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Abstract—ChatGPT has recently gathered attention from the
general public and academia as a tool that is able to generate
plausible and human-sounding text answers to various questions.
While recent works have explored the use of ChatGPT in the
context of humanities, business school, or medical school, this
work explores how ChatGPT performs in the context of an
introductory computer engineering course. This work assesses
ChatGPT’s aptitude in answering quizzes, homework, and lab-
oratory questions in an introductory-level computer engineering
course. This work finds that ChatGPT can do well on questions
asking about generic concepts. However, predictably, as a text-
only tool, it cannot handle questions with diagrams or figures, nor
can it generate diagrams and figures. Further, also clearly, the
tool cannot do hands-on lab experiments, breadboard assembly,
etc., but can generate plausible answers to some laboratory
manual questions. One of the key observations presented in
this work is that the ChatGPT tool could not be used to pass
all components of the course. Nevertheless, it does well on
quizzes and short-answer questions. On the other hand, plausible,
human-sounding answers could confuse students when generating
incorrect but still plausible answers.

Index Terms—Computer Engineering, Education, ChatGPT,
GPT-3, OpenAl

I. INTRODUCTION

Since the launch of ChatGPT (Chat Generative Pre-trained
Transformer) on Nov. 30, 2022, a number of research publi-
cations and online news articles outline different studies on
various uses of ChatGPT in academic settings [4]. In most
studies, researchers have considered the use of ChatGPT on a
single exam or test. Researchers have explored how ChatGPT
performs on the final exam of a typical MBA core course, such
as an Operations Management course. They found it would
have received a B to B- grade on the exam [5]. Researchers
have further used ChatGPT and found that it can possibly pass
the U.S. Medical Licensing Exam [3]. Researchers have also
explored ChatGPT’s performance on the Bar exam. ChatGPT
was found to earn a passing grade in the Evidence and Torts
section of the Multistate Bar Exam [1]. Outside of academia,
in a different exam-like setting, ChatGPT was shown to pass
Google coding interview [2] as well.

Existing studies, however, not considered the various types
of questions and assignments that make up an academic
course, which entails different types of questions and problems
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than just answering written exam questions. Further, in a com-
puter engineering course, which is focus of this work, different
questions may require not just writing text or code answers,
which ChatGPT can do well, but also making block diagrams,
drawing truth tables, etc., which ChatGPT cannot handle well
as a text-only tool. In this context, the present work explores
how well ChatGPT can do in a computer engineering course,
what are the limitations, how it can affect student’s learning
(or possible cheating), and what improvements could make
use (and abuse) of ChatGPT more effective in such a course.

As part of the evaluation, this work introduces a new
metric of accuracy-per-minute. The metric tries to capture
both how good the solutions are and how long it took to
generate the solutions. As can be observed from the evaluation
presented later in this work, the GPT-3 generated solutions do
much better compared to student non-GPT-3 solutions when
considering this metric. The key takeaway is that while GPT-3
does worst, or much worst than students in generating correct
answers, but it is orders of magnitude faster in generating
these solutions.

A. Software Code, Question Files, and Answer Files

GPLv3 Python code developed and used in this work is
available online'. Quiz, homework, laboratory project ques-
tions, and respective sample answers generated by the OpenAl
API are all available as JSON files in the above repository.
Student generated ChatGPT answers to quizzes, homework,
and laboratory project solutions are not provided to ensure
students’ privacy.

B. Disclaimer and ChatGPT Versions used

ChatGPT was not used in preparation for any part of the text
of this manuscript. Further, this work was prepared in Spring
2023 using ChatGPT (which is fine-tuned from a model in
GPT-3 series). Current and newer versions of ChatGPT may
be more capable. Exploration of the most recent ChatGPT
versions is left as future work.

II. CHATGPT IN AN INTRODUCTORY COMPUTER
ENGINEERING COURSE

This work explores the use of ChatGPT in EENG 201,
“Introduction to Computer Engineering” course offered at

Thttps://github.com/caslab-code/openai-eeng201-solution- generator
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Yale University every spring semester. The course has no
official prerequisites. It is most often taken by freshmen or
sophomores interested in majoring in Electrical Engineering.
This may be the first or second course students have taken in
an engineering discipline. Many students have some program-
ming background, but this is not required or expected. Further,
about 30% of the students in the class typically are more
senior Computer Science majors wanting to learn a bit about
computer hardware and Computer Engineering. A very small
number of students each year also come from Mechanical
Engineering or non-engineering fields such as psychology or
theater. All students, regardless of their background, generally
want to learn about digital design and computer engineering,
even if this is not their major.

A. Quizzes, Homeworks, and Laboratories

The EENG 201 course uses a number of different student
evaluation components:

o Quizzes — There are weekly quizzes, where students have
5 minutes to give written answers to questions presented
at the start of class. Questions usually pertain to the
prior week’s topics discussed in class. Students submit
text-only answers online, and the answers contain short
written text only.

o Homeworks — There are bi-weekly homework assign-
ments where students have 1 week to answer questions.
Questions are a mixture of textbook questions or ques-
tions developed by the instructor or the teaching assis-
tants. Students submit PDF files with answers online; the
answers may contain short answers, boolean equations,
proofs and simplification of boolean equations, truth
tables, K-maps, block diagrams, state machine diagrams,
Verilog code, etc.

o Laboratory Projects — The course includes a number of
laboratory projects, ranging from implementing a circuit
on a breadboard to writing Verilog code and prototyping
it on an FPGA board. Each laboratory manual typically
has a number of questions that students must answer as
they work their way through the manual. At the end of
each laboratory, students also need to demonstrate their
working project.

B. Students Prior Experiences with ChatGPT

An informal vote at the beginning of the course in January
2023 indicated that most students know about ChatGPT.
Roughly 75% have indicated they are familiar with ChatGPT
and have used it. Informally, some students discussed using
ChatGPT to help with essays or written work in other courses.
Thus students are well aware of ChatGPT and generally have
experimented with this technology prior to the class.

C. Student ChatGPT-assisted Solutions

In Spring 2023, students were offered an option to use Chat-
GPT in EENG 201 following a set of rules. An abbreviated
list of rules is summarized below:

o Students must submit main, graded written work (quiz,
assignment, etc.) without the use of ChatGPT.

« Students can submit a second version of their work where
answers were generated by ChatGPT.

e The ChatGPT-assisted work will be graded to assess
how well ChatGPT does, but this will not affect stu-
dents’ grades.

¢ Students who submit the second, ChatGPT assisted so-
lutions can recover up to 2% of the grade on the corre-
sponding written work (quiz, assignment, etc.).

The last item listed above was incorporated to give students
an incentive not to try to cheat by using ChatGPT on the main
work while still giving them the motivation to take part in the
experiment of using ChatGPT in the class.

D. OpenAl API Generated Solutions

In parallel to students using ChatGPT to answer questions,
a set of scripts was developed by us to submit class-related
questions to the OpenAl API automatically and to generate
answers to the questions automatically. Questions were tran-
scripted into JSON files for all quizzes, assignments, etc. The
scripts then used the JSON files to query the OpenAl API and
generate solutions. Students did not have access to this code.

As a result, we can compare student generated ChatGPT
answers with automatically generated answers using OpenAl
API. In both cases, the GPT-3 model was used, but as
demonstrated below, the results and scores are somewhat
different based on whether ChatGPT was used (through the
web interface) or if OpenAl API was used through the scripts.

III. SETUP FOR EVALUATION OF CHATGPT IN THE
COURSE

The ChatGPT was evaluated on almost all aspects of the
course: quizzes, homework, and laboratory experiments. In
particular, the work evaluated includes:

o 6 in-class quizzes,

o 3 bi-weekly homework assignments, and

o 4 laboratory projects.

A. Questions used in Quizzes, Homeworks, and Labora-
tory Projects

To attempt to limit bias when developing questions, i.e., try
not to intentionally make questions too difficult or too easy for
ChatGPT, the number of questions were re-used from the prior
year’s quizzes and assignments when possible. This way, the
old questions were guaranteed to have been developed without
knowledge that ChatGPT would be used. Further, questions
from the textbook were clearly developed before ChatGPT, as
the course textbookwas published in 2012. Most of the work,
i.e., quizzes, homework, and included fully new questions for
Spring 2023 as well. There may be unconscious bias in these
questions, but as much as possible, care was taken to develop
“typical” questions regardless of the knowledge that ChatGPT
will be used to try to answer them.

As one point of note, by the nature of the quizzes (text-
only short answers or coding questions), they are easier to



TABLE I
PERCENTAGE OF TEXT-BASED FIGURE-BASED QUESTIONS IN THE ASSIGNED WORK.™
Assigned Work % Text-based | % Fig-based
Quiz, Week 2 100.00% 0.00%
Quiz, Week 3 100.00% 0.00%
Quiz, Week 4 100.00% 0.00%
Quiz, Week 5 100.00% 0.00%
Quiz, Week 6 100.00% 0.00%
Quiz, Week 7 100.00% 0.00%
Assignment 1 58.33% 41.67%
Assignment 2 32.08% 67.92%
Assignment 3 27.36% 72.64%
Lab 1 Questions 66.67% 33.33%
Lab 2 Questions 75.00% 25.00%
Lab 3 Questions 100.00% 0.00%
Lab 4 Questions 100.00% 0.00%

*Here Text-based questions represent textual question input and textual expected output.
In contrast, Figure-based questions represent either the question containing a figure or
the expected answer containing a figure or both.

answer by only writing text, compared to homework questions
that require diagrams, for example. Homeworks are harder
to answer by writing text, as some questions reference a
diagram or a figure or ask students to make a diagram or a
figure. Table I shows the percentage of questions that are text-
based versus figure-based in each assigned set of questions.
Laboratory project questions typically ask for simplification of
some boolean equations or the development of Verilog code.
Still, hands-on demonstrations or assembly of breadboards, for
example, is clearly out of reach of text-based ChatGPT.

B. Grading Approach

All the work in the course was graded by the instructor
or the teaching assistants. Most works was graded using an
online system where text files or PDF files of the answers can
be viewed, marked with notes, and graded. Student solutions
generated with ChatGPT were graded this way as well through
the same online system. OpenAl API generated solutions
were automatically converted to human-friendly PDF files for
grading. They were graded offline as there was no way to
upload these PDFs to the class grading system.

C. Student Submitted Answers using ChatGPT

About 28% of students chose to submit ChatGPT assisted
work in addition to their main work. Not all students submitted
answers for all types of work. A small number of students
chose to only take part in the ChatGPT experiment for quizzes,
for example. The reported scores are averages of the work
submitted by the students.

The work was graded by the instructor and teaching assis-
tant. The teaching assistant was instructed, to the best of their
abilities, to grade the ChatGPT-assisted work as if it were
student work. The teaching assistant was informed there is no
preset conclusion that we want to arrive at, and thus to try
to grade as objectively as possible. Due to this setup of the
grading system, the teaching assistant did know that this was
ChatGPT assisted work. There could be unconscious bias in
the grading due to this aspect.

D. Automated Answers Generated using OpenAl API

In addition to the student work, OpenAl API and Python
scripts were used to generate answers to questions. Three sets
of answers were generated for each type of work, so the
reported averages for solutions generated using OpenAl API
are averages of three solutions.

For each quiz, homework, and laboratory project, a JSON
data file containing text and figures for any of the questions
was prepared. The questions were the same ones presented
to the students. Textbook questions were transcribed into text
format. Very minor modifications were performed on the ques-
tions when saving them as JSON files. Typical modifications
included separating questions with sub-questions into separate
questions, e.g., questions with 3 sub-parts would be changed
into 3 separate questions in the JSON file, each submitted
separately to the API. Some text would have to be repeated
when sub-parts were changed into separate questions. The
JSON files, and the Python scripts discussed later, are made
available online by the authors.”

To generate answers to the questions, Python scripts were
written to query OpenAl API and to obtain answers for each
question. Clearly, OpenAl API does not handle image files, so
only text, but not images, was submitted for each question. The
answers were saved as JSON files as well. A set of 3 JSON
files with answers for each written work was generated. The
generated answer files in the JSON format are also available
online.” Further, scripts were used to generate more human-
friendly PDF files from the JSON files, which can be used
for grading.

These generated answers in the PDF format were likewise
graded by the instructor and teaching assistant, just as the
student generated work. Since it is clear that ChatGPT gener-
ated JSON files are being graded, there may be unconscious
bias in the grading. Further, students would typically use
ChatGPT chat, which maintains some context, so the answers
may be better than the API. To the author’s best knowledge,
the API calls do not maintain context, so it seems that answers
generated using the API may be less accurate given the lack
of context about prior questions asked. More formally, the
OpenAl API was used in a zero-shot learning approach, while
online ChatGPT is able to maintain context between questions
being asked.

E. OpenAl Completion API Configuration

To generate the answers automatically using a script, Ope-
nAl API’s Completion feature was used. It creates a comple-
tion for the provided prompt and parameters. The Completion
configuration used is listed below. The text is the answer or
solution text, while the prompt is the input question:

text = openai.Completion.create (
model="text-davinci-003",
prompt=prompt,
max_tokens=256,
temperature=1,
n=1)

2JSON files and GPLv3 code developed for use in this work are available
online at https://github.com/caslab-code/openai-eeng201-solution-generator.
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IV. EVALUATION RESULTS

Table II shows the average scores for the student solutions
which were written by students without any help of ChatGPT,
and the average scores for the student solutions which were
generated with the help of ChatGPT. The table shows that quiz
answers generated by ChatGPT can reach 100%. Assignment
solutions generated using ChatGPT were the least accurate,
often below passing grade. Solutions relating to laboratory
project questions were in-between.

Table II also shows the average scores of the solutions
generated using automated scripts. Here quiz solution accuracy
was less, but still above passing grade for most quizzes.
Assignment solutions generated with the OpenAl API were
somewhat similar to ChatGPT solutions but still below passing
grades. Solutions relating to laboratory project questions were
in-between.

Table III shows the approximate time taken to generate
solutions. Students self-reported the time taken to generate the
solutions, with the exception of quizzes where they were fixed
to 5 minutes. The “Student with ChatGPT” time from Table III
(and related column in Table IV) is not reported because all the
students used the chat-based access to ChatGPT to generate
answers question by question due to which we were unable to
track this time accurately.

Table IV evaluates the new metric of accuracy-per-minute.
The metric tries to capture both how good the solutions are and
how long it took to generate the solutions. Examining the table
it can be seen that the GPT-3 generated solutions do much
better when considering this metric: while GPT-3 does worst,
or much worst than students in generating correct answers,
it is orders of magnitude faster in generating the solutions.
Thus the worst accuracy of the solutions is overpowered by
the much faster generation time.

V. DISCUSSION

This section briefly discusses observations and experiences
of using ChatGPT and OpenAl API in an introductory com-
puter engineering course.

A. ChatGPT vs. OpenAl API

The main observation gained during this work was that web-
based ChatGPT seems to do better than the OpenAl APIL
The difference is presumably that with OpenAl API, the API
currently does not keep a context of the questions. Meanwhile,
ChatGPT has the ability to retain some context.

A sample example of this is that when asked about “bubble
pushing” (a visual method presented in the textbook for
performing DeMorgan’s law), ChatGPT does better because,
from prior questions, it may compute that bubble pushing is
being used in the context of digital design. Meanwhile, with
an OpenAl API call, the API may generate responses about
“bubble pushing” being some form of market manipulation or
a software engineering method.

B. Observation About Impact of API Parameters

When max_tokens variable is too small, some answers
get cut off mid-sentence. The system does not gracefully
generate shorter answers based on a smaller max_tokens,
but simply cuts off the generated text when max_tokens
is reached. Resubmitting the same question with higher
max_tokens values can allow for the generation of a full an-
swer. Examples of questions that get cut off include questions
asking for truth tables, where the API generates an ASCII text
of a possibly very long truth table.

C. Other Observations

The API sometimes outputs answers which include what
looks like ASCII art depicting transistor, gate, or block dia-
grams. However, they are mostly non-readable.

The API also sometimes outputs links to images. Some links
are actually active (often taking users to an image hosting
web page), but many do not include a full URL or may not
be opened. ChatGPT’s web-based interface seems to perform
better in terms of displaying images.

D. Cost of Using ChatGPT and OpenAl API

ChatGPT is available for free online. OpenAl API was also
available for free, or there is a pay-as-you-go version. The
pay-as-you-go version was used for this work as it allows for
more reliable access with less downtime.

The total cost spent on OpenAl API calls was about $2.14.
The work used the OpenAl API GPT-3 Davinci model, which,
as of this article’s writing, costs $0.1200 per 1K tokens.
According to OpenAl, 1K tokens are about 750 words. Other
models can be less expensive but may be less accurate. They
were currently not tried.

E. Possible Improvements

The main takeaway about improvements is that there would
be a need for ChatGPT, or a supplementary tool, to handle
images. Specifically, there are many Al models for labeling
images of animals, detecting traffic signs, etc. However, in
the context of a computer engineering course, the need is
to directly analyze an image for its contents. This may be
closer to optical character recognition (OCR) than to Al image
inference. Some of the key tasks that would be needed include:

o Recognize truth tables and the contents of truth tables to
determine what logic function it represents and generate
Boolean equations from the truth tables.

o Recognize transistor diagrams and interpret the connec-
tion of the transistors and, thus, the resulting functionality
of the gate.

o Recognize logic gate diagrams and what combinatorial
logic they represent

o Recognize finite state machine drawings and what func-
tionality is implemented by the state machine.

o Recognize waveform diagrams and then compute how a
piece of logic, e.g., a latch or flip-flop, would respond to
the inputs shown in the waveform diagrams.



TABLE II
EVALUATION OF SOLUTIONS WRITTEN BY STUDENTS WITHOUT ANY ASSISTANCE OF CHATGPT, SOLUTION GENERATED BY STUDENTS WITH ASSISTANCE OF CHATGPT, AND
SOLUTIONS GENERATED USING PYTHON SCRIPTS AND OPENAI API.

Assigned [ Student Solutions without ChatGPT |  Student ChatGPT-assisted Solutions | OpenAl API-generated Solutions |

Work | Avr. Score | Max. Points | Percentage | Avr. Score | Max. Points | Percentage | Avr. Score | Max. Points | Percentage |
Quiz, Week 2 2.7 3 89% 3.0 3 100% 1.8 3 60%
Quiz, Week 3 2.8 3 94% 2.9 3 97% 2.5 3 83%
Quiz, Week 4 2.6 3 86% 2.6 3 7% 1.8 3 60%
Quiz, Week 5 2.5 3 84% 3.0 3 100% 1.3 3 43%
Quiz, Week 6 2.7 3 89% 2.7 3 90% 2.5 3 83%
Quiz, Week 7 2.9 3 95% 3.0 3 100% 2.2 3 73%
Assignment 1 22.2 25 89% 6.92 25 27% 9.2 25 37%
Assignment 2 22.9 25 91% 1.67 25 8% 1.9 25 8%
Assignment 3 21.7 25 87% 3.00 25 13% 2.0 25 8%
Lab 1 Questions 5 5 100% 2.90 5 64% 2.2 5 44%
Lab 2 Questions 5 5 100% 2.70 5 60% 2.8 5 56%
Lab 3 Questions 5 5 100% 3.00 5 70% 2.8 5 56%
Lab 4 Questions 5 5 100% 2.88 5 60% 2.2 5 44%

TABLE III In addition, the multiple tasks may be combined. That is:

APPROXIMATE TIME TO COMPLETE THE WORK.'r

Approx. Time to Generate Solutions
Assigned Student Student Aut d

Work no ChatGPT | with ChatGPT Code

(min.) (min.) (min.)

Quiz, Week 2 5 — 0.3
Quiz, Week 3 5 — 0.4
Quiz, Week 4 5 — 0.2
Quiz, Week 5 5 — 0.4
Quiz, Week 6 5 — 0.3
Quiz, Week 7 5 — 0.3
Assignment 1 380 — 3.0
Assignment 2 560 — 2.3
Assignment 3 800 — 1.7
Lab 1 Questions 68 — 0.3
Lab 2 Questions 72 — 0.5
Lab 3 Questions 79 — 0.4
Lab 4 Questions 73 — 0.4

TExcept For quizzes, which have fixed time of 5 min., the average of the student self-
reported time is reported in the table. For all solutions generated using Python scripts, the
average time reported by the scripts is given; the majority of this time is spent querying
the OpenAl API. The lower value is better.

TABLE IV
EFFICIENCY OF GENERATING THE SOLUTIONS, IN PERCENTAGE PER MINUTE.

Solution Generation Efficiency

Assigned Student Student Automated
Work no ChatGPT | with ChatGPT Code

(% / min.) (% / min.) (% / min.)
Quiz, Week 2 17.8 — 200
Quiz, Week 3 18.8 — 208
Quiz, Week 4 17.2 — 300
Quiz, Week 5 16.8 — 108
Quiz, Week 6 17.8 — 277
Quiz, Week 7 19.0 — 243
Assignment 1 0.23 — 12
Assignment 2 0.16 — 3.5
Assignment 3 0.11 — 4.7
Lab 1 Questions 1.47 — 146
Lab 2 Questions 1.39 — 112
Lab 3 Questions 1.27 — 140
Lab 4 Questions 1.37 — 110

Further, in addition to recognizing diagrams and figures
discussed above, a needed improvement would be to gener-
ate them. L.e., the ability to generate truth tables, transistor
diagrams, etc.

First, recognize a diagram or the contents of the diagram.
Second, perform some computation or simplification based
on the information. Third, generate new or updated figures
or diagrams.

VI. CONCLUSION

This work explored the use of how effective GPT-3 could
be in generating solutions to various types of quizzes, assign-
ments, and laboratory project questions, in an introductory
computer engineering course. This work found that using
both the ChatGPT web interface and OpenAl API, correct
solutions to quiz questions can often be generated. On the
other hand, solutions to homework questions were much less
accurate. Many of the limitations can be attributed to the fact
that introductory computer engineering coursework requires
not just the generation of text or code but also working with
figures, block diagrams, state machine diagrams, etc. In its
current form, ChatGPT or OpenAl API could not be used to
pass an introductory computer engineering course. However,
if a ChatGPT-like solution can be developed that is able to
process or generate figures, block diagrams, state machine
diagrams, etc., it would have a much better chance of passing
an introductory computer engineering course.
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