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Abstract: The authors, specialists in engineering graphics, tested the Al reactions regarding the basics of
Descriptive Geometry. Because Descriptive Geometry is the mathematical foundation for any engineering
graphics, they assumed that how Al would react to questions in this area could affect any challenges
arising from engineering graphics. They decided to use three of the most common and free applications to
accomplish the tests, namely: Microsoft Copilot, Google Gemini, and OpenAl ChatGPT. The researchers
present the questions used for tests and the conclusions that they have come to.
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1. INTRODUCTION

A brief definition of Al may look like this: a
technology that allows machines to simulate human-like
thinking and decision-making. It is worth noting that it
enables the system to learn from data, recognise patterns,
solve problems, and even interact in natural language
[11,I5], [6], [71, [29], [30], [31]. It is well known that the
core of Al implies the possibility for this type of software
to learn from large amounts of data, identify patterns, and
even improve its performance over time. It can make
deductions and find solutions for complex problems
based on what it has learned. Al can also identify the
optimal choice from many choices [33], [2], [32], [34].

Teachers around the world are stating that Al plays
and will play an increasingly important role in the
educational process [4]. For example, Dayou Chen
consistently argued in a paper that many studies suggest
that "Al already plays a pivotal role in enhancing
students' knowledge acquisition" [3].

From the students' perspective, their attitude
regarding the use of Al depends mainly on two factors:
perceived usefulness (PU) and perceived ease of use
(PEU) [3]. But other factors should be taken into
consideration, such as Al anxiety [3].

Starting from the fact that students engage more
frequently with Al, the authors decided to analyse how it
reacts to the topics from the engineering graphics area.
Knowing that the basis of engineering graphical
representation always lies in Descriptive Geometry, they
decided to start this study by testing the Al's reactions on
topics related to its foundations. The authors were aware
from the early stages of the research process that, in the
particular case of Descriptive Geometry, they would
need to consider the fact that it would primarily focus on
images rather than written statements. That is because
Descriptive Geometry reveals its core, especially through
drawings, rather than words or equations.

Another important consideration, noted by the
authors, was that students would always characterise the
outcome data as reliable. They do not have the capacity
to analyse or interpret them. Although these tasks appear
simple, they can be unexpectedly difficult, even for those
with substantial knowledge. Moreover, when the
received data are displayed, they look consistent and

somewhat accurate from the students' perspective.
Hence, the necessary conditions for deeming the data
reliable are satisfied [2]. Therefore, students' cognitive
biases, compounded by the volume of well-structured
data displayed on screen, may pose significant challenges
to the successful completion of this study.

2. ANALYSES AND DISCUSSIONS

To carry out this study, the authors chose to use three

Al companions: Microsoft Copilot (C1), Google Gemini

(C2) and OpenAl ChatGPT (C3). Two reasons stood at

the basis of these decisions:

e They are well known among the students, having been
present on browsers and benefiting from much
advertising.

e They are free or partially free.

Considering the two reasons outlined above, the
researchers assumed that students would often use one of
these three Al companions whenever they perceived a
need to pose a question to Al.

Also, the authors anticipated that the students would
ask Al simple questions by sending text messages or
images.

Hence, the researchers decided to address simple
questions to these Al companions as students do when
they need a quick answer to a question posed by their
professor. Each question must be asked to each of the
three Al companions using the same words in the same
order, and then the answers given should be compared. In
addition, they agreed that sometimes the text could be
accompanied by an image.

The authors then agreed on the method for evaluating
the responses. Analysing the possible techniques to be
used, they concluded that the most suitable would be the
Scoring Method. From the main types of Scoring
Method, the researchers chose to use the Likert Scale
Scoring. Hence, the authors agreed to use a scale from
one to five, and they established the questions the
evaluators should answer. Also, they established the
meanings of each of the five questions. Ultimately, they
agreed to be evaluators themselves. The questions, along
with a description of their requirements and scoring
criteria, are detailed in Table 1.
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Table 1
Comparison Table
Questions Description Points
Very poor | The answer is vaguely related to | 1

the question.

Poor The answer is related to the 2
question but lacks significant
details, contains contradictory
information, or creates
confusion.

Acceptable | The answer contains some 3
valuable information relevant to
the question; however, the
requisite information is not fully
included, rendering it

incomplete.

Good The answer contains all the 4
required information.

Very good | The answer provides all the 5
required information and, in
addition, it includes
supplementary insights that,
while not explicitly requested,
are directly connected to the

subject of the question.

The authors agreed on the following questions that
should be addressed to the Al companions:
¢ Question 1 (Q1): What is a projection plane in

Descriptive Geometry?

e Question 2 (Q2): What does the word dihedron mean in
Descriptive Geometry?

e Question 3 (Q3): What is a bisector plane in
Descriptive Geometry?

o Question 4 (Q4)/(Q4-0): An image, in Descriptive
Geometry, of the projections of a point which lies in
the second quadrant/octant.

e Question 5 (Q5): An image, in Descriptive Geometry,
of the projections of a point which lies in the second
dihedron.

e Question 6 (Q6): Ways to notate the projections of a
point in Descriptive Geometry.

¢ Question 7 (Q7): Moduri de notare a proiectiilor unui
punct in geometria descriptiva. This question was
deliberately addressed in the Romanian language.

e Question 8 (Q8): Present the projections of a horizontal
line in Descriptive Geometry.

e Question 9 (Q9): Present the projections of a front line
in Descriptive Geometry.

In response to (Q1), the (C1) Al companion provided
an accurate and succinct answer. It presented the main
projection planes, the horizontal and vertical planes, and
the intersection line between them. This line is correctly
named, ground line or reference line. Yet, it made an
error saying that the vertical plane is conceptually rotated
until it lies flat with the horizontal plane, [8]. The (C2)
Al companion provided a precise response with many
details. It is presented, from the beginning of the answer,
that a number of three plans of projection exist, and gives
the correct names of them. It correctly defines the ground
line and shows that it may have a different name, the x-
axis. It also presented the auxiliary planes, their

definition and scope, [9]. It used more sources than (C1).
The (C3) Al companion displayed a precise and concise
answer. It speaks from the beginning about the fact that
three projection planes exist, gives their names and
shows that the profile plane is usually optional. It didn't
indicate any sources [10].

In response to (Q2), the (C1) Al companion offers the
correct definition of the dihedron. It correctly displays all
four dihedra that are known from Descriptive Geometry.
More than that, it reminds us that a third projection
plane, namely the lateral (profile) projection plane, may
exist, and in this case, the space is divided into eight
trihedra (octans). In the three project planes case, it did
not define the octants (places where they do exist related
to the projection planes) [11]. The (C2) Al companion
correctly defines dihedra but names them also quadrants,
suggesting that the quadrant term is primarily used to the
detriment of the dihedron term, which is false in the
French School and true in the Anglo-Saxon School. It
explains how the horizontal plane, in an imaginary way,
is rotated and explains that in this manner a single planar
surface is obtained, but doesn't tell the name of the
surface, namely the draught. It speaks about the line of
intersection between the vertical projection plane and
horizontal projection plane, named, in some works, the
line of recall (sometimes named projection line), yet it
didn't give any name used in Descriptive Geometry for
this line [12]. The (C3) Al companion displayed a brief
and concise response and made the connection with the
French School regarding the dihedra names. Also, it
offered the correct sign for the descriptive coordinates of
a point for each dihedron. It also noted that in some
works, the dihedra are named quadrants or dihedral
angles [13].

In response to (Q3), the (C1) Al companion offers,
basically, a correct definition. However, all the
subsequent explanations converge not to Descriptive
Geometry but to mathematics, with many equations
being presented. So, the answer is very confusing for
somebody who studies Descriptive Geometry [14]. The
(C2) Al companion also gave the correct and complete
answer. It mentioned the fact that two bisector planes
exist and correctly described their properties. It correctly
described their traces. Also, it presented these planes as
an important and useful locus in Descriptive Geometry
[15]. The (C3) Al companion basically gave a correct
definition, but didn't offer examples and made a poor
connection with Descriptive Geometry, [16].

Regarding question Q4, the authors decided to use
two variants of it. In the first case, the noun "quadrant"
was used, and in the second, the noun "octant" was used
instead of "quadrant”; thus, the question (Q4-O) has
emerged. In response to (Q4) and (Q4-0), the images
provided by the (C1) Al companion differed slightly, but
both were unclear, Figure 1, [17]. The (C2) Al
companion gave a response using only words; it didn't
offer an image. In the first case, when the noun
"quadrant" was used, it correctly described the use of the
two projection planes, horizontal and vertical. Then it
correctly explained the position of the projections of the
point onto the projection planes. When the noun "octant"
was used, it provided an accurate description of the three
projection planes, and a clear and precise explanation of
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the position of the point’s projections into the projection
planes was given [18].
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Figure 1 The answer provided by the (C1) Al companion to the
question (Q4), on the left and to the question (Q4-0) on the
right of the figure.

The image provided by the (C3) Al companion was
even more confusing than that of the (C1) Al companion
when the noun "quadrant” was used. The axes depicted in
the image are characteristic of an isometric axonometric
projection rather orthogonal projection. When the noun
"octant" was used, an image slightly different from the
first case was displayed, but still confusing and again the
axes depicted in the image are characteristic of the
isometric axonometric projection and not of the
orthogonal projection [19], Figure 2.
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Figure 2 The answer provided by the (C3) Al companion to the
question (Q4), on the left and to the question (Q4-O) on the

right of the figure.
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Figure 3 The answer provided by the (C1) Al companion to the
question (Q5).

In response to (Q5), the (C1) Al companion provided
an image that is not easy to understand, not clarifying
which is the horizontal and which is the vertical
projection plan. Confusion increased when it stated that
the second quadrant implies the horizontal and vertical
plans. Furthermore, it is correctly noted that the point lies
behind the frontal plane and above the horizontal plane.

Thus, the authors concluded that the answer is very
confusing [20], Figure 3. The (C2) Al companion has
correctly presented the planes involved in the definition
of the second dihedron, and the point's projections are
accurately explained; however, it didn't offer any image
as the authors requested [21]. The (C3) Al companion
displayed a very confused image and no text explanation.
The authors repeated the question, and unexpectedly, it
presented different images every time, all incorrect and
with no text explanation [22], Figure 4.

Figure 4 The answer provided by the (C3) Al companion to the
question (Q5). Different images for the same question can be
seen on the left and on the right side of the figure.

To the (Q6) question, the (C1) Al companion
provided a brief and correct answer. Still, even though it
reminded us that various notation systems exist, such as
American, French and European systems, it displayed
information only using the American system of notation
[23]. When the researchers asked it to provide an image,
the wrong one was shown. The image refers rather to the
axonometric projection than to the orthogonal projection
system. Additionally, the image is very confusing, Figure
5.

A=(10,60)

Figure 5 The image shown by the (C1) Al companion to the
question (Q6).

To the (Q6) question, the (C2) Al companion
provided a clear and accurate answer related to how the
point's projections are notated in a draught [24]. Finally,
it showed a fundamentally incorrect image, Figure 6. To
the same question, the (C3) Al companion provided a
long, clear and correct answer. It highlighted the
difference in notation when the point's projections are
notated into a sentence or into a draught. It is important
to note that the answer is structured into five distinct
sections, which makes this very easy to read and
understand [25]. The sections are logical. The displayed
image is almost correct, with a slight mistake, Figure 7.
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Figure 6 The image shown by the (C2) Al companion to the
question (Q6).
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Figure 7 The image shown by the (C3) Al companion to the
question (Q6).

Regarding the (Q7) question asked in Romanian, the
(C1) Al companion provided an answer essentially the
same as when the English language was used to
formulate this question. There are slight differences, and,
once again, it refers only to the American system of
notation [26]. When the researchers asked for an
example, the answer provided was mostly correct.
However, the figure displayed was very confusing,
Figure 8.
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Figure 8 The image shown by the (C1) Al companion to the
question (Q7).

The (C2) Al companion provided a clear and accurate
answer. Everything was related to the French school, and
it did not refer to any other contexts at all. It doesn't
display an image [27]. The (C3) Al companion provided
a correct answer to the question addressed both in
Romanian and English [28]. However, the shown images
were incorrect, Figure 9.

For (Q8), the (C1) Al companion gave an incorrect
definition. It confuses the horizontal line with the ending

Notare punctului si a proiectiilor sale
Notarea completa a punctului
Notare pe epura carteziana

(plan dublo de proiectie)

Notarea punctului in
epura triunghiulara
(3 planuri de proiectie )
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Figure 9 The image shown by the (C3) Al companion to the
question (Q7). On the left is the image shown when the
question was addressed in the Romanian language, and on the
right when the English language was used.

line, that is, a particular case of the horizontal line when
it is perpendicular to the vertical projection plane. Yet,
the descriptions of the projections are accurate if the
answer reports to the ending line [35]. It completely
failed when it presented an image of the horizontal line's
projections. The (C2) Al companion gave a correct
definition. The descriptions of the projections are
accurate. It makes a distinction between the horizontal
line and the frontal-horizontal line, which is a particular
case of the horizontal line when it is perpendicular to the
lateral plane. Yet, it didn't say anything about the ending
line, which is another particular case of the horizontal
line. It must be emphasised that the properties of the
horizontal (level) line are correctly described [36]. It
didn't provide any image. The (C3) Al companion
displayed the correct definition. Also, it provided a
detailed description of the projections and their
properties. All the explanations were thorough and made
the connection with the ending line as a particular case of
it [37]. Yet it didn't say anything regarding the frontal-
horizontal line, the other particular case of the horizontal
line. The offered images have reflected in a little measure
the ideas from the descriptions of projections, but these
cannot be considered as a draught from descriptive
geometry.

Regarding (Q9), the (C1) Al companion provided a
wrong definition, confusing the vertical line with the
front line, the vertical line being a particular case of the
front line. Yet, the descriptions of the projections, if the
vertical line is under consideration, are accurate. Also,
the properties of the vertical line are correctly provided
[38]. When the authors asked for a draught, it provided a
confusing graphical representation, which could be a
vertical line lying in the vertical plane, Figure 10. The
(C2) Al companion does not distinguish the front line
and the vertical line, explicitly asserting that it's the same
thing. In relation to the vertical line, the descriptions of
the projections and the properties of this line are correct
[39]. It couldn't provide an image when the researchers
had requested it.
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Figure 10 The image shown by the (C1) Al companion to the
question (Q9).

The (C3) Al companion clearly states that the front
line is a line perpendicular to the horizontal plane and, at
the same time, it lies in the vertical plane. Starting from
this, it provides a detailed and clear explanation of the
projections of a vertical line that lies in the vertical
projection plane. A very good explanation of the
properties of that type of line is given [40]. It provided a
confusing image when the authors asked for this, Figure
11.

PROJECTIONS OF
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Figure 11 The image shown by the (C3) Al companion to the
question (Q9).
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In Table 2, the scores obtained by each Al companion
are given. As can be seen in Table 2, the highest score
was obtained by the C2 Al companion, closely followed
by the C3 Al companion. The results listed in the table

represent the arithmetic mean of evaluator responses for
each question. Each time an evaluator scored a question,
he carefully compared the answers given by each Al
companion to that question. Throughout the entire
response evaluation activity, the evaluators did not
consult with each other regarding the responses analysed.
If the arithmetic mean of the points awarded by the
evaluators was a real number, it was rounded to the first
higher natural number.

The process evaluated Al companions Yyielded
weighted kappa (k) values ranging from 0.63 to 0.75,
demonstrating substantial inter-rater agreement.

3. CONCLUSIONS

At a glance, the scores presented in Table 2 indicate
that the analysed Al companions rarely provide
comprehensive or fully accurate answers. This finding
corroborates the inherent warnings displayed by these
platforms, specifically that generative models are prone
to errors. In certain instances, the responses were found
to be poor; however, an inadequate response from one Al
companion does not necessarily imply that others will
perform similarly.

A significant observation is that when users request a
graphical representation, the visual output is frequently
incorrect. This occurs because Al companions often fail
to distinguish  between orthogonal  projections,
axonometric projections, and other distinct categories of
graphical representation. Furthermore, these tools
frequently fail to differentiate between the French and
American schools of Descriptive Geometry, leading to
notable confusion between first-angle and third-angle
projection methods. This lack of precision is particularly
evident in generated images. Consequently, it can be
concluded that text-only responses currently maintain a
higher degree of accuracy compared to those provided
solely as images.
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