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Using Artificial Intelligence in Academia to Help Students Choose
Their Engineering Program

Abstract

It is important to find an area of focus that is related to a career path that aligns with engineering
students’ abilities, technical background, and long-term goals. Due to the array of available
specializations in industry categories, selecting the best fit for their interests is a big challenge for
engineering students. For example, the computer science category includes information
technology, programming languages, software engineering, networks, etc. Most departments
focus on one industry category and under each category there are concentrations. When students
start their journey through college, they focus on a specific concentration that they think they
will succeed in. Some students, after starting some of the courses, find that their selected area of
focus no longer fits with their abilities or their interests. Some of them try to change their
concentration, program, or college, while some of them leave college because they think that
their ability is not enough to continue studying. Today, Artificial Intelligence (Al) can be used to
improve the education process by helping students learn better and faster when paired with high-
quality learning materials and instruction. Also, Al systems can help students get back on track
faster by alerting teachers to potential problems. This paper proposes a Deep Learning Neural
Networks approach that helps students select their best-fit specialization in a specific category.
Deep learning is a subset of machine learning, but it can determine whether a prediction is
accurate through its own neural network- no human help is required [1]. The proposed system
will use a dataset that contains student data that is related to the general education courses
required for their program, such as grades, the number of hours spent on each course's materials,
the opinion of the student about the content of each course, and the course(s) that the student
enjoyed the most. Additional data will be included in the dataset such as the student's preferred
specialization and the kinds of subjects the student enjoys studying. The proposed Deep Learning
Neural Networks system will help students choose a path of study that best fits their abilities and
their goals, and that prepares them for successful careers.

Introduction

Al is a field of computer science that focuses on the creation of intelligent machines that can
perform tasks that would normally require human intelligence, such as learning, decision-
making, and problem-solving [2]. It has been applied in a wide range of fields, including
engineering, to automate tasks and improve efficiency.

One potential application of Al in engineering education is in the selection of engineering
programs. Al algorithms could be used to analyze data on factors such as student interests,
academic achievements, and career goals, and suggest programs that are most suitable for the
individual student. This could be helpful for students who are unsure of what engineering
program to pursue, or for those who are considering multiple options.

Many papers [3]- [9] were focused on how artificial intelligence aided engineering education.
Alabdulhadi and Faisal [3] have explored the latest trends and identified limitations and
opportunities in recent work on STEM (Science, Technology, Engineering, and Mathematics)



self-study simulator based ITSs, by conducting a systematic literature review investigating 47
papers from four different databases. They found that the traits of feedback in simulator-based
systems that result in positive learning outcomes are ones that combined immediate and delayed
feedback [3].

Azcona, Hsiao, and Smeaton in their paper [4] presented a new research methodology to
automatically detect students “at risk” of failing an assignment in computer programming
modules (courses) and to simultaneously support adaptive feedback. By leveraging historical
student data, they built predictive models using students’ offline (static) information including
student characteristics and demographics, and online (dynamic) resources using programming
and behavior activity logs. The results showed that students who followed their personalized
guidance and recommendations performed better in examinations [4].

Blikstein, et al in their article [5], presented studies focused on how students learn computer
programming, based on data drawn from 154,000 code snapshots of computer programs under
development by approximately 370 students enrolled in an introductory undergraduate
programming course. They used methods from machine learning to discover patterns in the data
and try to predict final exam grades. their results showed that the process-based metric has better
predictive power for final exams than the midterm grades.

Cantu-Ortiz, et al [6] presented a strategy for a state-of-the-art review of artificial intelligence
(Al) in education and a case study about preparing students to have the competencies and skills
necessary for the current and future digital transformation to Industry 4.0. Their goal was to
support institutions of higher education to build curricula that help companies by providing them
with qualified human capital to face the challenges of the twenty-first century.

Also, Deo, et al [7] in their study, implemented a robust Al methodology to uncover
relationships among student learning variables, developing teaching and learning interventions,
and course health checks, to address issues related to graduate outcomes and student learning
attributes in the higher education sector.

Garcia-Gorrostieta, LOpez-L06pez, and Gonzélez-Lépez [8] presented a system for argument
assessment embedded in an Internet-based Moodle course with Learning Tools Interoperability
(LTI) standard, to help students improve argumentation in the problem statement, justification,
and conclusion sections of their final project report. The results showed that using the argument
assessment system increased the number of arguments in the experimental group [8].

Martin Nunez and Diaz Lantada, in their paper [9], concentrate on how Al techniques can
support the teaching-learning process in engineering, and they describe how Al can be swiftly
introduced into any engineering program. They also analyze the potential impact of Al on
improving the overall operation of universities, as extremely complex systems manage myriads
of data and countless processes and interactions. However, Xu and Ouyang [10] did a study that
conducted a systematic review to examine 63 empirical AI-STEM research studies by the
authors [10] from 2011 to 2021 to gain a comprehensive understanding of Al applications in
STEM education. The results examined the major elements in the AI-STEM system as well as
the effects of Al in STEM education. Six categories of Al applications were summarized in



Figure 1. The six categories of Al applications were identified, namely learning prediction (29%
of 64 articles), intelligent tutoring system (25% of 64 articles), student behavior detection (21%
of 64 articles), automation (13% of 64 articles), educational robots (9% of 64 articles), and others
(3% of 64 articles).
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Figure 1: The application categories of Al techniques in STEM education (N =63) [10]

According to the paper [10], 18 of 63 reviewed articles were focused on learning prediction in
STEM education which is related to predicting student learning performance or status in advance
through Al algorithms and modeling approaches. 16 of 63 reviewed articles were focused on the
second category of Al applications in STEM education - the intelligent tutoring system, defined
as an Al-enabled system that was designed to provide customized instruction or feedback to
students and promote personalized, adaptive learning. The third category (student behavior
detection) included 13 articles that referred to systems to exploit and track students’ learning
behaviors, patterns, and characteristics with Al-enabled data mining and learning analytics in the
instructional and learning processes. The fourth category (automation) was comprised of 8
articles focused on utilizing Al technologies to automatically assess students’ performances and
generate questions or tasks for instructors. The fifth category (educational robots) included 6
articles focused on the adoption of robots in STEM education to facilitate students’ learning
experience as well as allow them to acquire knowledge in interactive ways. In the sixth category
(other), 2 articles were concerned with the Al textbook and group formation [10].

Other researchers focused on helping people to find their careers by creating assessments and job
personality tests to help them identify which occupational fields and career paths might help
them live their best professional life [11]- [13].

Using Al to improve the education process is important to help students learn better and faster
when paired with high-quality learning materials and instruction. But due to the array of



available specializations in industry categories, selecting the best fit for their interests is a big
challenge for engineering students. This paper focuses on using Al to help students choose their
engineering program.

Using ChatGPT

ChatGPT is a chatbot launched by OpenAl in November 2022. It is built on top of OpenAl's
GPT-3 family of large language models and is fine-tuned with both supervised and
reinforcement learning techniques. We tried to use ChatGPT as a trained Al system to answer
this question, “How ChatGPT helps students to select their program.”

ChatGPT answer was:

“ChatGPT is a large language generation model developed by OpenAl that can generate human-
like text based on a given prompt. While ChatGPT itself does not have the capability to help
students select their programs, it can be used to generate text that may be helpful for students in
making their decision. For example, a developer could use ChatGPT to generate text that
describes various programs and their requirements, outcomes, and career prospects. However,
the actual selection of the program should be guided by the students’ research and best fit of their
educational and professional goal, not just by a generated text.”

We tried to ask the question in a different way, “How does ChatGPT help students to select their
BS Engineering program that most fit their abilities.”

ChatGPT answer was:

“ChatGPT, a language generation model, can be used to generate text that describes the different
BS engineering programs available and their requirements, outcomes, and career prospects. This
information could be helpful for students in determining which program aligns best with their
interests, abilities, and career goals.

A developer could also use ChatGPT to generate questions or prompts that help students to
reflect on their abilities and how they align with specific programs or careers. However, the
actual selection of a program should be made after a student has researched and considered
multiple options, and not solely based on text generated by ChatGPT. Additionally, student's
abilities should be assessed via the academic and standardized test scores, recommendation
letters and the overall academic record. It is recommended to consult with their academic
advisor, career counselor or other experts on the field to make final decisions.”

According to that answer, we tried to propose a deep learning system that can be trained to help
the students in their selection by taking into consideration all the points mentioned in the
ChatGPT answers combined with Al benefits. Al allows organizations to make better decisions
and improve core business processes by increasing both the speed and accuracy of strategic
decision-making processes [14].



The proposed system- Dataset

In Engineering college, most departments focus on one industry category and under each
category there are concentrations (programs). When the students start their journey through
college, they focus on a specific concentration that they think they will succeed in. Some
students, after starting some of the courses, find that their selected area of focus no longer fits
with their abilities or their interests. Some of them try to change their concentration, program, or
college, while some of them leave college because they think that their ability is not enough to
continue studying.

The proposed system uses Deep Learning Neural Networks to help students choose a path of
study that best fits their abilities and their goals, and that prepares them for successful careers.
There are many features that can be taken into consideration to be the input to the proposed
system. These features were selected carefully to enable the system to provide the best advice to
the student. The proposed system will be designed to help students and provide some advice
whether to continue in the same concentration or to change it. The authors identified two
alternative approaches for design of the proposed system. The first one advises the student
whether to continue in the same concentration or not, while the second proposed system suggests
the best concentration that the student can move to.

The proposed system assumes that the students start their journey through college on a specific
concentration that they think they will succeed in without getting any help from the designed
system. Usually, during the first year, the students take some general education courses that are
related to their program. The designed system will use the data which will be collected from
these courses, such as:

1. The grades: it can be the final grade or sub grades, such as the grades of the Midterm
Exam, quizzes, assignments, projects, and discussions. The ability to collect the sub
grades depends on two factors. The first factor is the course outline if it has these sub
grades. The second factor is the tools that are available under the Learning Management
System (LMS) used by the university, such as Canvas and Bright Space.

2. Numbers of hours that the student spent on each course's materials. Some LMSs have
tools that record the time that the students spent working/ reading on each component of
the course. Collecting this data will be an important feature in our proposed system.

3. Questionnaires that collect the opinions of the students about the content of each course.
By using this survey, we can know more about students’ expectations.

4. Questionnaires about the course(s) that the student enjoyed the most. For example, if the
students enjoyed studying physics as general study courses more than the general
education study courses that are related to chemistry.

Each University has different programs offered in its engineering college/ department. For
example, our university has an engineering school that has five relevant undergraduate degrees
(programs): BS in Computer Science, BS in Cybersecurity, BS in Construction Management, BS



in Electrical and Computer Engineering, and BS in Manufacturing Design Engineering. Also,
each university has different general education courses, some of them are university graduation
requirements and some of them are program requirements.

In addition to the general education courses, we need to ask the students about their preferred
career specialization. This is done by using a Questionnaire that addresses careers that are related
to the programs offered at the university.

There are also two other key factors that should be taken into consideration while we are
designing our smart system: the kinds of subjects the student enjoys studying and the soft skills
that the students have. The subjects can be selected from the courses that are listed under each
program.

Questionnaires

As explained above, there are four questionnaires for collecting data from the students. The
questions in these lists are selected to be easily used with the deep learning neural network. The
contents of each questionnaire are shown below:

1. The first questionnaire collects the opinions of the students about the content of each
general education course and the course(s) that the student most enjoyed. This survey
may have a list of the general education courses and the student opinion as useful or not
as shown in table 1. We include the selection of the course(s) that the student enjoyed the
most. In this table, we assumed that there are 6 general education courses.

Table 1: General Education Course Survey

General Education Course | Useful (1-5) Like (1-5)

Where 1 represents “I strongly | Where I represents “I strongly
disagree” and 5 represents “I disagree” and 5 represents “I
strongly agree”, and 3 strongly agree”, and 3 represents
represents “Neutral” “Neutral”

Course 1

Course 2

Course 3

Course 4

Course 5

Course 6

2. The second questionnaire has the careers that are related to the programs offered at the
university. Table 2 shows the options of the careers that may fit the goal of the student.
To help the students better understanding the career requirements (the programs that
cover them), a description for these requirements is included in the table. The number of
careers in table 2 depends on the programs that are offered in the university.



Table 2: Careers Preferred by the Student

Career Preferred (1-5) Required Program(s)
Where 1 represents “I strongly disagree” and 5
represents “I strongly agree”, and 3 represents
“Neutral”

Career 1
Career 2
Career 3
Career 4
Career 5

3. The third questionnaire includes the kinds of subjects the student enjoys studying, such as
Math, Chemistry, Physics, Biology, and so on. Usually, this list includes the subjects that
help to differentiate between the programs offered at the university. Table 3 describes this
list.

Table 3: Subjects the Student Enjoys Studying

Material Enjoy (1-5)

Where 1 represents “I strongly disagree’ and 5 represents “I strongly
agree”, and 3 represents “Neutral”’

Math

Physics

Chemistry

Biology

Coding (programming)
Robotics

4. The fourth questionnaire includes the kinds of soft skills the students have, such as
solving puzzles, building things, music (listening or playing), and so on. Usually, this list
includes the soft skills that are preferred to exist in the students that will register for the
programs offered at the university. Table 4 describes this list.

Table 4: Student Soft Skills
Soft skills Have (1-5)

Where 1 represents “I strongly disagree” and 5 represents “I strongly agree”, and 3
represents “Neutral”

Solving Puzzles
Building things
Music- listening
Music- playing
Reading
Talking
Traveling




The proposed system- Deep Learning Neural Network

The deep learning neural network [15]- [18] that will be used for this system is Multilayer
Perceptron (MLP). This neural network will multi-classification according to the inputs. The
multi- classification corresponds to the possible path of study that best fits the student abilities
and their goals, and that prepares them for successful careers. The number of these possible paths
equals the number of concentrations (programs) that the university offers. The number of
programs in our school is 5, so we need 5 neurons at the output layer of our neural network. Each
neuron represents one of the programs as shown in table 5.

Table 5: Output neurons
Program Output
BS in Computer Science

BS in Cybersecurity

BS in Construction Management

BS in Electrical and Computer Engineering
BS in Manufacturing Design Engineering

QB WIN|F-

The proposed neural network is shown in figure 2. The input of the neural network should be a
numeric or binary value, so we need to translate all information to be ready to be used in our
designed system. There are 43 neurons in the input layer, the descriptions of these inputs are
listed below:

1. The grades of the general education courses. If we have 6 courses, there will be six
inputs, each input receives a grade corresponding to one of the courses. In figure 2, inputs
1 through 6 represent these grades inputs. Each grade will be represented as an integer
value. Because the grades are stored as letter grades, then we will use table 6 to convert
the letter grade to a numeric value.

Table 6: Grade from letter to numeric value

Letter Grade Integer value
A 95
A- 90
B+ 87
B 83
B- 80
C+ 77
C 73
C- 70
D+ 67
D 63
D- 60
F 50




2. Numbers of hours that the student spent on each course subject. In figure 2, input 7
through 12 represents the number of hours of each of the six courses.

3. General Education Course survey results will be collected by using table 1. In figure 2,
inputs 13 through 18 represent the usefulness of the course for the student goal, 5-point
Likert Scale offers five different options for the respondents to choose from, where 1
represents “I strongly disagree”, 5 represents “I strongly agree”, and 3 represents
“Neutral”. If the students left the field blank, the input will be ignored by the system.
Also, inputs 19 through 24, represent how much the student liked each course by using
the 5-point Likert Scale offers five different options for the respondents to choose from,
where 1 represents “I strongly disagree”, 5 represents “I strongly agree”, and 3 represents
“Neutral”. If the students left the field blank, the input will be ignored by the system.

4. The careers list survey result is collected by using table 2. According to table 2, there are
5 careers, each career selection will be an input to our designed system as shown in figure
2. However, inputs 25 through 29 represent this selection by using the 5-point Likert
Scale offering five different options for the respondents to choose from, where 1
represents “I strongly disagree”, 5 represents “I strongly agree”, and 3 represents
“Neutral”. If the students left the field blank, the input will be ignored by the system.

5. The materials the Student Enjoys Studying survey result that is collected by using table 3.
According to table 3, there are 6 materials, each selection will be represented by using the
5-point Likert Scale offers five different options for the respondents to choose from,
where 1 represents “I strongly disagree”, 5 represents “I strongly agree”, and 3 represents
“Neutral”. If the students left the field blank, the input will be ignored by the system. In
figure 2, inputs 30 through 35 represent student selection for each material.

6. The Soft skills the student has will be evaluated by the students themselves through
filling up table 4 form. The students will use the 5-point Likert Scale which offers five
different options for the respondents to choose from, where 1 represents “I strongly
disagree”, 5 represents “I strongly agree”, and 3 represents “Neutral”. If the students left
the field blank, the input will be ignored by the system. In figure 2, inputs 36 through 42
represent the 7 soft skills ability that the student has.

7. In Figure 2, input 43 represents the current program of the student. Because our college
has 5 engineering programs, the value of this input can be any value between 1 and 5.

At the end, the proposed neural network has 43 neurons at the input layer, 5 neurons at the output
layer, and 3 hidden layers. The number of neurons per hidden layer are 100, 150, and 50,
respectively. The number of hidden layers and the number of neurons per one of them are
tunable. The output layer classifies inputs into neurons representing the programs 1- 5. We will
use SoftMax activation function to convert values of these 5 neurons into classification
probabilities. The neuron with the highest probability represents the prediction for the program
that best fits the student’s goal and abilities.
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Figure 2: The structure of the proposed neural network

The dataset that should be used to train this deep learning network is still not ready, yet we are
working on it. Deep learning neural networks need a big dataset [15], [18] to train on. We are
going to collect the data according to the descriptions in this paper and when this dataset
becomes ready, we will train the proposed system and tune its parameters according to the loss
function result. This will be shared in future work. The dataset will be created by using the 43
inputs for each student and the advisor’s decision for the best program that best matches the 43
inputs. The selected program may be the same as the current program for the students or maybe
one of the other 4 programs that we have in our college. After collecting enough samples, we
will train our proposed neural network.

Potential for Al bias

Much has been written about the potential for Al systems to be biased. Because our university
has a diverse student body, we believe our data is being derived from a source that is not
inherently biased. Nevertheless, we are aware of this potential and the need to work to ensure
that our data does not contain such biases.

Concluding remarks

At the end of this work, there are several important conclusions that we would like to
summarize:

1. Most of the Al systems focus on improving the education process by helping students
learn better and faster when paired with high-quality learning materials and instruction.
Meanwhile, there is no Al system available that helps students select their best fit
specialization in a specific category which represents the goal of this paper.



2. ChatGPT is an Al tool that helps to answer many questions. We used it to generate the
answer for our question, “, “How does ChatGPT help students to select their BS
Engineering program that most fits their abilities.” Its partial answer, included in
ChatGPT section above, is, “... student's abilities should be assessed via the academic
and standardized test scores, recommendation letters and the overall academic record. It
is recommended to consult with their academic advisor, career counselor or other experts

on the field to make final decisions.” This answer supports our designed system.

3. By using the proposed system, we will be able to automate a repetitive task that was
previously done manually (by the advisor), without feeling any fatigue or having to take
breaks like a human employee would need to do. Also, there are 43 inputs that the
advisor needs to consider for every student.

4. The designed system can be easily updated to match the programs of any Engineering
college in any university. Also, the dataset will be created according to that university.

5. The designed system has some similarities to Aptitude tests but goes beyond such tests.
6. If data is incomplete, it may not be representative and therefore it could include bias.

7. For future work, we will focus on applying the dataset to train the designed deep learning
system and evaluate the result. Also, we may add more majors (programs) that are related
to Engineering.
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