPT answered, (a) Yes, (b) Yes, (c) No, and (d) Yes. Again, 

note that random chance would yield 50% correct answers on average. (OpenAI, 2023). Link. See Figure 3.  

 

General Questions: Challenging ChatGPT 

Could ChatGPT-3.5 be used to acquire a general understanding of TOC? The author posed fundamental 

questions about regular languages and context-free languages. The questions used English only, free of 

mathematical notation. The first question was, In theory of computation, are all regular languages context-free?  

 

 

Figure 4: General question about regular and context-free languages, and odd response 

 

Oddly, ChatGPT answered both incorrectly and correctly, in the same response. (OpenAI, 2023). Link. The 

correct answer is “yes” but ChatGPT-3.5 answered “no.” But the set of regular language is a proper subset of the 

https://chat.openai.com/c/3c8d140b-93db-4d8b-8c4e-441bcf87a4d3
https://chat.openai.com/share/ff9e3067-89ea-43a0-97d2-2fbde6b30d21
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set of context-free languages, and ChatGPT stated that correctly in the last paragraph. Then it immediately 

contradicted itself, “So, to summarize, regular languages are a subset of context-free languages, and while every 

regular language is also a context-free language, there are context-free languages that are not regular.” (See 

Figure 4.) 

 

 

Figure 5: Challenging ChatGPT to do the impossible 

 

Figure 5 shows the author’s request that ChatGPT do the impossible, to specify a language that is regular but not 

context-free. But ChatGPT does not know that the request is impossible. ChatGPT provides a language that is 

context-free but not regular, which is possible, but not what the author asked for.  

 

 

Figure 6: Challenging ChatGPT to prove a language is context-free 

 

 

Figure 7: Author confronts ChatGPT 
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Figure 6 shows the author’s request to write a grammar for the language. Of course, if such a grammar exists, 

then the language is context-free. ChatGPT produced the grammar correctly.  

 

Figure 7 shows the author confronting ChatGPT with the contradiction. ChatGPT apologizes, humbly.  

 

In Figure 8 the author continues to chastise ChatGPT. ChatGPT apologizes again.  

 

 

Figure 8: Author continues to chastise ChatGPT 

 

Figure 9 shows that ChatGPT – within the particular conversation– now “understands” that regular languages 

are context-free.  

 

 

Figure 9: Finally, the correct answer 
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Discussion 

 

In a nutshell, ChatGPT-3.5 is not accurate enough in its answers to use it as a conversational tool to develop a 

general understanding of TOC. When presenting typical student questions, the tool’s answers are not clear 

enough to rely on as an information source. Figure 4 demonstrates this fact amply.  

 

ChatGPT is not confident enough either. It’s too wishy-washy. If a student were to ask challenging questions, or 

pose a false prompt, ChatGPT might reply with nonsense. Consider Figure 10. The author attempted 

“gaslighting” ChatGPT with a false prompt. ChatGPT apologized and agreed with the nonsense!  

 

 

Figure 10: Gaslighting ChatGPT 

 

To recap the results: 

• Chapter 0: ChatGPT performed well on one simple proof.  

• Chapter 1: ChatGPT performed well on 2 of 3 more challenging proofs.  

• Chapter 2: ChatGPT answered 10 out of 12 simple homework questions correctly.  

• Chapter 3: ChatGPT answered 1 out of 4 questions correctly.  

• General conversation about regular languages and context-free languages: ChatGPT provided 

inaccurate and nonsensical answers. 
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Conclusion  

 

ChatGPT-3.5 appears able to produce simple proofs. But when proofs become even moderately challenging, 

ChatGPT may produce completely incorrect or nonsensical results.  

 

Of course, a thorough evaluation of ChatGPT-4 is indicated. Perhaps the paid version would succeed where the 

free version fails. Also, as time goes by, the tool may advance to a state where it could be useful. But as of this 

writing, there appear to be far too many errors for it to be used by students or teachers for anything more than 

brainstorming ideas.   

 

Speaking of brainstorming, ChatGPT offered a worthwhile list of possible benefits of an effective future system. 

See Figures 11 and 12.  

 

 

Figure 11: Possible benefits of a future ChatGPT (1 of 2) 
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Figure 12: Possible benefits of a future ChatGPT (2 of 2) 

 

To recap this paper:  

 

• This paper explored how to utilize ChatGPT, specifically version GPT-3.5, within the context of 

teaching Theory of Computation (TOC) in undergraduate computer science programs. It investigated 

whether students can use ChatGPT to cheat on homework, utilize it as a learning aid, or if teachers can 

employ it as a virtual teaching assistant for instructors.  

• The experiments conducted using ChatGPT are presented for each chapter of a TOC textbook by Sipser 

(2013). ChatGPT-3.5 successfully generated correct proofs for some problems but demonstrated 

limitations in answering more complex questions. It provided incorrect answers for specific problems, 

highlighting its limitations in accurately handling TOC concepts. 

• The study also raised questions about ChatGPT's confidence and ability to handle challenging or false 

prompts. In some cases, it offered contradictory responses, indicating a lack of consistency and 

reliability in its answers. 

 

Overall, the research performed by the author suggests that ChatGPT-3.5 is not accurate or reliable enough to 

serve as a conversational tool for developing a general understanding of TOC. It may have limitations in 

providing clear and correct information, particularly for complex mathematical concepts. Future enhancements 

and improvements in AI models like ChatGPT may lead to better support for TOC education, but as of the 

study's snapshot in late 2023, it’s value is limited. 

 

 



 

International Conference on 
Engineering, Science and Technology 

 
www.iconest.net October 19-22, 2023 Las Vegas, NV, USA www.istes.org 

 

11 

References 

 

OpenAI. (2023). ChatGPT (Oct 21 version GPT-3.5) [Large language model] 

https://chat.openai.com/share/ff9e3067-89ea-43a0-97d2-2fbde6b30d21  

 

Sipser, M. (2013). Introduction to the Theory of Computation. Boston, MA: Course Technology. ISBN: 

113318779X 

Yilmaz, R., & Yilmaz, F. G. K. (2023). Augmented intelligence in programming learning: Examining student 

views on the use of ChatGPT for programming learning. Computers in Human Behavior: Artificial 

Humans, 1(2), 100005. 

https://www.sciencedirect.com/science/article/pii/S2949882123000051?via%3Dihub  

 

 

 

 

View publication stats

https://chat.openai.com/share/ff9e3067-89ea-43a0-97d2-2fbde6b30d21
https://www.sciencedirect.com/science/article/pii/S2949882123000051?via%3Dihub
https://www.researchgate.net/publication/375766134

