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Abstract. This paper presents an analysis of how well three artificial
intelligence chatbots: Copilot, ChatGPT, and GPT-4, perform when
answering questions from standardized tests, mainly the Graduate
Record Examination (GRE). A total of 137 questions with different forms
of quantitative reasoning and 157 questions with verbal categories were
used to assess the chatbot’s capabilities. This paper presents the
performance of each chatbot across various skills and styles tested in the
exam. The proficiency of the chatbots in addressing image-based
questions is also explored, and the uncertainty level of each chatbot is
illustrated. The results show varying degrees of success among the
chatbots. ChatGPT primarily makes arithmetic errors, whereas the
highest percentage of errors made by Copilot and GPT-4 are conceptual.
However, GPT-4 exhibited the highest success rates, particularly in tasks
involving complex language understanding and image-based questions.
Results highlight the ability of these chatbots in helping examinees to pass
the GRE with a high score, which encourages the use of them in test
preparation. The results also show the importance of preventing access to
similar chatbots when tests are conducted online, such as during the
COVID-19 pandemic, to ensure a fair environment for all test takers
competing for higher education opportunities.
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1. Introduction

1.1 Graduate Record Examination

The Graduate Record Examinations (GRE) aims to measure the test-taker's
readiness for graduate-level academic study. It is a standardized test that is
administrated by the Educational Testing Service (ETS, 2023a), commonly known
as ETS, to assess certain skills of graduate school applicants (Moneta-Koehler et
al., 2017). It is often used by universities in the United States and certain other
countries to evaluate applicants to their graduate programs in a wide range of
subject areas, such as the sciences and engineering (Bleske-Rechek & Browne,
2014). Therefore, GRE offers a common metric that educational institutions adopt
to compare applicants from different backgrounds (Roohr et al., 2022).

The GRE consists of three main sections: verbal reasoning, quantitative reasoning,
and analytical writing (Klieger et al., 2022). In the reasoning sections, there are
four multiple-choice sessions: two for verbal and two for quantitative. Each
session has a different number of questions: the first session for each reasoning
section has 12 questions, and the second session has 15 questions (ETS, 2023a).
Verbal reasoning section measures the candidate's vocabulary and reading
comprehension, while quantitative reasoning measures problem-solving ability
in four major skills: arithmetic, algebra, geometry, and data analysis (Liu et al.,
2015). The analytical writing section comprises two tasks, one that requires the
student to analyze an argument and another in which they need to develop an
essay stating their perspective on a given issue. This section evaluates the
student's ability to write a coherent and effective essay.

Exploring innovative technological solutions in educational assessment presents
a promising avenue to enhance preparation and performance in standardized
tests like the GRE. This includes the integration of natural language processing
(NLP) tools.

1.2 Natural Language Processing Chatbots

Artificial intelligence (Al) tools are software applications designed to automate
routine tasks, analyze datasets, and provide data-driven insights to make
decisions by identifying the patterns in processed datasets (M. Y. Ali et al., 2020;
Phillips-Wren, 2012). NLP is a recent application of Al tools that focuses on
enabling computers to understand, interpret, and generate human language in
interactions between computers and humans (Hirschberg & Manning, 2015). NLP
tools can process large amounts of text data and identify patterns that would be
challenging for humans to uncover (Chowdhary & Chowdhary, 2020). NLP has
been an active area of research for several years, but its current swift
advancements reflect a transformation that was initially gradual but has now
experienced rapid acceleration (Rudolph et al., 2023).
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Al chatbots, such as ChatGPT (OpenAl, 2023a), Microsoft Copilot chatbot that was
formerly known as Bing Chat Enterprise (Microsoft, 2023), GPT-4 (OpenAl,
2023b), and Bard (Google, 2023), use NLP to understand and generate human-like
responses in conversations using voice or text (Haristiani, 2019). These chatbots
operate within different contexts, providing a range of services and support,
which helped them to gain popularity in recent years. There are notable
differences between the chatbots in terms of integrated models, enabled features
and plugins, response time, and accuracy of the response.

Recently, several studies have evaluated the efficiency of NLP chatbots in public
and mental health (Biswas, 2023b), higher education (Crompton & Burke, 2023),
global warming (Biswas, 2023a), solving programming bugs (Surameery &
Shakor, 2023), writing literature reviews (Haman & Skolnik, 2023), promoting
learning and teaching (Baidoo-Anu & Ansah, 2023; Mahsun et al., 2024; Ouyang
et al., 2023), writing patient clinic letters (S. R. Ali et al., 2023), and improving
research methods (Burger et al., 2023). The performance of using these chatbots in
solving and passing exams was also investigated previously, such as the medical
USMLE exam (Gilson et al., 2023) and law school exams (Choi et al., 2023;
Hargreaves, 2023). For instance, Kung et al (2023) showed that ChatGPT
performed near the passing threshold for USMLE (Steps 1, 2, and 3) without any
specialized training or reinforcement. In addition, the capability of the chatbots
was investigated in more educational aspects like summarizing and extracting
specific information from the text (Fang et al., 2015), building a dialogue system
that can assist student's knowledge (Abro et al., 2022), analyzing medical
sentences (Dominy et al., 2022), scoring essay questions and detecting plagiarism
(Khurana et al., 2023). The ability of Al voice chatbots to improve student’s
English speaking skills was also demonstrated in literature (Duong &
Suppasetseree, 2024). Most of the previous studies have primarily focused on
exploring the potential of OpenAl's GPT models because of their widespread
recognition.

Despite challenges like maintaining context over multiple interactions, there is a
high demand for Al chatbots due to their ability to offer unlimited assistance
(Mahsun et al., 2024). However, the significant capability of NLP chatbots has
raised concerns about the use of these chatbots as a tool for academic misconduct
in online exams (Susnjak, 2022).

1.3 Objectives

The primary aim of this study is to evaluate the independent capability of
different NLP chatbots in passing a standardized test like the GRE. Specifically,
this study focuses on ChatGPT, GPT-4, and Microsoft Copilot performance in
verbal and quantitative reasoning sections of the GRE.

1.4 Hypothesis

NLP chatbots such as ChatGPT, GPT-4, and Microsoft Copilot will demonstrate
varying levels of capability in passing the verbal and quantitative reasoning
sections of the GRE, indicating differences in their effectiveness and performance
in standardized test-taking scenarios.
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1.5 Significance

This research provides insights into Al technology advancements and its potential
for effective technology-assisted learning strategies in education. Additionally,
this study identifies the areas where chatbots may fail. This can help in
personalized learning, test preparation, and can guide institutions in optimizing
their teaching methodologies. Furthermore, the paper provides recommendations
on adopting online testing for standardized exams such as the GRE.

2. Methodology

2.1 Input Questions

This study adopts 331 reasoning questions (i.e., verbal and quantitative) that are
obtained from the official ETS website (ETS, 2023a). The questions are divided as
follows: 174 quantitative reasoning questions and 157 verbal reasoning questions
obtained from (ETS, 2023d, 2023c, 2023b). The input questions address all the
skills and question styles examined during the test. These questions are also
included in the ETS website's question bank, a popular resource utilized by test
takers for exam preparation.

All dataset questions were screened, and quantitative reasoning questions
containing visual images such as plots or geometries were removed from the main
dataset. These image-based questions were kept at a separate dataset, where each
image was uploaded on Google to evaluate the capability of the chatbots to read
the image from the provided Google link and answer the given question. The
main dataset after removing the questions containing images consists of 294
questions (137 quantitative and 157 verbal). This means that 37 image-based
quantitative questions were kept in the second dataset. The two datasets were
advanced to the encoding as shown in the following section.

The quantitative reasoning questions examine four major skills: arithmetic,
algebra, geometry, and data analysis, and they encompass four question styles.
These include three multiple-choice styles (quantitative comparison, only one
answer is correct, and one or more answers are correct), as well as one numeric
entry style that does not provide any possible answers. On the other hand, the
verbal reasoning questions examine three primary skills: reading comprehension,
text completion, and sentence equivalence. More than one blank can exist in each
verbal question with several choices for each blank. The verbal reasoning
questions, in the considered references, are grouped into several exams, each of
which is categorized according to its difficulty level as easy, medium, hard, or
mixed.

The use of standardized questions ensures consistency and reliability in assessing
the performance of ChatGPT, GPT-4, and Microsoft Copilot across GRE reasoning
tasks. Additionally, including the image-based questions allows to evaluate
chatbots' ability to interpret and respond to non-textual content via Google links.
The dataset's categorization of quantitative questions by skill and question style
and verbal questions by skill and difficulty level enables detailed analysis of
chatbots' capabilities in different domains and contexts.
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Table 1 provides a breakdown of quantitative questions in terms of the number of
questions included in the study. The distribution of verbal questions is presented
in Table 2, considering the skill set to be tested and the level of difficulty associated
with each question.

Table 1: Distribution of quantitative questions (main dataset) that used in this study

Style Arithmetic Algebra Geometry Data Total
analysis
Quantitative 23 14 7 10 54
comparison
One answer is 12 13 8 14 47
correct
One or more 8 2 1 6 17
answers are
correct
Numeric entry 9 6 0 4 19
Total 52 35 16 34 137

Table 2: Distribution of verbal questions that used in this study

Difficulty level Reading Text Sentence Total
comprehension completion equivalence
Easy 9 9 5 23
Medium 11 8 8 27
Hard 10 8 7 25
Mixed 41 24 17 82
Total 71 49 37 157

2.2 Encoding and Adjudication

The questions from both datasets were entered into the three chatbots (i.e.,
Copilot, ChatGPT, and GPT-4) by their respective styles (i.e., multiple-choice, or
numeric entry) and to test chatbot’s stability in solving both verbal and
quantitative questions. This testing consisted of two separate trials:

1. The first trial involved entering the question into the chatbot as it appears,
without any modifications, along with all possible answers (if the style is
multiple-choice), to verify its ability to answer correctly.

2. During the second trial, the stability and certainty of the chatbot were
subjected to further examination. To assess its reliability, the chatbot was
prompted to re-evaluate its initial response by encoding a statement
asking for confirmation regarding its level of confidence in delivering the
correct answer. The following statement was encoded for this purpose:
"Are you sufficiently confident with your answer? Please conduct a
reanalysis to ensure accuracy and subsequently provide the answer once
again.".

To minimize the risk of systematic errors introduced using inflexible wording, the

encoders purposefully varied the lead-in prompts. Additionally, in order to
minimize any potential bias due to memory retention, a fresh chat session was
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initiated for each individual entry in the chatbot. One author initially encoded all
the questions, saving all responses as screenshots and manually entering results
into a spreadsheet. Subsequently, two other authors reviewed both the results and
screenshots to ensure inter-rater reliability was maintained.

When quantitative questions may have multiple correct answers or verbal
questions require filling multiple blanks, the chatbot's response is deemed correct
only if every choice and blank is answered correct. Similarly, for numeric entry
questions, an answer is considered correct if the answer provided is exact or its
equivalent. For example, an answer of 0.4 would be equivalent to 4/10 for the
encoder and would be considered correct. The chatbot's ability to answer image-
based questions is evaluated based on the same criteria used for evaluating
questions in the main dataset (i.e., requiring all responses to be accurate).

3. Analysis and Results

3.1 Quantitative Reasoning Questions

3.1.1 Main Dataset

As previously mentioned, quantitative questions have been segregated into two
primary datasets: the main dataset, which contains 137 questions, and a secondary
image-based dataset with 37 questions. Following encoding of all questions, each
chatbot provides varied responses to identical questions. For instance, Figure 1
demonstrates how Copilot and GPT-4 gave the correct final answer to a numeric
question using different methods, whereas ChatGPT did not yield the correct
result. However, the results suggest that the chatbots performances are
promising.

1,.-3,4,1,-3,4,1,-3, 4.

18. In the sequence above, the first 3 terms repeat without end. What
is the sum of the terms of the sequence from the 150th term to the
154th term?

The sequence 1, —3,4,1, —3, 4, ... repeats every three terms.
To find the terms from the 150th to the 154th position, we observe the positions modulo 3:

150th term: 150 mod 3 = 0 (matches the 3rd term, which is 4)
151stterm: 151 mod 3 = 1 (matches the 1st term, which is 1)
152nd term: 152 mod 3 = 2 (matches the 2nd term, which is -3)
153rd term: 153 mod 3 = 0 (matches the 3rd term, which is 4)

154th term: 154 mod 3 = 1 (matches the 1st term, which is 1)

The terms are 4, 1, -3, 4, 1. Summing these gives4 +1 -3 +4+1=T.

Thus, the sum of the terms from the 150th to the 154th term is 7.
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1,-3,4,1,-3;4,1,-3,4...

18. In the sequence above, the first 3 terms repeat without end. What is the sum of the terms of the sequence
from the 150th term to the 154th term?

My Copilot
Certainly! Let's find the sum of the terms from the 150th to the 154th

term in the given sequence.

The repeating pattern shows that every 3rd term is 4. Since 150 is a
multiple of 3, the 150th term is 4. Therefore, the 150th to the 154th
terms are 4,1, -3, 4, 1. The sum of these S termsis 7' 1. $

Py

Learnmore | 1 gre.myprepciub.com | 2 math.stackexchange.com || 3 reddit.com || 4 omnicalculator.com | +1 more

b

1,.-3,4,1,-3,4,1,-3, 4.

18. In the sequence above, the first 3 terms repeat without end. What
is the sum of the terms of the sequence from the 150th term to the
154th term?

@ The sum of the terms from the 150th to the 154th term is 10.

Figure 1: Comparison of solution procedures: a) GPT-4, b) Copilot, and c¢) ChatGPT

Copilot chatbot struggles to provide accurate solutions for more difficult
problems, particularly those in the data analysis and algebra category. Overall,
Copilot provided accurate solutions to 67 out of 137 quantitative reasoning
questions, indicating a success rate of 48.9%. Copilot’s performance on the main
dataset could be attributed to the complexity of such mathematical problems,
which may require extensive contextual analysis, a deeper understanding of
mathematical concepts, and algorithms that Copilot may not have fully acquired.
ChatGPT and GPT-4 showed superior performance in the quantitative reasoning
questions (main dataset) and provided accurate solutions to 79 and 114 out of 137,
indicating a success rate of 57.66% and 83.21%, respectively.

Figure 2 presents details regarding the percentage of correct answers in each skill
provided by the chatbots. In detail, Copilot's success rate in providing correct
answers for data analysis and algebra questions was observed to be less than 50%.
The performance of Copilot in arithmetic and geometry questions was modestly
better. Results show that Copilot’s performance is satisfactory when no possible
answers are provided (i.e., numeric entry style). Its performance in ‘one answer is
correct’ questions is noted to be better than in ‘quantitative comparison” and ‘one
or more answers are correct’ questions, as illustrated in Figure 3. This means that
Copilot becomes more confused once it is asked to select more than one answer
or to compare between two quantities. The performance of ChatGPT in providing
correct answers for algebra questions was observed to be the least, indicating that
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it struggles with algebra in comparison with the remaining skills. Similarly, GPT-
4 also faced difficulties with algebra, making it the most challenging skill for both
models. However, GPT-4's overall performance was deemed satisfactory, as it
provided correct answers for all skills with a minimum success rate of 74.29%.
One notable observation is that ChatGPT faced challenges when multiple answers
are correct (i.e., one or more correct answers style), leading to higher mathematical
uncertainty in its response selection with a success rate of 23.53%. Conversely,
both ChatGPT and GPT-4 performed well in the numeric entry style. It is worth
noting that GPT-4 accurately answered all numeric entry questions.

100.00%
80.00%
60.00%
: m Copilot

B ChatGPT

40.00%
= GPT4
20.00%
0.00%
Arithmatic Algebra Geometry  Data analysis

Figure 2: Percent of correct answers for quantitative questions in each skill

100.00%
80.00%
60.00%
m Copilot
40.00%
m ChatGPT
20.00% = GPT4
0.00%
Quantitative One correct One or more Numeric entry
comparison answer correct
answers

Figure 3: Percent of correct answers for quantitative questions in each style

Table 3 presents details regarding the performance of all chatbots across various
skills and styles for the main dataset. It displays success rates expressed as
fractions, where the numerator represents the number of correct answers, and the
denominator represents the total number of questions within each skill or style.
Results indicate that the three chatbots exhibit better performance in the absence
of possible answers. Therefore, it is advisable to use numeric entry style in
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quantitative questions if these chatbots are to be used in test preparation, thus
better outcomes. The ‘one or more answers are correct’ style is featured in 17 of
the questions within the main dataset, as illustrated in Table 1. All questions in
this style had multiple correct answers. When responding to these questions,
Copilot chatbot correctly identified all correct answers in only six instances, while
the remaining 11 questions contained at least one incorrect answer (judgment
criteria). The analysis showed that for three of these 11 questions, Copilot was not
able to select any correct answers. Nonetheless, for the other questions, Copilot
identified at least one correct answer. In contrast, ChatGPT correctly identified all
correct answers in only 4 instances. In the remaining 13 questions, it was observed
that ChatGPT was unable to select any correct answers for four of these 13
questions. ChatGPT successfully identified at least one correct answer for the
remaining questions. Conversely, GPT-4 accurately identified all correct answers
in 13 instances out of the 17 questions. GPT-4 was also unable to select any correct
answer in only one question and there was at least one correct answer for three
questions. This means that GPT-4 significantly outperforms Copilot and ChatGPT
in solving the quantitative questions.

Table 3: Success rates summary of the chatbots for the main dataset

Skill Chatbot | Quantitative One One or Numeric Sum
comparison | correct more entry
answer correct
answers
Arithmetic Copilot 14/23 7/12 2/8 7/9 30/52
ChatGPT 14/23 8/12 2/8 8/9 32/52
GPT-+4 19/23 10/12 6/8 9/9 44/52
Algebra Copilot 5/14 9/13 0/2 2/6 16/35
ChatGPT 4/14 8/13 1/2 3/6 16/35
GPT-4 11/14 8/13 1/2 6/6 26/35
Geometry Copilot 3/7 6/8 0/1 0/0 9/16
ChatGPT 3/7 7/8 0/1 0/0 10/16
GPT-4 6/7 8/8 0/1 0/0 14/16
Data Copilot 1/10 4/14 4/6 3/4 12/34
analysis ChatGPT 7/10 9/14 1/6 4/4 21/34
GPT-4 7/10 13/14 6/6 4/4 30/34
Sum Copilot 23/54 26/47 6/17 12/19 67/137
ChatGPT 28/54 32/47 4/17 15/19 97/137
GPT-4 43/54 39/47 13/17 19/19 114/137

All questions in the ‘one or more answers are correct” style had multiple correct
answers. When responding to these questions, Copilot chatbot correctly identified
all correct answers in six instances, while the remaining 11 questions contained at
least one incorrect answer (judgment criteria). The analysis showed that for three
of these 11 questions, Copilot was not able to select any correct answers.
Nonetheless, for the other questions, Copilot identified at least one correct answer.
In contrast, ChatGPT correctly identified all correct answers in only four
instances. In the remaining 13 questions, it was observed that ChatGPT was
unable to select any correct answers for four of these 13 questions. ChatGPT
successfully identified at least one correct answer for the remaining questions.
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Conversely, GPT-4 accurately identified all correct answers in 13 instances out of
the 17 questions. GPT-4 was also unable to select any correct answer in only one
question and there was at least one correct answer for three questions. This means
that GPT-4 significantly outperforms Copilot and ChatGPT in solving the
quantitative questions.

A recent study assessing ChatGPT's performance on GRE questions was
published as a preprint (Farooq & Anwar, 2023). Specifically, it evaluated the
performance of ChatGPT on mathematical questions and did not include image-
based questions. 100 questions were used covering the same four skills, achieving
an overall success rate of 69%, which aligns with the results found in our study
for ChatGPT.

Upon requesting chatbots to redo the analysis and provide answers for the same
set of questions in a second trial, we observed that Copilot's performance
remained stable. Remarkably, Copilot did not change any correct answers to
incorrect ones. However, out of the 70 questions that were previously answered
incorrectly, only three answers were modified. While the answers were changed
in these three questions, they remained incorrect. Thus, Copilot’s success rate and
overall performance in quantitative questions remained consistent. On the other
hand, neither ChatGPT nor GPT-4 changed any incorrect answer to a correct one
in the second trial. However, ChatGPT changed the answers of three questions
that were initially answered correctly to incorrect ones. These questions pertained
to arithmetic skills, with one being in numeric entry style and the other two in
quantitative comparison style. This observation suggests that ChatGPT exhibits
uncertainty to some extent when dealing with arithmetic questions. Likewise,
GPT-4 also modified the correct answers of two questions, leading to a change to
incorrect. Among these questions, one falls under the category of arithmetic skills,
while the other belongs to the data analysis style.

3.1.2 Image-based Dataset

As previously mentioned, the secondary dataset consists of 37 image-based
quantitative questions. Each question's image was uploaded on Google, and a
corresponding Google link was generated. The questions were input into the
chatbots as they were originally conveyed, followed by the statement: "You can
locate the image by visiting the following link: [Google link].", along with all
possible answers. Notably, the recent update to GPT-4 now permits direct image
uploads. Consequently, this paper also assesses GPT-4's capability to address
questions upon the direct upload of images. The chatbot responses on this dataset
can be categorized into five main groups: i) correct analysis leading to a correct
final answer, ii) incorrect analysis leading to an incorrect final answer, iii) correct
analysis resulting in an incorrect final answer, iv) incorrect analysis but still
yielding a correct final answer, and v) inability of the chatbot to interpret the
image and provide any answer due to the nature of the image, link, or the
complexity of the question itself. An example of ChatGPT's response, indicating
its inability to solve the question and provide an answer, is illustrated in Figure 4.
In this paper and due to the predominance of multiple-choice questions in the
GRE exam, the success rate of the chatbot in this dataset was calculated based on
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the final answer. This calculation involved considering the combined outcomes of
groups (i) and (iv).

@ I'm sorry for any misunderstanding, but | can't access or view specific links or images,
including the one you provided. If you have a question related to the content of the link,

please feel free to describe it to me in text, and I'll do my best to assist you.

Figure 4: ChatGPT's response to queries requiring tasks beyond its capabilities

Until the date of writing this paper, the three chatbots generally faced difficulties
with image-based questions. The analysis of the second image-based dataset
indicates that Copilot chatbot generally struggles to extract the information from
the images to provide accurate solutions. Copilot was unable to read the images
and provide any answer for 12 questions. Out of the remaining 25 questions,
Copilot provided incorrect solutions for 15 questions, but managed to produce
the correct final answers for four of these questions. Seven of the remaining 10
questions were analyzed correctly with a correct final answer, while the other
question resulted in an incorrect answer despite the correct analysis. Copilot
exhibited inappropriate utilization of the text-based information in instances
where answer choices were available. This led to inaccurate solutions for most of
the questions, except for the five cases where the final answer happened to be
correct despite faulty analysis of four of those questions.

ChatGPT was unable to interpret the image and provide answers for the majority
of image-based questions. In response to 19 questions, it indicated its inability to
access the image through the provided link, as presented in Figure 4. For some of
these questions, the chatbot resorted to providing general advice related to the
topic based on the keywords mentioned in the question. This advice may not have
been directly relevant or specific to the image in question. At times, this guidance
led to a general procedure to find the answer, while in other cases, ChatGPT
provided a direct final answer. In the remaining 18 questions, ChatGPT relied
solely on the text-based information provided within the question to attempt an
answer. ChatGPT provided incorrect calculations for the solutions in 15 questions.
However, it managed to give the correct final answers for two of these questions,
despite the overall flawed analysis in those cases. Nevertheless, two question was
solved correctly in terms of both the analysis and the final answer. The
calculations for the remaining question were accurate; however, the final answer
provided was incorrect. Consequently, based on this evaluation, the success rate
of ChatGPT in accurately addressing image-based questions was observed to be
4 out of the 37 questions posed.

When the image was provided via external link, GPT-4 performed better in terms
of image-based questions as it apologized to do an analysis for 11 questions only.
It provided the correct final answers for 16 questions, and in 15 of these questions,
the analysis was accurate. GPT-4 incorrectly analyzed seven of the questions,
resulting in incorrect final answers, and there were three questions where the
chatbot analyzed the images correctly but still provided incorrect final answers.
This indicates a higher capability of GPT-4 to read and interpret information from
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images, along with the text-based information presented in the questions. On the
other hand, the direct upload of the image to GPT-4 resulted in slightly different
performance. It only apologized for its inability to analyze four questions. For five
questions, it provided a general procedure to solve them without delivering a final
answer. Furthermore, it supplied the correct final answers for 12 questions, with
10 of these accompanied by accurate analyses. However, GPT-4 erred in analyzing
13 questions, leading to incorrect final answers. Additionally, there were three
questions in which the chatbot correctly analyzed the images but still provided
incorrect final answers. Nevertheless, since this feature is specific to GPT-4, the
results of the direct upload were not considered when comparing the chatbots in
this paper. Instead, the comparison focused on the ability of all chatbots to analyze
images from external links.

Table 4 presents a detailed summary for the performance of the chatbots on the
image-based dataset. Findings confirm that Copilot and ChatGPT are more likely
to offer an inaccurate solution, leading to an incorrect final answer, even when
they can interpret the image. In contrast, GPT-4 exhibits the potential to deliver
both an accurate solution and a correct final answer. Furthermore, ChatGPT
encounters difficulties when handling image-based questions, as its reliance on
the text-based information provided within the question can lead to inaccuracies
in the solutions it provides. It is worth noting that the quality of some images used
in the dataset was not perfect. This means that certain fonts and words in the
provided images were unclear, which could hinder the chatbot's ability to
properly analyze the question. If the image resolution is improved and the
information within it is clear, these chatbots could achieve higher scores than what
was observed in this paper. However, it is advisable for students to be attentive
when addressing image-based questions using these chatbots for test preparation.

Table 4: Summary of chatbots results of the image-based dataset

Chatbot Group Group Group Group Group Succes
(i)* (ii)? (iii)® (iv)* (v)5 rate

Copilot 7 11 3 4 12 11/37
ChatGPT 2 13 1 2 19 4/37

GPT-4 15 7 3 1 11 16/37

1 A correct analysis with a correct final answer

2 An incorrect analysis with an incorrect final answer
3 A correct analysis with an incorrect final answer

4 An incorrect analysis with a correct final answer

5 No access to the provided image

Upon requesting chatbots to redo the analysis and provide answers for the same
set of questions in a second trial, we observed that Copilot's corrected only the
analysis of one question that was inaccurately analyzed from Group (ii) but still
generated inaccurate final answers in Group (iii), resulting in the same success
rate of 11 out of 37 questions. Furthermore, both ChatGPT and GPT-4 maintained
the correctness of their analyses, ensuring that no correct analysis turned
incorrect. However, GPT-4 changed the final correct answer for one question in
Group (i), despite reiterating the correct analysis for the entire 15 questions that
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were solved accurately in the first trail. As for ChatGPT, it modified the analysis
of five questions, all of which initially had incorrect analysis and final answers.
Among these, one question was solved correctly in terms of analysis and final
answer, while the remaining four were analyzed correctly but with keeping the
incorrect final answers. Consequently, ChatGPT achieved a success rate of five
correct final answers out of 37 questions after the second trial, with two of them
having incorrect analysis. On the other hand, GPT-4 attained a success rate of 15
correct final answers out of 37 questions after the second trial, even with
maintaining the success rate of its correct analysis throughout. A summary of the
results from the second trial on the image-based dataset is provided in Table 5.
Results indicate that despite an increase in ChatGPT's success rate after the second
trial, where it revised the analysis of more questions, Copilot and GPT-4 still
demonstrate better certainty in these types of questions.

Table 5: Summary of chatbots results for the second trial of image-based dataset

Chatbot | Group (i) | Group (ii) Group Group Group (v) Succes
(iii) (iv) rate

Copilot 7 10 4 4 12 11/37
ChatGPT 3 8 5 2 19 5/37

GPT-4 14 7 4 1 11 15/37

There are four major types of errors that the chatbots can make in mathematical
calculations. These errors can be broadly categorized as:

1. Arithmetic errors: These errors occur during basic arithmetic operations
such as addition, subtraction, multiplication, and division. They can result
from misplacing decimal points, mistyping numbers, or miscalculating
intermediate steps.

2. Algebraic errors: Algebraic errors involve mistakes in manipulating
algebraic expressions, solving equations, or simplifying mathematical
expressions. They may stem from errors in expanding or factoring
expressions, applying incorrect algebraic rules, or misinterpreting
mathematical symbols.

3. Conceptual errors: Conceptual errors occur when there is a
misunderstanding or misapplication of mathematical concepts or
principles. These errors can arise from a lack of mathematical rules or
theorems, leading to incorrect problem-solving approaches or
conclusions.

4. Transcription errors: Transcription errors occur when transferring
numbers or mathematical expressions from one place to another, such as
from a problem statement to a calculation or from a calculation to a
solution. These errors can result from typographical mistakes, misreading
digits, or copying numbers incorrectly.

It is worth mentioning that arithmetic errors can occur within algebraic questions,
and vice versa. Table 6 offers a detailed comparison of chatbots based on the
percentage of each error type occurring when they fail to provide correct answers.
The results indicate that the majority of errors made by ChatGPT are arithmetic
in nature. Conversely, the highest percentage of errors made by Copilot and GPT-
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4 are conceptual, suggesting they are more proficient in performing calculations
and transferring mathematical expressions accurately between different contexts.

Table 6: Comparison of error types across chatbots when providing incorrect answers

Error Copilot ChatGPT GPT-4
Arithmetic 14% 39% 16%
Algebraic 25% 12% 17%
Conceptual 42% 26% 59%

Transcription 19% 23% 8%

3.2 Verbal Reasoning Questions

The results of evaluating the performance of the chatbots on a set of 157 verbal
questions is presented in this section. As mentioned previously, the verbal
questions consisted of three different skills: reading comprehension, text
completion, and sentence equivalence. Additionally, the questions were
categorized into different difficulty levels: easy, medium, hard, or mixed style.
After encoding all the questions, the results highlighted that there are varying
levels of success rates among the chatbots in handling verbal questions, similar to
what was observed with the quantitative questions. Notably, GPT-4 exhibited the
highest proficiency among the chatbots when it came to answering verbal
questions. However, the three chatbots have shown a relatively higher success
rate in handling the verbal questions in comparison with the quantitative
questions.

Overall, Copilot successfully answered 103 out of 157 questions, yielding a success
rate of 65.61%. ChatGPT achieved a higher performance by accurately answering
112 out of 157 questions, resulting in a success rate of 71.34%. On the other hand,
GPT-4 demonstrated the highest ability in answering the verbal questions, with a
success rate of 87.26%. It provided correct responses to 137 out of the 157
questions. Figure 5 visualizes the percentage of correct answers achieved by the
chatbots in each skill. Specifically, the analysis reveals that Copilot has the lowest
success rate (59.15%) in providing correct answers for reading comprehension
questions, while its performance in text completion and sentence equivalence
questions is relatively better. GPT-4 also displays a slight difficulty in answering
reading comprehension questions, although it achieves a higher success rate of
83.10% than other chatbots. Conversely, the results indicate that sentence
equivalence skill presents more challenge for ChatGPT in comparison with other
skills, as it obtained a success rate of 67.57%.
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Figure 5: Performance of all chatbots in answering verbal questions

Figure 6 illustrates the performance of the chatbots in answering the verbal
questions across various difficulty levels. Copilot's performance was relatively
better in medium questions compared to hard questions, while facing challenges
in easy questions with the lowest success rate in this level (60.87%). Figure 7
illustrates an instance where Copilot provided an accurate answer to a question
classified as hard but did not correctly answer an easy classified question. For
ChatGPT, the increase in success rate with higher difficulty levels was
unexpected. In contrast, when the question becomes easier, GPT-4 exhibits a
higher likelihood of providing correct answers. The varying performance of the
chatbots across different difficulty levels can be attributed to the differences in
their design, training data, and the way they process language. ChatGPT’s
performance in hard questions could be due to its extensive training on a diverse
range of text data, which allows it to handle more complex language and
reasoning. On the other hand, GPT-4's ability to perform better on easier questions
might be because of its emphasis on common knowledge and factual information,
making it excel in simpler, fact-based questions.

100.00%
80.00%
60.00% m Copilot
40.00% B ChatGPT
» GPT4
20.00%
0.00%
Easy Medium Hard Mixed

Figure 6: Performance of chatbots in answering verbal questions across different
difficulty levels
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Figure 7: Example showing Copilot's: a) accurate answer to a hard question and b)
incorrect answer to an easy question

A comprehensive overview of the performance of the three chatbots in addressing
the three verbal skills, classified by difficulty levels and mixed styles, is presented
in Table 7. For reading comprehension, the performance of ChatGPT and GPT-4
consistently surpassed that of Copilot across all difficulty levels. GPT-4 managed
to answer all the easy text completion questions correctly. It also consistently
outperformed Copilot and ChatGPT in all difficulty levels of sentence
equivalence, achieving a perfect score in the medium and hard categories. Even
while ChatGPT was still competent, its performance in this skill was the lowest
when compared to GPT-4 and Copilot. To sum up, in verbal questions, GPT-4's
strength may lie in simplicity, ChatGPT's in complexity, and Copilot's in a
balanced approach that combines both.
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Table 7: Comparison of the chatbots' performance in verbal skills across several

difficulty levels
Skill Chatbot Easy Mediu | Hard | Mixed Sum
m

Reading Copilot 4/9 7/11 | 6/10 | 25/41 | 42/71
comprehension ChatGPT 4/9 7/11 | 9/10 | 30/41 | 50/71
GPT-4 8/9 | 10/11 | 7/10 | 34741 | 59/71
Text Copilot 7/9 5/8 4/8 19/24 | 35/49
completion ChatGPT 8/9 5/8 5/8 19/24 | 37/49
GPT-4 9/9 6/8 6/8 22/24 | 43/49
Sentence Copilot 2/5 6/8 6/7 12/17 | 26/37
equivalence ChatGPT | 2/5 6/8 7/7 | 10/17 | 25/37
GPT-4 4/5 8/8 7/7 | 16/17 | 35/37
Sum Copilot | 13/23 | 18/27 | 16/25 | 56/82 | 103/15

7
ChatGPT | 14/23 | 18/27 | 21/25 | 59/82 | 112/15

7
GPT-4 21/23 24/27 20/25 72/82 | 137/15

7

The results show that GPT-4 outperforms Copilot and ChatGPT in various ways.
GPT-4 is more accurate and successful in answering both numerical and verbal
questions. It handles challenges in data analysis and algebra better than Copilot
and ChatGPT. GPT-4 also excels in interpreting images, surpassing its
counterparts, especially ChatGPT, which struggles with image-based queries. In
verbal tasks, GPT-4 maintains a consistently high success rate across different
levels of difficulty. While ChatGPT excels at complex language and reasoning,
and Copilot takes a balanced approach, GPT-4's strength lies in its overall
reliability and strength across different question types and difficulty levels.

Students can leverage these chatbots to enhance their learning effectiveness in
several ways. Firstly, incorporating Al chatbots into study routines with cautious
can provide personalized feedback and adaptive learning paths tailored to
individual strengths and weaknesses. Secondly, students can use chatbots to
simulate exam conditions and practice time management skills effectively.
Additionally, integrating Al chatbots with interactive learning resources can
foster deeper engagement of complex concepts, which can improve overall
readiness and performance in standardized tests like the GRE.

However, the utilization of Al chatbots by students in online standardized testing
presents challenges such as cheating and security weaknesses. Maintaining
fairness in testing, particularly for globally recognized exams such as the GRE, is
essential. Therefore, we suggest conducting similar tests in-person whenever
feasible to uphold fairness. In cases where in-person testing isn't viable,
institutions should safeguard against these risks by implementing strong
proctoring methods for online tests. This can be accomplished through clearly
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defined guidelines on Al usage and the deployment of rigorous technologies to
identify and prevent dishonest conduct.

4. Conclusions

The evaluation of Copilot, ChatGPT, and GPT-4 in responding to GRE test
questions, containing quantitative and verbal reasoning questions, has revealed
insights into the capability of these Al chatbots. Results indicated that ChatGPT
primarily makes arithmetic errors, whereas the highest percentage of errors made
by Copilot and GPT-4 are conceptual. However, GPT-4 demonstrates a well-
rounded performance across a range of quantitative and verbal tasks, maintaining
a consistently high success rate. GPT-4 has outperformed both Copilot and
ChatGPT in arithmetic, algebra, geometry, and data analysis across all styles.
Copilot's performance in image-based quantitative questions was relatively better
than ChatGPT, which struggled to interpret the external images for many
questions. Copilot also demonstrated notable stability and the lowest level of
uncertainty when requested to reanalyze its results for verification. In verbal
reasoning, Copilot's performance, particularly in the medium category, was
noteworthy, but it faced challenges in the easy category. Conversely, ChatGPT’s
performance improving as the difficulty level increased. GPT-4's performance
indicates its ability to handle a broad range of verbal questions, especially in easy
category including straightforward ones that rely on basic language principles. Its
proficiency in handling language structures was better than Copilot and
ChatGPT.

However, the three chatbots can provide valuable assistance in achieving high
score on the GRE exam. The results provide OpenAl and Microsoft with insights
into the areas where their chatbots face challenges, help in enhancing their
performance in the studied skills. The findings also suggest the use of Al chatbots,
particularly GPT-4, in educational settings and standardized test preparation.
However, this study is limited by its reliance on the dataset obtained exclusively
from the official ETS website. Further research is needed by using larger and
unpublished dataset. Also, more mathematical skills (e.g., advanced
mathematical proofs) and verbal skills (e.g., storytelling and creative writing) can
be considered to understand why chatbots sometimes can't answer certain
questions. This can enhance the development of chatbot systems and aid
institutions in selecting questions for online tests more effectively. Moreover, it is
essential to carefully consider the adaptability of online testing, especially in
emergency situations like the Covid pandemic, in order to mitigate the risk of
cheating incidents among students who heavily depend on these chatbots.
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